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Sylvania/ECG has the answer 

Sylvania's �Iectronic �omponents §roup has used its broad 

capabilities to solve a vexing problem in receiving tube manu· 

facture. 

The problem was to make cathodes free of impurities that 

cause early death-copper, for example, which vaporizes and 

forms leakage paths between tube parts; and sulfur, which 

may "poison" the emission coating. 

A new Sylvania process, using powder metallurgy, obtains 

much greater purity than is possible with melting, the usual 

method. And the benefits? Significant improvement in tube 

life, stability, tube·to·tube uniformity, and cathode strength. 

Integrated research and engineering in all of the basic sci· 

ences is our solid basis for this and other product improve· 

ments-as well as for the development of new components. 

One or more of these components from Sylvania ECG may 

well solve a problem you have in system design. 

Sylvania Electronic Components Group, Sylvania Electric 

Products Inc., 730 Third Avenue, New York 17, New York. 

SYLVANIA 
SUBSIDIARY 01= 

GENERAL TELEPHONE & ELECTRONICS Gffi' 
SYLVANIA/ECG OFFERS NEW CAPABILITIES IN, ELECTRONIC TUBES • SEMICONDUCTORS • MICROWAVE DEVICES • SPECIAL COMPONENTS • DISPLAY DEVICES 
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Unique 3M Invention produces complete 
microfilm record in just 54 seconds! 

Place the original here. Push a button. 

Complete in 54 seconds. Ready to file-easy to find. 

New 41Filmsort lOOOd" Processor-Camera makes microfilm record-keeping 
practical for just about any organization. One compact desk-top unit photo
graphs any document up to 18"x 24" and delivers a microfilm record mounted 
on an Aperture Card in 54 seconds. Find out now how 3M 41Filmsort lOOOd" 
can cut filing and retrieval time in half-reduce filing space 96%. 

For a free sample Microfilm Aperture Card and 3m ml-crofl-lm Prod ts O-VI-sl-on the booklet, "How Business Is Winning The Paperwork DC I 
Battle," write 3M Company. No obligation! :mm: mINNESOTA mINING Eo mANUFACTURING CO. 

St. PaUl, Minn. 55119 
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THERE'S A NEW 
WAY TO LOOK AT 
MULTI-FUNCTION 

To do several jobs simultaneously, seven hands are handy, but coordination can be 

erratic. On the other hand, Litton 'Superpots' perform m�ltiple functions with perfect 

synchronization because all functions share the same shaft. Like the Superpot 

above: Three switches with different on-off cycles, each phased to individual taps 

in a tandem potentiometer section. For certain applications we've compacted custom� 

tailored combinations into one-half·inch diameter on a single shaft, with ultra 

precise outputs. We can gang wirewound pots and infinite resolution filmpots on 

the same shaft. Working out uncommon solutions to difficult functions and extreme 

parameters is our daily job. Throw us a mean curve and expect optimum results. 

Free "Handbook of Precision Potentiometers" will be sent at your request. 

rn LITTON PRECISION PRODUCTS INC. POTENTIOMETER DIVISION MOUNT VERNON, NEW YORK 

2-gang conductive film design 

performs a continuous sine

cosine function with high slope 

rati os and conformity to 0.1 % 
peak-to-peak. 

This multi-tap, ten-turn wire

wound model provides infinite 

resolution with an ultra-precise 

0.0075% linearity. 

L i tton servo-winding tech

n ique s combine non-linear 

functi o n s  w i t h extre m e  

accuraci e s  in %11 diameter, 

0.15 % terminal conformity 

and 0.05 % resolution. 

ACTUAL SIZE 
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Opportunity 

Combine investment, 
protection, and 

annuity provision 
Has the demand for your 

special talents kept you moving 
so fast that deferred benefits 
haven't kept pace with your 
salary? We have a personal 
pension plan that's proved ideal 
for men in your situation. It 
guarantees today's favorable 
annuity rate for the future, 
provides immediate and sub
stantial financial security for 
your family, and permits flexi
bility of investment with an eye 
to a predictable monthly In
come on retirement. 

This is only one of a number 
of opportunities to use life 
insurance-often together with 
other provisions for strengthen
ing your financial situation-· 
which may be unfamiliar to 
you. We urge you to have one 
of New England Life's "men of 
opportunity" explain them. 

Roughly one of three of our 
agents qualify for this select 
group. They are successful men 
who are used to doing business 
with other successful men. 

To illustrate the kind of 
knowledge and experience that 
one of these men can apply to 
your situation, let us mail you 
our free PORTFOLIO OF OP
PORTUNITY. It includes de
tails on how you can combine a 
program of life insurance and 
investment to improve your 
financial prospects. 

iN-;wEngl-;;d Life
-

Dept. 34 
1501 Boylston St. 
IBoston, Mass. 02117. Iplease mail the free ... 
PORTFOLIO OF IOPPORTUNITY to: 

1 
1 
1 
I 

1 
1 
I 
1 
1 
1 
1 
1 
1 
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L ____________ .J 
NEW ENGLAND MUTUAL LIFE INSURANC ECO. 

Founder of mutual life insurance in America - 1835 
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THE COVER 

The design on the cover represents a recent discovery concerning the be
havior of prime numbers: integers that are divisible only by themselves and 
1. Stanislaw M. Ulam of tl1e Los Alamos Scientific Laboratory found that if 
numbers are written on graph paper in a spiral, the prime numbers tend to 
form straight diagonal lines (see "Mathematical Games," page 120) . On the 
cover the spiral is indicated by the heavy black line, the primes are in red 
and the diagonal lines are in green. The diagonal lines are even more ap
parent in the illustration on page 122, which shows the pattern as it was 
presented by a computer that worked out the spiral from 1 to about 65,000. 
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T URN ONE KNOB-yOU obtain both the approximate 
setting and the fine resistance adjustments .. . in the panel 
space oj only one control. A unique coupling arrangement 
allows the approximate setting to "idle" when the oper
ator is making the vernier adjustment. More than 12% 
of total rotation is available for the independent vernier 
adjustment, thus providing up to 20 times better resolu
tion than is obtainable with a single element control. 

VERSATILE- All standard tapers and resistances are 
available to satisfy virtually any control requirement. 
Can be used as a rheostat or as a modified potentiometer 
in a three or four terminal circuit. A triple control, 
having two units locked together with the third unit 

providing the vernier adjustment, is available where true 
potentiometer circuitry is required. 

FAMOUS TYPE J PERFORMANCE - The exclusive 
hot molded resistance element with its built-in stability 
is a guarantee of long operating life and having a low 
initial noise level, which is further improved with use. 
The control is always smooth and during adjustment is 
completely free of sudden changes or "steps." 

Try this new Type JJV control- surprise yourself with 
the vernier resistance adjustment that is obtainable over 
a wide range. Allen-Bradley Co., 1204 S. Third Street, 
Milwaukee, Wis. 53204. In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontario. 

ALLEN·BRADLEY TYPE J HOT MOL DED VARIA BLE RESISTORS 

Type J 
with encapsulation 

Type JS 
with line switch 

Type JJ 
standard dual unit 

Type JJJ 
standard triple unit 

I ALLEN - BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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Where no metal but Platinum 
Platinum-Cobalt permanent magnet is credited with 
providing satellite amplifier with maximum reliabil
ity, small size and optimum over-all efficiency. 

Space communications specialists now have available a light
weight, highly efficient amplifier for use in earth-orbiting relay 
satellites. The Watkins-Johnson Company, Palo Alto, California, 
has developed a traveling-wave tube amplifier which delivers 
12 watts of power with an efficiency of 27%-yet weighs only 
32 ounces. Watkins-Johnson engineers credit this effective de
sign to a tiny, %G-inch diameter magnet made of Platinum
Cobalt, an alloy which provides a more powerful permanent 
magnet than any known material. 

Platinum-Cobalt, after appropriate heat treatment, develops 
a coercive force approximating 4800 oersteds and an energy 
product in the order of 10 million gauss-oersteds-advantageous 

properties where strong fields must be produced with a small 
mass of material. 

It could pay you to use a Platinum Metal 

Your problem might be readily and economically solved with a 
Platinum Group Metal-where superior magnetic properties are 
required ... where superior electrical characteristics are required, 
such as in grid wires ... where high temperature corrosion and 
spark erosion are involved, such as in aircraft sparkplugs ... 
where wear-resisting, non-tarnishing surfaces are required, such 
as for printed electrical circuits ... where a combination of severe 
corrosion and erosion must be met, as in the case of spinnerettes 
for rayon production ... where peak catalytic efficiency is re
quired, as in the refining of high octane gasoline ... or where 
product purity must be retained despite high temperatures, as 
in the case of lens glasses ... the Platinum Group Metals have 
proved to be the most economical for certain critical equipment. 
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will do the job as well ... 
Industry is going to higher temperatures and higher pressures. 
Perhaps your own progress has been blocked by the limitations 
of materials to withstand such severe conditions. The Platinum 
Metals family have removed many barriers. Have you consid
ered them for your problems? 

Platinum, palladium, rhodium, ruthenium and iridium have 
unique potentials, well worth your attention. Specialists are 
prepared to work closely with you in evaluating these metals 
for new commercial and scientific uses. 

As the first step, write for the 20-page book, "The Platinum 
Metals in Industry," describing outstanding characteristics and 
successful applications of the six Platinum Metals and their 
alloys-indicating how we might be of assistance to you. 

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 

High Temperature Stability 
Exceptional Chemical Inertness 
Superior Wear Resistance 
Peak Catalytic Activity 
Low Vapor Pressure 

The six Platinum Metals are: 

PLATINUM· PALLADIUM· RHODIUM 

RUTHENIUM IRIDIUM OSMIUM 

��> PLATINUM METALS The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 
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This is the WILO* M-20 
RESEARCH MICROSCOPE 

DRAWING TUBE 

This is the WILO* M·20 with: 

CINETUBE CAMERA 2 POLAROID 
LAND BACK 

INCIDENT LIGHT 
ATTACHMENT 

Nowhere is there an instrument so versatile, so precise, so conveniently adapt
able to all observation methods. Nor so admirably suited to your field of research 
or scientific investigation. 

"The first name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes. 

HEERBRUGG 

WILD HE.R.RUGG INSTRUMENTS, INC. 
PORT WASHINGTON, NEW YORK 

Full In Canada: Wild of Canada Ud., Factory Service. 881 Lady Ellen PllICe, Ottawa 3, Ontario 

LETTERS 
Sirs: 

The article "Vehicular Traffic Flow" 
by Robert Herman and Keith Gardels, 
appearing in your December issue, 
points out the statistical and physical 
nature of traffic and how "platooning" 
can defeat the shock-wave effect of 
heavy traffic on single and multilane 
arteries. It also makes the observation 
that drivers tend to maintain speed 
rather than distance relations, which is 
the obvious cause of the shock-wave 
effect. 

vVhat the article does not relate are 
the causes of the valuation of speed, 
regardless of safe-distance practices. 
The obvious fallacies of the man-ma
chine system called the automobile are 
the human error and the human tem
perament. In semiautomated produc
tion lines experience shows that man
machine combinations are inefficient 
and dangerous; better quality and safe
ty are achieved by eitheL a fully auto
mated system or a fully manual system. 

Human beings, although sheeplike at 
times, are not content to follow the 
leader, particularly when they have 
something else on their minds or want 
to get home for dinner. Heavy traffic 
is an agent of frustration: it makes tem
pers grow short and chances grow long. 
There is always someone, either because 

Scientific American, Murch, 19M; Vol. 210, 
No. 3. PublisJlcd monthly by Scientiflc AlHcrkull, 
Inc., 4]5 �'1adisoll Avenue, New York. N.Y. ]OOl7; 
Gerard Piel, president; Dennis Flanagau, \'ice' 
president; Donald H. Miller, Jr., vice·president 
und treasurer. 
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The Editors, SCIENTIFIC AMEIIiCAN, 0115 Madison 
Avenue, New York, N.Y. 10017. l\'lanuscripls urc 
submitted at the author's risk and will not be 
reLurned unless accompanied by postage. 

Ad,'ertising corresllondence should be addressed 
to Martin M. Davidson, Advertising :Manager, 
SCIENTJI.'IC AMERICAN, 415 :MadiSOIl Avenue, 
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Subscrilltioll correspondence should be ad· 
dressed to Jerome L. Feldman, Circulation !\'Ian· 
ager, SCIENTIFIC AMEltlCAN, 415 :Madisoll Avenue, 
New York, N.Y. 10017. 

Offprint corrcspomJcncc and orders should be 
addressed to W. H. Freeman and Company, 
660 Market Street, San Francisco, Calif. 94J 04. 

Subscription rates: one year, 86; two years, SII; 
three years, S]5. These rates apply throughout 
the world. Subscribers in the United Kingdom may 
remit to Midland Bank Limited, 69 Pan Mall, Lon· 
don SW ], England, for the account of Scien· 
tific American, Inc.: one year, two pounds four 
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three years, five pounds eight shillings. 
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THE CONTROL DATA® 3400 
LETS YOU START 

WITH LARGE-SCALE 

COMPUTING AT 

MEDIUM-SCALE COST 

The CONTROL DATA 3400 is the newest in a family of 
large-scale computers_ It allows the user to benefit from 
large-scale computer performance-speed, p.recision 
and scope_ 

Yet, the 3400 is as much as 50 per cent lower in cost 
than equivalent systems_ 

The 3400 uses the same field-proven logic and circuitry 
developed for the 3600-Control Data's unprecedented 
large-scale computer system_ Further extending this 
compatibility with the 3600, peripheral systems are 
interchangeable. 

The 3400 Software (FORTRAN, COBOL, complex moni
tor systems, assembly routines and simulators) parallels 
the 3600_ 

This system compatibility with the 3600 at medium
scale price is significant in two valuable respects: 3400 
price allows users an earlier start in large-scale perform
ance, while the 3400's true upwards compatibility to 
the 3600 significantly extends the user's system life. 

Detailed information is now available on the CONTROL 
DATA 3400 through the Control Data Corporation repre
sentative who calls on your organization. 

CONTROL DATA 
CORPORATION 

8100 34th AVENUE so . •  MINNEAPOLIS 20, MINN. 

OFFICES: Albuquerque. Beverly Hills. Birmingham • Boston • Cape Kennedy. Chicago. Cleveland. Dallas. Dayton. Denver. Detroit. Honolulu. Houston 

Huntsville . Ithaca. Kansas City. Kansas . Los Altos . Minneapolis . Newark. New York City . Omaha. Palo Alto. Philadelphia. Pittsburgh. San 
Diego. San Francisco. Seattle. Washington, D.C . •  Frankfort, Germany. Melbourne, Australia. lucerne. Switzerland. Zurich. Switzerland. Paris, France 
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Presenting Du Pont 

BAYMA13 
A new inorganic colloid with unique properties and broad application 

Fr o m  Du Po n t  r e s e a r c h  c o m e s  
"Baymal" colloidal alumina, a new 
material with a versatility that chal
lenges your imagination. 

A white powder, "Baymal" consists 
of clusters of submicroscopic, crystal
li n e  f i b r i l s  of b o e h m i t e  a l u m i n a  
(A IOOH) . The powder disperses eas

ily in water, yielding a stable, posi
tively charged sol composed of the 
discrete, ultimate fibrils. It has a high 

specific surface area (275 sq. meters/ 
gram); from solution it can be ex
hausted onto negative surfaces to pro
duce mono- or multi-layer films; it can 
be combined with minerals, pigments, 
fibers, and other materials to form coat
ings and shapes; or it can be formed 
into porous or fused bodies directly 
from its original dry state. 

Now you can begin to see what makes 
"Baymal" colloidal alumina so unique. 

ACTUAL AND SUGGESTED FUNCTIONS OF "BAYMAL" 
IN SOME INDUSTRIES 

Absorbency 

Adsorbency 

Astringency 
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Degreasing 

Oensification 

Dispersing 

Emulsifying 

Flocculating 

Insulation 

lUDrication 

Molten Metal 
Resistance 

Mordanting 

Non-greasy, 
non-tacky feel 

Nucleation 

Plasticizing 

Reactivity 

Reinforcing 

Soil Resistance 

Stabilizing 

Static Reduction 

Suspending 

Thermal Barrier 

Thermal 
Stabilization 

Thickening 

Thixotropy 

Viscosity Control 

Water Wetting 
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THE PERFORMANCE 
ADVANTAGES OF BAYMAL® 
In liqUidS, it can provide: 
• Thixotropy 

• Suspension 

• Positive Ionic Charge 
• Flocculation 

• Emulsification 
• Dispersion 

In films, coatings, or fabricated 
objects, it can provide: 
• Adsorption (mordanting) of 

molecular compounds, colloids, etc. 
• Bonding & Adhesion 

• Chemical Resistance 
• Direct Conversion to 

Gamma Alumina 

• Molten Metal Repellency 

• Positive Ionic Charge 

• Strength When Dry-Pressed 
• Surface Reactivity 

• Thermal Resistance & Stability 
• Translucence 

• Water Wettability 

THE FORMULATING 
ADVANTAGES OF "BAYMAL" 
• Flexibility 

• Multiple Functioning 
• Simplicity 

"Baymal" is now available at a 
lower price. Use the coupon for 
further information. 

<[OpotID 
"t·· ... I.''''O., 

Better Things for Better Living 
• • .  through Chemistry 

r--------------------------------------

BAYMAE /�������AL 

E. I. du Pont de Nemours & Co. (Inc.) 

Industrial and Biochemicals Dept. N·2545 SA 
Wilmington, Delaware 19898 

Please send additional information about 
"Baymal" for the following application __ _ 

Name __________________________ __ 

Title' _____________ _ 

Company _____________ _ 

Street _____ --------__ 

City Slale __ Zlp, ___ _ 

L _____________________________________ � 
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of impatience or aggressiveness, who 
wants to get ahead. 

What Dr. Herman and Mr. Gardels 
might consider is a totally automated 
system in which the road not only con
trols the vehicle but also powers it-a 
system in which the vehicle is a pro
gramed bit of information, the driver 
the programmer, and the road system 
the memory and logic of a computer. 
The vehicle would be of necessity a 
new concept. It would have its own 
power supply, but usable only on minor 
avenues, not on major arterials. To 
enter a freeway the driver would pick 
his destination and feed it to the vehi
cle's control console, which carries a 
coded diagram of the arterial system; 
the vehicle relays information to the 
computer-road on the on-ramp and the 
vehicle is transported to the destination 
without the possibility of human error 
in control. 

Our driver, once off the freeway, re
sumes control of his vehicle, which now 
operates on its own power (enough for 
a speed of no more than 40 miles per 
hour). If the driver fails to program 
or to take control, the vehicle could 
be shunted to a holding area apart from 
the on- and off-ramps. 

Science fiction? I don't think so. 

MELVIN RUDIN 

Mountain View, Calif. 

Sirs: 
We read with interest the article by 

Leonard V. Gallagher and Bruce S. Old 
titled "The Continuous Casting of Steel" 
in your December issue. 

As major suppliers of graphite elec
trodes to the nation's electric arc fur
nace industry, however, we were sur
prised to find no mention of the electric 
fUl'nace as a source of molten steel, 
whereas both the open hearth and the 
oxygen converter were discussed. 

In point of fact, of the 71 steel 
mills that are presently continuously 
casting steel throughout the world, 50 
are equipped with electric furnaces, six 
with open-hearth furnaces, six with LD 
(oxygen) converters and six with a com
bination of electric furnaces and open 
hearths. No information is readily 
available on the other three. 

M. M. RAND 

National Carbon Company 
Division of Union Carbide 

Corporation 
New York, N.Y. 
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!CAMPEX CORP. 1964 

Will your next instrumentation recorder turn out to be one of these? 

Not if it's an Ampex. We've made more instrumentation 
recorders than anybody else in the world. And none 
of our customers has ever found himself with a white 
elephant on his hands. The first recorder we ever made 
-the recorder that pioneered the industry-is still in 
service. And right from the start we've held to the idea 
that no matter how good a recorder is, it's only as 
good as the backup service of the company that made 
it. We've built up the largest staff of Service Engineers 
in the industry, and stationed them in practically every 
major city in the world. We have Contract Engineers 
who work full-time in customer installations. And these 
people are backed up by a corps of Technical Service 
Engineers. We have a Training Division, a full-time 
staff of instructors who'll give your people a thorough 

course in operation and maintenance of our equipment 
-either at one of our plants or on-the-job. Our Parts 
and Service Division stocks parts for every recorder 
we ever made and has depots all over the world. Our 
Engineering Division provides modernization kits which 
make it possible to incorporate new advances into 
older machines. And no matter how old a recorder is, 
our Service Laboratory can give it a new lease on life. 
Backup services like these don't get mentioned on spec 
sheets (they can't be specified). But they're the invalu
able extra that can mean the difference between a wise 
investment and a white elephant. How many companies 
offer you this kind of service? You can count them on 
one finger of one hand: Ampex Corporation, Redwood 
City, California. Term financing and leasing available. 

II 
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What is it that can travel over water, land, mud and ice 
and may make the wheel obsolete? 

It's been called a"GEM" (forGround 
Effect Machine). It's been called a 
"Hovercraft." It's been called an 
"Air Cushion Vehicle." And it's a 
little hard to say whether it flies low 
or rides high. 

But Republic Aviation has just con
cluded a licensing agreement to de· 
velop, produce and sell these revo
lutionary machines that travel on a 
cushion of air over any kind of sur
face, wet or dry. 

Gas turbine engines 
provide air cushion 

One of the most publicized GEM's 
already built has done commuter 
service on a test basis, carrying 24 
passengers across Dee Estuary on 
Britain's North Wales coast, over 
sandbars and shoals where no boat 
could operate. Called the VA·3, it's 
a 4·engine 12-ton version that can 
handle about 2 tons of cargo. It 

hovers 12 inches over the surface 
on a cushion of air provided by two 
of its gas turbine engines, while the 
other two provide propulsion. 

A variety of high-speed 
go-anywhere craft for industry 

and the military 
Similar but more advanced versions 
of the GEM are expected to operate 
easily at speeds over 150 mph. 
Republic's prototype model will be 
equipped to ride three feet off the 
su rface to clear waves or obstacles, 
and further development will pro· 
duce models that can clear six to 
eight-foot obstacles. Consider then, 
what the GEM's capabilities might 
be ... 

D As a military landing craft, thun
dering in from over the horizon 
and right up onto the beach to 
park and unload-

rying drillpipe, supplies and per· 
sonnel over tidewater marshes, 
mud flats and open sea with equal 
ease-and without any dock-

D As an airport or harbor vehicle 
for police and rescue work-

D As a high·speed arctic explora
tion craft, unhampered by snow 
or thin ice-

D As a general·purpose carrier for 
underdeveloped countries where 
good roads are few and far too 
costly. 

How big a future 
As yet, nobody is entirely sure what 
the GEM's total potential for the 
future really is. Finding out is a big 
part of Republic's job. Considering 
that it took man some millions of 
years to discover the wheel-and 
another 7,000 to learn how to do 
without it-that could be a pretty 

D As an offshore oil·rig tender, car- sizeable order. 

Republic will develop and produce air· cushion vehicles in this hemisphere under a licensing agreement with Vickers and REPUBLIC 
Hovercraft Development Ltd. of Great Britain. Republic Aviation Corporation, Farmingdale, Long Island, New York. AVOATOON CORPORATOON 
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Energy Absorption 
of Semi-Rigid Foams 
Increased Six-Fold by 
New One-Shot Process 

In devising a new one-shot system for 
manufacturers of semi-rigid urethane 
foams, we met head-on (like football 
players) with some unique problems. 
Silicone surfactants played a major role 
in solving them. 

Almost all semi-rigids are used as shock 
absorbers. Automotive crash pads and 
sunshields. Protective padding for deli-

cate instruments and heavy equipment. 
Gaskets. Athletic equipment. (We un
derstand football players often clash 
with the force of a car going fifty miles 
an hour.) 

These end uses place harsh demands 
on manufacturers. They must supply 
cushioning material rigid enough to pre
vent strike-through. Yet the material 
must be soft enough and resilient enough 
to absorb shock without permanent de
flection. 

What is needed is a hybrid between a 
flexible foam with a high percentage of 
open cells and a rigid foam with mostly 
closed cells. Union Carbide's new one
shot system for manufacturing semi
rigid urethane foams is designed t o  
balance these cellular problems ... and, 
do it economically. 

Two silicone surfactants provide the 
key. One acts as a stabilizer. It gives the 
necessary film healing while the foam 
develop:; and rises. The other silicone 
surfactant opens the right number of 
cells at exactly the right time. 

Together, in a one-shot process, these 
two surfactants perform a job that for
merly required a more expensive two
step prepolymer system. 

They give a much superior product, too. 
A foam that absorbs up to six times the 
energy of previous urethane foams, 
according to standard rebound tests. 
Density is reduced by 33'10, and, signifi
cantly, compression set is reduced from 
40-50'10 to zero-1'1o. (The table has more 
details.) 

Property UNION CARBIDE'S 
One-Shot System 

Typical 
Pre polymer Properties 

Compression Set 

Density 

Resiliency (Rebound Ball Test) 

Humid Aging 
(loss of load bearing) 

Fillers (to eliminate shrinkage 
and to obtain properties) 

Viscosity of System 

"Green Strength" (time to reach 
minimum compression set) 

0-1% 
4.5-6.5 Ib/ft' 

5% 

25·35% decrease 

None required 

300 centistokes 

<1 hour 

40-50% 
8·11 Ib/ft' 

30% 

40-50% decrease 

Required 

2000-4000 centistokes 

>3 hours 

By varying the formula, manufacturers 
can obtain a considerable range in re
activity rates and physicals. A viscosity 
of 300 centistokes makes molding easier 
... permits free flow into thin and intri
cate molds, eliminates rejections and 
void-repair problems. 

Excellent green strengths are obtained 
without post-curing. Curing time-tem
peratures and cream times are compati
ble with current production equipment 
and schedules. 

Union Carbide is the originator of sur
factants for one-shot polyurethane 
foams and the leading innovator in sili
cones technology. You can select from 
the most complete product line, and 
benefit, too, from all the silicone re
search we are doing. Just see your Sili
cones man or mail the coupon below 
for any kind of information you want 
about silicones and their uses. 

UNION CARBIDE is a 
trade mark of Union Carbide Corporation. 

r---------------, 

I 

Silicones Division 
Union Carbide Corporation 
Dept. 4C84-4401, 30-20 Thomson Ave. 
Long Island City, New York 11101 
In Canada: Union Carbide Canada, Ltd. 
Bakelite Division, Toronto 12. 

Please send me data on ______ _ 

NAME. _________________________ __ 

TITLE. _________________________ _ 

I COMPANY ___________ _ 

I ADDRESS ______________________ _ 

I
I CITY ________ ---::-;::-;;-_ 

ZIP# 
I STATE ___________ _ 

L _______________ J 
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50 AND 100 

YEARS AGO 

11 SClOOIDcAMEiICAN � 
MARCH, 1914: "According to press 

dispatches, Mr. William Marconi is meet
ing with considerable success in his wire
less telephone experiments and is con
fident that transatlantic radiotelephony 
will be an accomplished fact at some not 
far distant day. Mr. Marconi has been 
conducting experiments from the Duke 
of Abruzzi's flagship, the Regena Elena, 
off Agosta in Sicily, and has succeeded in 
maintaining radiotelephonic communica
tion with ships from 18 to 43 miles dis
tant." 

"Some very interesting recent re
searches by Stprmer and Birkeland on the 
aurora borealis render it probable that 
this phenomenon is due to corpuscular 
radiation proceeding from the sun to the 
earth. These corpuscles are doubtless 
electrons, which are known to have great 
penetrative power." 

"Three years ago the trustees of the 
British Museum undertook what has 
proved the largest, and in many respects 
the most important and fruitful, excava
tion which they ever promoted. Three 
years have seen six campaigns in the soil 
on which there is no reasonable doubt 
once stood Carchemish, the leading city 
among the Hittite peoples of Syria. Mr. 
C. L. Woolley, well known for his Nu
bian researches, and Mr. T. E. Lawrence, 
who worked under Mr. Thompson and 
Mr. Hogarth, have been in charge for the 
most part of this time, carrying on the 
excavation for a spring season and an 
autumn season in each year with be
tween 200 and 300 men." 

"M. Maurice Colliex made his first 
flight recently with a gigantic sea plane, 
which might be called a flying tug-boat. 
It has the regular ship-like under-struc
ture characteristic of Curtiss hydro-aero
planes and looks something like a small 
river tug. Even the funnel in the middle 
is not missing. The hull of the little boat 
is 26 feet long, and it has a beam of seven 
feet. The wings are about 82 feet long 
and have a spread of about 150 square 

yards of canvas. Colliex tested the ma
chine on the Seine, near Triel. It rose 
easily from the water and alighted with
out difficulty." 

"Prof. Lowell telegraphs to us from 
Flagstaff as follows: 'The canals of Mars 
are now exhibiting a very striking sea
sonal development from north to south 
over the planet's surface, being darkest 
and strongest near the edge of the melt
ing north polar snow cap and thence 
gradually pushing farther and farther 
southward. This observed development 
of the canals is somewhat similar to the 
annual inundation of the Nile: " 

MARCH, 1864: "The gunboat De 
Soto has thus far proved herself the most 
successful of all the vessels on the Atlan
tic blockade. She has captured 17 block
ade runners, whose aggregate value is 
near $1,200,000." 

"A correspondent of the London 
Times, writing from Richmond on Dec. 
21st, thus discourses of naval armament: 
'Again I feel tempted to raise a warning 
voice about the disparity of the arma
ment on board of the English and Ameri
can vessels. Judging from the officers of 
Her Majesty's Navy who have at rare 
intervals brought vessels of war into 
Confederate ports, it appears still to be 
held that the 68-pounder, or eight-inch 
smooth bore, is England's best weapon of 
offense against iron-clad vessels. The ex
perience gained at Charleston enables 
me confidently to affilID that as well 
might you pelt one of the Yankee moni
tors or the Ironsides with peas as to ex
pect them to be in any way damaged by 
eight-inch shot. Another disagreeable 
question forces itself upon an English
man's attention when he is cognizant of 
the terrible broadside thrown by the 
eight ll-inch guns of the Ironsides-one 
of the most formidable broadsides, in the 
opinion of the defenders of Charleston, 
which has ever been thrown by any ves
sel upon earth. Have we any ship in exist
ence which could successfully resist such 
a broadside and respond to it with any
thing like commensurate weight and 
vigor?' " 

"A very beautiful hypothesis has been 
framed by Mr. Sterry Hunt, F.R.S., to 
account for the increased temperature 
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�@01@lli reports on: 

... and asks a lot of questions 

Infrared goes in, orange (omes out 
No, it's not raw 
film. Roomlight or 
daylight does it no 
harm. I n fact, it is 
intended to be left 
lying around ex

posed to fluorescent-lamp light. That's 

how you charge it up. That's all there is 
to charging it up. Then you take it to 
the laser room. Don't rush. The energy 
won't leak away that fast. Hthe 5 o'clock 
bell rings and it's Friday, forget about 
it until Monday. But do not forget to 
protect your eyes with 7 mm of Pitts
burgh No. 2043 glass (or the equivalent 
thereof) before firing the laser at it. 

The whole point of this picture is that 
this is a far-field pattern not of a visible
light laser but of an infrared one. * 

Thus we demonstrate what should be the 
big market for sheets of a product for 
which purchasing directories will have 
to establish a new category, a product 
we choose to call KODAK I R Phosphor, 
an interesting bit of business from our 
chemists of the inorganic persuasion. 

Except for a technicality, one could 
say that it converts infrared to orange, 
replacing more sophisticated-looking re
ceptors that less vividly show the loca
tion and approximate distribution of the 
output from an infrared laser. The tech
nicality is that infrared (0.7iJ. to 1.3iJ.) 
merely stimulates the phosphor to re
lease as orange light (peaking at 640miJ.) 
the energy it has soaked up while lying 
around in white light. 

The pattern can be photographed 
from the phosphor on any panchromatic 

* Reason for the goggles: an unlucky reflected jolt of 
infrared can damage an eye with little immediate 
awareness. Putting your eye behind the sheet is even 
less lucky. 

an unsophisticated-looking receptor 
... keeping our weapons off the dinner table 

or color film but preferably one that 
comes in a yellow box. 

It is very easy to acquire 2" x 3' sheets of 
KODAK JR Phosphor. All you do is multiply 
the number you can use around the place by 
$25 and dispatch a purchase order valid for 
fhe product of these two numbers to Eastman 
Kodak Company, Apparatus and Optical 
DiI'ision, Rochester, N. Y. 14650. 

Blue dye 

KODACHROME Film can show a plague 
of locusts against a blue sky. Now please 
pay attention to a complex message. 

Nobody is cheering for the locusts. If 
it's we or they, we must win. Chemistry 
has provided effective weapons. Into the 
mouths of such mighty cannon we must 
be smart enough not to stick our own 
heads. In short, let's keep track of these 
potent pesticides so that we don't eat, 
drink, or breathe them. A contribution 
to this endeavor appears in Science, 139, 
835 in the form of a paper on Indophenol 
Blue as a color-fixing agent for halogen
ated aromatic hydrocarbons on paper 
chromatograms and spot tests. 

Now back to KODACHROME. 
The dye that gets cleverly laid down 

in the blue areas of a KODACHROME 
picture is-yes, you guessed it-]ndo
phenol Blue, now somewhat modified. 
Two of us did not guess it-the sales ex
ecutive who spotted the paper in Science 
and the chemist who was asked in 
consequence to make Indophenol Blue 
in happy innocence of its status as one of 
the company's most successful products 
for 29 years. Thanks to a mild silver 
oxidizing agent the chemist applied to the 
task in ignorance of the established manu
facturing procedure forthe dye, hewound 
up with an embarrassingly purer product 
than ever yielded by the method devel
oped by his boss's boss long ago, which 
was only as good as it had to be and 
carried our blue Technical Grade label. 

Now N-(p-Dimethyla m inophenyl)-l ,4-
naphthoquinoneimine bears a harder name 
to remember than Indophenol Blue, a white 
label signifying a purity that justifies a price 
of $7.00 for 5 g., and the designation EAST
MAN 478 that marks it as one of some 4400 
EASTMAN Organic Chemicals that profes
sionals order from List No. 43 of Distillation 
Products Industries, Rochester, N. Y. 14603 
(Division of Eastman Kodak Company). 

Prices subject to change withoUI Ilolia. 

2 (olors to wiggle in? 
We have made some 2-color oscillograph 
paper on a thin, quick-drying stock of 
high dimensional stability. 

Should we make some more? Would 
you buy any of it? 

Do you ever have trouble separating 
superimposed traces? 

Would you be willing to modify your 
conventional oscillographs by insertion 
of KODAK WRATTEN Light Filters be
tween lamps and galvanometer mirrors? 
Are you by chance an oscillograph man
ufacturer instead of a user? 

Are you a little more interested than 
when color oscillograph paper had to be 
thick and far more expensive than black
and-white paper? 

This? Or this? 
Do science and engineering benefit 

from this kind of small improvement in 
the tools of the trade? 

]s there an oscillograph-processing 
machine down the hall?]f not, why not? 
]f there is, would anybody mind if you 
slipped a different set of chemicals into 
the four tanks once in a while when you 
felt the need of color? 

Do you believe those tales about or
ganizations that seek out the brightest 
young engineers that money can lure 
and then put them to work with assorted 
crayons marking each of 50 separate 
channels of data on a 400-foot length of 
oscillogram? Do you believe in the dig
nity of labor? 

Is it enough to say that one seldom 
has occasion to demand higher trace
writing speed than this new 2-color paper 
can handle? And that it can be processed 
at 4 to 6 feet per minute? 

Do we pant too hard? 

How can we help you unless you ask a few 
questions of your own from Photorecording 
Methods Division, Eastman Kodak Com
pany, Rochester, N. Y. (Phone 716-562-
6000, Ext. 3257)? 

This is another advertisement where Eastman Kodak Company probes at random for mutual 
interests and occasionally a little revenue from those whose work has something to do with science 
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5677 A radiation focused by a lens within the cavity 

LASER RESEARCH REPORT 

Green Laser Transition 
from Singly Ionized Mercury 

The recent discovery of the first laser transitions in singly 

ionized atomsl is further evidence of the leading role being 

played by Spectra· Physics scientists in gas laser technology. 

This development is of significance in that it apparently frees 

the visible gas laser from the need for walls in close proximity 

to the discharge in order to maintain laser action. Other gas 

lasers have an inverse relationship between gain and diam· 

eter, necessitating narrow bore tubes and severely limiting 

the available power output. The new laser appears to dispose 

of its excess population by a combination of radiative cascade 

and recombination to the neutral atom, thus removing the 

wall·effect limitation. To date, the removal of this limitation 

has resulted in observed outputs in excess of 40 watts peak 

in pulses of at least three microseconds duration at a pulse 

repetition rate of 120 pulses per second. 

This research achievement is of further significance in that 

the shortest wavelength obtained from the Hg+ laser is the 

"first practical laser transition observed in the green portion 

of the visible spectrum (A = 5677 A), the region of peak sen· 

sitivity of most photo detectors. Other observed transitions 

include 6150A, 7346A, and 10,583A, each exhibiting similar 

high·gain performance. 

May we send you a technical reprintl or our latest gas laser 

product literature? Please address us at 1255 Terra Bella 

Avenue, Mountain View 2, California. 

'As reported by W. E. Sell in APPLIED PHYS· 
ICS LETTERS, January 15, 1964,"Visible 

Laser Transitions in Hg-+- ," 
Spectra-Physics 

of the earth's surface in former geolog
ic times. Adopting Professor Tyndall's 
views on the subje

'
ct of absorption of 

heat, he shows that during pal::eozoic 
times the presence of large quantities of 
carbonic acid in the ahnosphere was suf
ficient to prevent the rauiation from the 
earth of the heat ueriveu from the sun 
and thus to increase the temperature of 
our planet. vVe have every reason to be
lieve that uuring the earlier geological 
periods all that carbonic acid which we 
now have in our various limestones and 
as carbon in our coal formations was dis
tributed through the atmosphere. This 
having been the case, it is evident that 
the quantity of heat radiated from the 
earth during these epochs must have 
been vastly less than that which passes 
away in our times; hence the tempera
ture must also have been considerably 
higher, thus explaining why a vegetation 
like that of the Tropics once existed with: 

in the frigid zones. In fact, the carbonic 
acid surroundeu the earth like a huge 
protecting dome of glass." 

"Several of the French papers publish 
the following account: 'Recently a curi
ous spectacle collected 400 or 500 per
sons on the Place d'Ault, Department of 
the Somme. This was the trial of a me
chanical carriage, invented by the man 
who carries the mail between \,yoincourt 
and Ault. The carriage was arranged to 
be propelled by a screw driven by the 
wind. The departure was effected with a 
little difficulty in consequence of the hill 
which it is necessary to mount in order 
to reach the route from Saint-Valery to 
Eu. Arriveu there, however, the evolu
tions succeeded to a marvel, amid the 
applause of the curious who had fol
loweu the vehicle. But it was not the 
same in returning to Ault. The descent 
drew the carriage and its conductor with 
a speed equal to that of an express train, 
and this speed, which increaseu every 
moment, would infallibly have taken the 
car to the base of the coast had not the 
inventor deemeu it urgent for his safety 
to turn his locomotive against the end of 
a house which was by the side of the 
road. The gable was crushed in and the 
l'lIins fell upon a lot of rabbits which 
were below, killing some and wounding 
others. The inventor happily escaped 
uninjured.' " 

"A telegram has been received from 
Mr. Cyrus W. Field (who is now in Lon
don), stating that Messrs. Class, Elliot & 
Co. have chartered the Great Eastern for 
laying the Atlantic telegraph cable in 
1865." 
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VARIAN INSTRUMENTS AT WORK. 
VARIAN associates 
INSTRUMENT GROUP. PALO ALTO. CALIFORNIA 
IN EUROPE, VARIAN A.G .• ZUG. SWITZERLAND 

Fingerprints 
are un ique to each 
individual. Likewise, each 
organic compound gives an 
NMR spectrum entirely its 
own. You can tell a man by his 
prints; you can identify a compound 
by its NMR spectrum. Even a minute 
change in the structure of a compound 
creates a slightly different magnetic 
environment for the hydrogen atoms 
within a molecule, which the nuclear 
magnetic resonance spectrometer will 
detect and record. 

Varian NMR spectrometers can re
solve differences equal to 1 part in 
2 x 108. Comparing it to today's fine 
optical instruments, it is roughly 
equivalent to having a telescope which 
would let you distinguish one black 
cat from another near it on the surface 
of the moon! 

Such a powerful analytical tool has, 
of course, been used for many years by 
leading research laboratories around 
the world. Since the development of 
the Varian A-60 Spectrometer, how
ever, the use of nuclear magnetic reso
nance for routine analysis of organic 
compounds has grown steadily. 

In part, this increase is due to the fact 
that the A-60 is less expensive than the 
more powerful research spectrometer. 
But what's more important is the 
A-60's ease of operation. Because it 
provides reproducible spectra on pre
calibrated charts you can use the A-60 
to collect and catalog spectra for fast, 
routine identifications. 

You can get additional technical and 
applications data by writing LeRoy 
Johnson, A nalytical Instruments. 

When Varian 
scientists began their 
investigations into the uses 
of nuclear resonance, they 
unknowing ly committed 
Varian to the manufacture 
of electromagnets. 

It was a case of necessity in view of 
our interest in analytical instrumenta
tion. Experiments which involved 
observation of phenomena in intense 
uniform magnetic fields began to be 
limited by the quality of available 
magnet systems. 

In particular, we needed exceedingly 
stable fields which had high homoge
neity over a large experimental volume 
- prerequisites for advanced NMR 
studies. 

There was only one thing to do. We 
had to improve the state- of-the-art 
performance for large electromagnets. 

Since a wide variety of scientific in
vestigations needed similar high per
formance magnet systems, we formed 
a Magnet Product Group to make 
these products and skills available to 
the scientific community. 

As a result, V arian now offers an ever
growing line of magnet systems which 
range from a simple 4-inch 'c' frame 
magnet system through the 6-, 9-, 12-
inch and the high-field 15- and 22-inch 
magnet systems. This experience has 
also been applied to the development 
of unique high-performance super
conducting solenoid systems, and to 
the revolutionary new FIELDIAL * 

magnetic field regulator. 
For more information write Bob 

Abler, Magnet Products Manager. 

':'Trademark 

A geomagnetic 
micropulsat ion 
bears a remarkable analogy 
to a wind ripple o n  the 
ocean's surface. The vast mag
netic sea also has tides, cur
rents, squalls and storms just as do the 
earth's waters. The mere detection of 
these magnetic time variations pre
sents a serious challenge to the geo
physicist; their interpretation remains 
a complex puzzle. 

These are the longest electromagnetic 
waves known. Some stretch out 
18,600,000 miles, and the upper limit 
is still undefined. Despite their great 
length, the term micropulsation is 
applied due to their small amplitude. 
With the development of highly sensi
tive optically pumped magnetometers 
they can now be easily measured. 
Varian supplies these instruments to 
geomagnetic observers all over the 
world for use on land, on arctic ice, 
deep in the ocean, and in outer space. 

It is now possible to record total 
magnetic intensity and detect varia
tions in the magnetic field equal to 1 
part in 5,000,000. Using the principles 
of optical pumping, the versatile new 
Model V-4938 rubidium magneto
meter achieves this extreme sensitivity 
across a wide band of frequencies. 
Information can be recorded directly 
on paper chart or magnetic tape, or 
it can be transmitted from the observ
atory site to your data center. 

Many scientists will use magneto
meters in their studies during the mag
netically quiet, but scientifically active, 
International Year of the Quiet Sun. 
Would you like additional technical 
information? Write Sheldon Breiner, 
Instrument Special Products. 
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Why NCR is No.1 in Total System Capability. 

18 

Executives well-informed in the ways 
of electronic computers know that an 
EDP system is only as good as the in
put machines where the processing 
cycle begins. Input equipment must 
be fast, simple, easy to operate or the 
speed and efficiency inherent in the 
computer is limited. In computer jar
gon, this is called "input limited." 
D Many EDP manufacturers have great 
difficulty in solving their "input limit
ed "problems. Since they haven't been 
in the business of manufacturing a 
complete line of input machines, as 
NCR has, they must usually rely on 
duplicating data in a second operation 
with other devices. D NCR is not "in
put limited." And NCR'S answer is the 
most practical and economical. All 
NCR original entry equipment ... cash 
registers ... adding, bookkeeping and 
accounting machines ... can be linked 

to an NCR electronic computer system 
-or even someone else's computer_ 
NCR takes you all the way-captures 
the necessary information for linkage 
to a computer as a by-product of re
cording the transaction at the source. 
D For example, the On-Line Savings 
System for banks. The teller's machine· 
(input device) is linked directly to 
an NCR 315 Computer (maybe miles 
away) that instantly verifies a trans
action, transmits data back to the 
teller's machine which then updates 
the passbook (output). One uninter
rupted process that takes only seconds. 
This is an excellent illustration of 
what we mean by total system capabil
ity. D Also, a retail store can now auto
mate their sales records, inventory 
and accounts receivable ... and data 
enters the system when the sale is re
corded. For example, as a by-product 

THE NATIONAL CASH REGISTER COMPANY 

of recording sales, punched paper 
tape or optical journal is produced 
which can be processed directly by a 
computer. D NCR users do not have to 
duplicate original entry information. 
D NCR users are also dealing with a 
company that has been designing busi
ness systems for over 80 years. Experi
ence that counts for a lot in creating 
the total system "software package " 
that goes with an NCR EDP System. 
COBOL and NEAT, for instance, and 
other advanced programming tech
niques are available now. And 7500 
servicemen keep NCR products "on 
the air." D If you're in banking, in
dustry, retailing, government or edu
cation and thinking EDP, think in 
terms of total system and call your 
local NCR representative or.NCR, Day
ton 9, Ohio. D And see the NCR Pa
vilion at the World's Fair, New York. 

® 
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WHAT'S 
IN THE AIR 
FOR 
ASTRONAUTS 

Hundreds of contaminants, 
many toxic, can be present in 
a capsule's atmosphere. Even 
ordinary materials like plas
tics can produce dangerous 
out-gassing under extreme 
heat or shifts in barometric 
pressure. The vital job of 
continuous atmosphere moni
toring on extended space 
flights is an application for 
gas chromatography, a versa
tile technique that can meas
ure multi-components in the 
p a r t s  p e r  m i l l i o n  l e v e l  
quickly. Perkin-Elmer has pi
oneered the development and 
made important advances in 
chromatography for indus
trial and research use. It now 

is applying this capability, 
plus its understanding of 
space system packaging, to 
capsule atmosphere monitor
ing, planetary surface and 
atmosphere analysis and other 
sophisticated space science 
efforts. Gas chromatography 
i s  a n o t h e r  e xa m p l e  o f  
Perkin-EImer's dedication to 
the development of instru
mentation for precise meas
urement in the interest of 
industry, science and defense. 
Perkin-Elmer Corporation, 
Norwalk, Connecticut. 

PERKIN-ELMER 
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this is the way the 
cookie crumbles 

You don't always see the Geon latex in a 

product, but the improvement it adds is 

clearly evident. As a coating for food pack· 

ages, it keeps moisture out, flavor in. On 

fabric, it increases toughness consider· 

ably. Several materials, each coated with 

Geon latex, can be fused into a single 

structure. As a paper coating, it adds ex· 

cellent resistance to water, moisture, abo 

rasion, oils, solvents and tearing. Whatever 

you need in a coating, it will be worth 

while to look into Geon latexes. For com· 

plete information, write 

B. F. Goodrich Chemical 

Company, Dept. EA-3, 

3135 Eu c l i d  A v e n u e, 

Cleveland, Ohio 44115. 

In Canada: Kitchener, Ont. 

B.EGoodrich Chemical 
a d'VISIon of The B.F.Good"Ch Company 
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THE AUTHORS 
FRANK B. BRADY ("All-Weather 

Aircraft Landing") is director of the au'
port equipment programs in the Re
search and Engineenng Branch of Gen
eral Precision, Inc. Brady studied radio 
and electrical engineering at the Uni
versity of Cincinnati from 1933 until 
1939, when he joined the Aircraft Ra
dio Laboratory at Wright Field in Day
ton, Ohio. At Wright Field he helped 
to develop ultrahigh-frequency and mi
crowave equipment for aircraft approach 
and landing. This work led to an as
signment as project engineer for the 
development of the airborne-receiver 
portion of an early military version of 
the present Instrument Landing System 
(ILS). In 1943 Brady directed the estab
lishment of a prototype all-weather air
way from Mitchel Field in New York 
to Harmon Field in Newfoundland. In 
1944 he was sent to Europe by the Air
craft Radio Laboratory to conduct joint 
British-U.S. trials on the first complete 
prototype of ILS. These tests resulted 
in the adoption of this system by 
the U.S. Strategic Air Force in Europe 
and by the Royal Air Force. After the 
war Brady returned to Wright Field, 
where he continued his work on elec
tronic navigational and instrument-land
ing aids. In 1946 he became a member 
of the original Air Navigation Traffic 
Control Group of the Air Transport As
sociation. During his 10-year stay with 
this organization he helped to introduce 
ILS into commercial airline operations 
and formulated national and interna
tional standards for electronic and visual 
aids to air navigation. Brady joined the 
staff of General Precision in 1957. 

A. 1. BRAUDE ("Bacterial Endotox
ins") is professor of medicine at the Uni
versity of Pittsburgh School of Medi
cine and director of microbiology at 
the Presbyterian-University Hospital. 
Braude received a B.S. and an M.D. 
from the University of Chicago in 1937 
and 1940 respectively. During World 
War II he served in the Army Medical 
Corps as a medical laboratory officer in 
India and in the Caribbean area. After 
the war he did research on the causes of 
undulant fever and other infectious dis
eases in the laboratory of \V'esley W. 
Spink at the University of Minnesota, 
where he received a Ph.D. in 1950. He 
taught medicine at the University of 
Michigan from 1950 to 1953, when he 
was appointed associate professor of 
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Scientists form a higher per

centage of Colorado's popu

lation than in other states. 
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survey of college graduates 

shows Denver one of three pre
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medicine at the Southwestern Medical 
School of the University of Texas. Dur
ing this period he also worked as a bac
teriologist at Parkland Memorial Hos
pital in Dallas. He joined the Pittsburgh 
faculty in 1957. 

JAMES R. WEEKS ("Experimental 
Narcotic Addiction") works in the Phar
macology Research Laboratories of the 
Upjohn Company in Kalamazoo, Mich. 
After obtaining a B.Sc. in pharmacy 
from the University of Nebraska in 
1941, Weeks served for four years as an 
officer in the Army Chemical \Varfare 
Service. He returned to the University 
of Nebraska after the war and received 
an M.S. in pharmacology there in 1946. 
He acquired a Ph.D. in pharmacology 
from the University of Michigan in 
1952. Weeks joined the faculty of the 
College of Pharmacy at Drake Univer
sity in 1950 and was professor of phar
macology at that institution when he 
left to become a research associate at 
Upjohn in 1957. In addition to his work 
on narcotic addiction, Weeks does re
search mainly on hypertension and arti
ficial heart stimulants. 

REGINALD E. NEWELL ("The 
Circulation of the Upper Atmosphere") 
is assistant professor of meteorology at 
the Massachusetts Institute of Technol
ogy. Newell was born in Peterborough, 
England, in 193 1 and received a B.Sc. 
in physics from the University of Bir
mingham in 1954. He came to this 
country in 1954 to study meteorology at 
M.l.T., where he acquired an S.M. and 
an Sc.D. in 1956 and 1960 respectively. 
His doctoral work was on the applica
tion of weather-radar and radioactive
tracer information to the study of large
scale atmospheric circulation. He took 
up his present post in 1961. 

LAWRENCE CRANBERG ("Fast
Neutron Spectroscopy") is professor of 
physics at the University of Virginia. 
Cranberg was graduated from the City 
College of the City of New York in 
1937 and acquired an A.M. from Har
vard University in 1941. He received 
a Ph.D. in physics from the University 
of Pennsylvania in 1949. From 1940 to 
1946 Cranberg worked as a physicist at 
the Engineering Laboratories of the 
U.S. Army Signal Corps in Belmar, N.J., 
where he helped to develop infrared 
communication and detection devices 
for military use as well as an experimen
tal infrared obstacle-detector for the 
blind. In 1950 he joined the staff of the 
Los Alamos Scientific Laboratory, where 
the system for fast-neutron spectroscopy 

AD Cycloptics deliver critical performance 
in Litton Systems' Super Clean Room 

Litton Systems (Canada), Limited, manufactures gyroscopes and 

accelerometers for their inertial guidance systems, in this super-clean 

room under the most critically controlled assembly environments in 

Canada. Meticulous attention is given to every production detail to 

insure absolute reliability in the finished product. That's why they 

use American Optical stereoscopic microscopes for this difficult assem
bly operation. Each instrument is equipped with AO's exclusive Verti

cal Illuminator which directs bright shadow less light down inside 

small unit apertures. The minute parts and small tools are brightly 

illuminated and crisply magnified into working size dimensions. Long 

working distance provides ample room for the operator's hands and 

complicated tool movements. 

If you have a production problem that stereoscopic microscopes would 

help, call your AO Sales Representative or write for further informa

tion. There's no obligation, of course. 

American � Optical 
COMPANY 

INSTRUMINT DIVISION, BUFFALO 15, NEW YORK 

IN CANADA write - P. O. Box 130, Postal Station R, Toronto 17, Ontario 
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50% less fiddling 
Why string along with old-fashioned drawing board techniques? 
Now you can change your tune, and cut fiddling time in half with 
the Chart-Pak tape method of drafting and visual communication. 
Chart-Pak pre-printed, pressure-sensitive tapes and symbols pick 
up the tempo of such slow-moving projects as cross-hatching, 
filling-in, shading and repetitive drawing. 

A complete repertoire of pressure-sensitive, heat-resistant tapes, 
templates, letters, numerals and symbols - in a variety of finishes, 
a gamut of sizes, and a symphony of 16 colors - converts the 
draftsman into a virtuoso of the drawing board. 

There are scores of uses for the Chart-Pak tape method . 

PERT charts, bar charts, statistical charts, printed circuit masters. 
Write for the full story. We'll send our 1964 Chart-Pak general 
catalog and a sample swatch of precision-slit, pressure-sensitive 
tape will accompany it. No strings attached. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ..... . . . . . . . . . . .... . .. . . . . . .  
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CHART - PAK, INC. 

120 RIVER ROAD 
LEEDS, MASSACHUSETTS 

Bravo! We're ready to change our tune. , 
Send your new Chart-Pak general catalog 
and a sample swatch of tape. 

Name ____________ _ 

Title _________ Dept. __ _ 

Company ___________ _ 

Address ___________ _ 

City ________ State ___ _ 

Application __________ _ 

described in the present article was put 
into operation. 

BENTON J. UNDERWOOD ("For
getting") is professor of psychology at 
Northwestern University. A graduate of 
Cornell College in Iowa, Underwood re
ceived an M.A. from the University of 
Missouri in 1939 and a Ph.D. in psy
chology from the State University of 
Iowa in 1942. He taught experimental 
psychology at George Washington Uni
versity from 1945 to 1946, when he 
joined the Northwestern faculty. From 
1953 to 1957 he was a member of the 
research evaluation panel of the Nation
al Science Foundation. 

ALBERT B. STEWART ("The Dis
covery of Stellar Aberration") is profes
sor and chairman of the department of 
physics at Antioch College. He is also 
chairman of the educational policy com
mittee at Antioch. A graduate of Anti
och, Stewart acquired a Ph.D. in physics 
from Johns Hopkins University in 1948; 
he joined the Antioch faculty later that 
year. His own research has centered 
mainly on audio-frequency oscillations 
generated by gaseous conductors. He 
became interested in the subject of the 
present article, he writes, "when a per
sistent student in a course I was teach
ing for upper-class students of the 
humanities and social sciences made me 
uncomfortably aware that I did not 
know just how Bradley made his ob
servations that established aberration 
to a half-second of arc." 

w. R. A. MUNTZ ("Vision in Frogs") 
is a research fellow at St. Catherine's 
College of the University of Oxford. He 
also works at the Institute of Experi
mental Psychology at Oxford. A native 
of New Zealand, Muntz acquired a B.A. 
and a D.Phil. from Oxford in 1958 and 
1962 respectively. His summers as a 
student were spent mostly at the Zo
ological Station in Naples doing re
search on the behavior of the octopus; 
he received his doctorate on the basis of 
this work. In 196 1 he spent six months 
at the Research Laboratory of Elec
tronics at the Massachusetts Institute of 
Technology, where he first became in
terested in frog vision. His research at 
Oxford on the development of vision in 
various amphibians is supported in part 
by the Nuffield Foundation and also by 
the U.S. Office of Naval Research. 

MAX BLACK, who in this issue re
views Aldous Huxley's Literature and 
Science, is Susan Linn Sage Professor of 
Philosophy at Cornell University. 
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on target with solar power - America scored a space first when the Air Force successfully launched 

its Project EROS (Experimental Reflector Orbital Shot) and orbited the world's first solar collector. Built 

by Allison, the collector unfolded itself in space ... was kept aligned with the sun's rays for about one 

minute during each orbit by a single-axis sun tracking system. The intense heat built up by the col

lector provided proof-of-principle data that energy collected in space can operate Allison research devices 

like the Stirling engine and liquid metal cell. The ability to turn principle into practice is another talent 

that keeps our other programs ... including significant aerospace and nuclear projects ... on target. 

Allison. 
THE ENERGY CONVERSION DIVISION OF 
GENERAL MOTORS, INDIANAPOLIS, IND. 
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Raytheon develops telecommunications systems 
for world-wide applications 

To help satisfy man's rapidly growing 
need and desire to communicate, Ray
theon has for the past three years been 
developing a broad new line of high 
performance telecommunications equip
ment for the processing and transmission 
of voice, television and data. 

A transcontinental radio system, for 
example, will handle 1200 simultaneous 
conversations or high-fidelity television 
and sound. Designed to exceed the inter
national standards of the Comite Con
sultatif International de Radio, the new 
Model RM1-C equipment uses solid-state 
circuitry in all of its common equipment. 

For regional communications systems, 
a SOO-voice channel equipment (Model 
RS-1C) is a true state-of-the-art design. 
Completely transistorized, it provides low 
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power consumption, high reliability, com
pactness and all the maintenance ad
vantages of modular construction. 

To perform the combining functions 
necessary for simultaneous voice trans
mission over these and other radio sys
tems, Raytheon has developed the Model 
TMS-2 multiplex equipment. By using 
frequency division techniques, the equip
ment provides up to 2700 channels for 
voice or data transmission over wire 
lines, cable or microwave radio. 

The principal product of Raytheon's 
telecommunications line has long been 
the Model KTR television microwave 
relay equipment. Widely used through
out the television industry, the KTR pro
vides reliable transmission of color and 
black and white television together with 

high-fidelity sound. There are presently 
over 1200 installations of this equipment 
throughout the world. 

The extraordinary growth of data 
communications dictates the need for 
improved equipment designed to handle 
information in this form. Raytheon's 
experience in designing pulse code 
modulation systems for military applica
tions will have direct bearing on commer
cial systems of this type. 

All of these equipments, combined 
with Raytheon's acknowledged engineer
ing skills and systems management ex
perience, are increasingly being applied 
to the solution of telecommunications 
problems around the world. 

Raytheon Company, Lexington, Mass. 

tRAYTHEON) 
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All-Weather Aircraft Landing 

Jet aircraft are now routinely landed with the help of instruments 

when visibility is only half a 1nile. The traditional goal of fully 

automatic landings under any conditions, however, is still elusive 

O
n September 24, 1929, James H. 

Doolittle landed a Navy training 
plane at Mitchel Field on Long 

Island solely by reference to instruments. 
Many people thereupon assumed that 
the problem of "blind landing" had basi
cally been solved. Now, more than three 
decades later, any experienced air trav
eler has been delayed often enough by 
bad weather to know that this conclu
sion was, to say the least, premature. In 
spite of the many remarkable advances 
that have been made in aircraft instnl
mentation, Doolittle's feat is still not 
routinely performed. 

A comparison of his landing with a 
typical bad-weather landing by one of 
today's jet transports will help to explain 
why. Doolittle's aircraft, a highly maneu
verable single-engine biplane, weighed 
only a few thousand pounds. His cock
pit was fitted with an opaque hood that 
effectively prevented outside vision. 
Doolittle was not alone, however: an
other experienced pilot sat in an open 
cockpit ready to take over if anything 
went wrong. Although the flight pro
cedure was simple, it required the ut
most skill with the instruments then 
available. Doolittle descended to about 
200 feet and aligned his aircraft care
fully on a radio beam while in level 
flight. After passing a radio marker at 
the edge of the landing field he de
scended at 600 feet per minute until the 
altimeter showed 50 feet. He then flat
tened his angle of approach so that he 
could touch down at 400 feet per min-

by Frank B. Brady 

ute on a broad, level, grassy field. Doo
little himself described the final ap
proach and landing as "sloppy." 

The commercial jet transport weighs 
more than 200,000 pounds and, com
pared with the little trainer, responds 
somewhat more slowly to its controls. 
The pilot has full responsibility for the 
safety of perhaps 150 people, which 
does not add to what one British airline 
pilot aptly called his "tranquillity of 
spirit." He approaches the airport at 175 
miles per hour, sinking at a rate of near
ly 700 feet per minute. Another jet is 
probably landing just ahead of him and 
another is behind. He is not engaged in 
an experiment-he is on instruments be
cause the weather is bad. The approach 
and landing are intricate operations in 
which the pilot checks off dozens of in
strument readings and control settings 
on a long list, including the lighting of 
the "No smoking" and "Fasten seat belt" 
signs. He has to refer to a complex ap
proach chart [see illustration on page 
34], concentrate on instructions from 
the airport control tower and continue 
to observe his instruments. He is pre
pared to react to sudden gusts of wind 
and other unpredictable events. Even 
at the best-equipped airports he is per
mitted to continue his approach only if 
he can see enough on reaching an alti
tude of 200 feet to complete his landing 
visually. There is no question of landing 
on a broad field-his huge craft is either 
lined up with the center of the 150-foot
wide runway or he must pull up. 

Near the threshold of the runway and 
less than 10 seconds from touchdown he 
begins a "flare" maneuver by curving 
the flight path to make his angle of de
scent almost horizontal and to lessen the 
rate of descent to 200 feet per minute. 
One or two seconds before touchdown 
he must usually "kick out drift," or 
"decrab," in order to turn the aircraft 
away from its position facing somewhat 
into a cross wind and to line it up per
fectly with the runway. He hits the 
ground at 135 miles per hour. 

Safety, of course, is the most impor
tant consideration in aircraft land

ing. Had Doolittle's procedures and 
equipment been applied to routine op
erations flown by pilots of varying de
grees of skill and under adverse weather 
conditions, it is likely that accidents 
would have resulted-perhaps one in 
1,000 such landings. In terms of the 
present tremendous volume of aircraft 
operations, which in the U.S. includes 
more than a million instrument ap
proaches each year, such an accident 
rate would be totally unacceptable. An 
analysis of accidents involving sched
uled air carriers in the U.S. during 1959, 
1960 and 1961 has shown that more 
than 20 per cent of all major landing 
accidents took place during less than 2 
per cent of the time, when ceiling and 
ground visibility were near the mini
mums permitted. In 1963, however, not 
one of the total of four fatal accidents 
from all causes involving scheduled air 
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APPROACH AND RUNWAY LIGHTS at Kennedy International 

Airport in New York were photographed on a clear night. The 

groups of five lights in the lower three-quarters of the photograph 

are approach lights. Flashing lights of the approach lane do not 

show. The runway is marked by edge lights and by the "narrow 
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gauge" pattern of three lights on each side of the center. The lat

ter are flush with the pavement, as are the center-line lights that 

here begin where the narrow-gauge lights stop. Dim lights curv

ing to left off center line mark route to taxiway and help the 

pilot to clear the instrument runway quickly for the next aircraft. 
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carriers in the U.S. appears to have 
been related to poor visibility during 
landing. This is an impressive record. 

The vast improvement in sensing, 
communication and control devices for 
aircraft since 1929 has been matched by 
the explosive growth in the quantitative 
aspects of air transport: the number, 
speed, size and complexity of aircraft. 
Although it has been made possible for 
even the fastest modern airplanes to 
land with lower and lower ceilings and 
less and less visibility on the ground, 
true blind landing not only has never 
become routine but also is not expected 
to be routine in the near future. None
theless, experimental automatic land
ings are made successfully almost every 
day with many types of aircraft. Fur
ther improvement in electronic systems, 
visual aids, instrumentation, weather 
reporting and pilot training will make 
safer landings possible under even poor
er visibility conditions. Eventually pilots 
may accept fully automatic landing if 
they are convinced of its reliability and 
if they have dependable instruments that 
enable them to monitor the entire opera
tion visually so that they can intervene 
when necessary. 

Before any new systems can be placed 
in operation, however, difficult econom
ic and administrative barriers must be 
overcome. The cost of equipment for 
automatic landing rises almost expo
nentially as the capability approaches 
true blind landing. Possibly even more 
important, all instrument-landing sys
tems require a high degree of technical 
compatibility between ground and air
borne equipment. Even a minor im
provement may involve conferences 
among the 101 nations that belong to 
the International Civil Aviation Organi
zation, followed by changes at hundreds 
of airports and in thousands of aircraft. 
Because of the global character of air 
operations standardization is often pref
erable to technical improvement. 

I n aircraft and airports throughout the 
world the basic approach system is 

ILS; the letters stand for Instrument 
Landing System, a misnomer because by 
itself it does not enable the pilot to land 
blind. Rather, it provides him with in
formation he needs for a blind approach 
to the airport. ILS grew out of develop
ments that began before World War II. 

Several elements make up the system. 
The first is a "localizer" course-a radio 
beam fOlmed by two audio-modulated, 
overlapping frequency patterns project
ed along the center line of the runway. 
The pilot normally attempts to intercept 
the beam six to eight miles from the 

touchdown point, at an altitude of 1,000 
to 1,500 feet. About five miles from 
touchdown the aircraft reaches the 
"outer marker," a radio beacon that 
turns on a slowly flashing purple light 
on the instrument panel and produces a 
distinctive tone in the radio headset. 
This notifies the pilot that he should be 
picking up the second major element of 
ILS: the "glide slope," a radio beam de
fining a straight descent path to the run
way. In the cockpit a single instrument, 
known in its simplest form as the "cross
pointer indicator," shows the pilot his 
position in relation to the localizer and 
glide-slope beams [see top illustration 
on page 30J. At a height of about 200 
feet a rapidly flashing amber light goes 
on and another tone sounds in the head
set, infOlming the pilot that he is pass
ing the middle marker. Here, with 15 
to 20 seconds and less than a mile to 
touchdown, the pilot must be able to go 
off instruments and proceed by sight or 
he has to pull up. (The U.S. has elected 
not to use an inner marker.) 

A product of wartime is Precision Ap
proach Radar (PAR), also known as 
Ground Controlled Approach (GCA). 
It is now available at many of the busier 
airports. A complete approach system in 
itself, it can be used independently of 
ILS. It consists of two radar systems, 
each with a flat "fan" beam. One swings 
like a diving board through a vertical 
arc, the approximate midpoint of which 
defines the angle and path of descent. 
Radar echoes returned from the air
craft appear in the control tower on a 
radarscope in an elevation view that 
shows the position of the plane in rela
tion to the desired descent path. The 
other radar beam swings like a ship's 
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rudder through a horizontal arc. Its 
echoes are presented in a separate dis
play on the same radarscope, show
ing a plan view of the position of the 
aircraft with respect to the center line 
of the approach path. The controller in 
the tower can detect even minor devia
tions from the correct path and also the 
distance of the aircraft from touchdown. 

When PAR is the primary approach 
system, the controller gives the pilot a 
running verbal account of his deviations 
from the correct flight path and pro
vides him with heading and descent in
formation that will return him to the 
correct path. When used with ILS, PAR 
serves as a monitor and the controller 
advises the pilot whenever he has 
strayed too far from the path. 

When it became apparent after World 
War II that routine blind landings 

of commercial transports would not be 
feasible in the near future, new empha
sis was placed on visual aids for the pilot 
at the airport. Numerous lighting sys
tems were proposed, and after a sur
prising amount of controversy one was 
finally adopted. In the U.S. the system 
consists of a series of 14-foot bars, each 
bearing five steady lights, spaced 100 
feet apart for a distance of 3,000 feet 
from the start of the runway. The bars 
are mounted at right angles to the 
center line of the runway; under pres
ent minimum weather conditions they 
should come into view before the air
craft reaches the middle marker. 

On a line with the steady lights is a 
series of high-intensity flashing lights 
that go on and off in such a way that 
they give the illusion of a white-hot 
ball racing down the lane of approach 

o-�--------�--------�--------�--------�-------
1959 1960 1961 1962 1963 

ESTIMATED MONETARY LOSSES to airlines resulting from flight-schedule disruptions 

by bad weather are shown for five years. Losses in passenger revenue due to decreased 

demand are shown in gray. The costs of landing accidents are given in light color and 

increased costs due to flight delays, cancellations and diversions are shown in dark color. 

27 

© 1964 SCIENTIFIC AMERICAN, INC



lights to the threshold of the runway. 
The "ball" makes the 3,000-foot trip 
twice a second. Its purpose is to assure 
the pilot that he is seeing approach 
lights and not some other kind. 

The bright approach lights caused 
pilots to complain that in bad weather 
the runway itself was a "black hole," 
delineated only by relatively dim lights 
along its edges. New standards call for 
lights flush with the pavement of the 
runway, both along its center line and 
in what is called a narrow-gauge pattern. 
This pattern consists of two rows of 
medium-intensity lights parallel to the 
center line at a distance of 30 feet on 
each side of the line and spaced at 100-
foot intervals. So far only a few airports 
have complete installations. The center
line lights are also used to guide the 
pilot off the runway onto the taxiway 
to the terminal, an important contribu
tion to clearing the instrument runway 
for the next airplane [see "Air-Traffic 
Control," by Seymour Deitchman and 
Alfred Blumstein; SCIENTIFIC AMERI
CAN, December, 1960]. 

In addition to the lights, various bold 
patterns of parallel stripes, dashes and 
other markings are painted on the run-

� LOCALIZER � TRANSMITTER 
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�W(j �'ILt '.�� LOCALIZER 

" ANTENNAS 

way to identify it, to show the center 
line and the edges of the runway and 
distances along it. Under certain day
time fog conditions these patterns can 
be seen when lights are completely in
effective. 

If a pilot is to make an instrument 
approach in minimum weather, he must 
know in advance the conditions he can 
expect when he breaks through the ceil
ing. Two ground devices-a ceilometer 
for measuring the height of the ceiling 
and a transmissometer for determining 
visibility distance along the ground
provide most of this information. 

The rotating-beam ceilometer, which 
is near the middle marker, employs a 
narrow searchlight beam that rotates 
in a vertical plane. On the ground about 
400 feet away a photosensitive detector 
is aimed at the zenith. As the beam 
sweeps overhead, fog or low clouds re
flect its light to the detector. The height 
of the ceiling, which is the bottom of 
the cloud or fog, determines the angle 
of the beam. As the ceiling drops, the 
beam will be at a lower angle to the 
horizontal when the detector registers 
the maximum amount of reflected light. 
The height of the ceiling is then derived 

by triangulation from the known angle 
of the beam and the distance along the 
ground from the searchlight to the de
tector. 

The transmissometer consists of a 
horizontal light projector aimed at a de
tector 500 feet away on a line parallel 
to the edge of the runway. The detector 
compares the amount of light it is re
ceiving with the amount it receives un
der ideal conditions, and the resulting 
figure is converted to range of visibility. 
Both the ceilometer and the transmis
someter operate by day as well as by 
night. 

.N the problems of making runways 
more visible were being solved, de

velopment engineers did not give up the 
idea of automatic approach and landing. 
Thinking in such terms yielded an un
expected bonus in improved instrumen
tation for manual flight. The system, 
known as Flight Director, uses ILS 
transmissions and relieves the pilot of 
much of the strain of manual instrument 
approach. One of the two Flight Direc
tor instruments shows the aircraft head
ing and the displacement from the 
localizer beam. The other instrument 

FLUSH CENTER- LINE LIGHTS NARROW-GAUGE liGHTS 

COMPLETELY EQUIPPED RUNWAY, as shown in this dia

gram, is used by jets landing with a minimum ceiling of 200 feet 

and minimum visibility along the runway of half a mile. The 

localizer heam is represented by lightest color and the glide. slope 

beam by light gray. The middle marker is shown by hatching. 

These radio beams are part of the Instrument Landing System 
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resembles the older attitude indicator 
known as the artificial horizon but in
cludes pointers that tell the pilot how 
much to tilt the nose of the aircraft up 
or down or to steer right or left in order 
to get onto the localizer beam and glide 
slope. Thus the pilot always knows his 
position in relation to the approach 
course as well as what he must do to 
get on course. This frees some of his 
attention for dealing with other matters. 
Flight Director is now standard in most 
airline jets. It is a prerequisite for per
mission to land at the lowest ceiling and 
visibility minimums unless the auto
matic pilot has been coupled to the ILS 
instruments for the approach. 

Recently two systems that depend 
on ILS transmissions have been devel
oped in an attempt to solve the critical 
problem of the transition from instru
ments to visual flight at the low altitude 
of 200 feet. One system presents the 
pilot with a pattern of lines, apparently 
outside the windshield, to represent the 
runway center line and the horizon. By 
guiding the aircraft to keep a mark be
tween two reference points the pilot 
can also follow the glide slope. The pro
jected lines are in register with the ac-

� GLlDE·SLOPE t ANTENNA � AND ,,� r' TRANSMITTER 

p � 
TRANSMISSOMETER 

tual runway when it finally comes into 
view. 

The second version, developed in 
England, represents a completely new 
kind of instrument and is quite interest
ing from a psychological point of view. 
Called the Para-Visual Director, it con
sists simply of small units resembling 
barber poles, one mounted vertically at 
about shoulder height on each side of 
the pilot and one mounted horizontally 
below eye level in front of him. (A U.S. 
version uses only one composite unit in 
front of the pilot.) The side units rotate 
together, and through his peripheral 
vision the pilot sees them apparently 
moving either forward or backward. To 
get the plane on course and stop the 
motion, he simply moves the controls in 
the direction of apparent movement of 
the barber poles. The craft is then mak
ing the proper climbing or descending 
maneuver. The unit in front provides 
information for making the turn needed 
to bring the plane in line with the cpurse; 
the pilot turns his wheel in the direction 
of apparent motion until this pole too 
stops moving. Surprisingly enough, the 
pilot never has to look directly at these 
instruments. He gets their message quite 

forcefully while looking at other instru
ments or out through the windshield. In 
the U.S. extensive tests are il0W being 
made with the Para-Visual Director, 
which has aroused considerable interest 
in a comparatively short time. 

In addition to ILS and the instru
ments employing it, another device has 
played a key role in aircraft operations. 
This is the altimeter, a sensitive baro
metric device that has changed little 
since it was developed in the early days 
of flying. Just before descending, the 
pilot receives a barometer reading taken 
at the control tower so that he can set 
his altimeter to give an accurate read
ing near the ground. In the later stages 
of low approach this assures him that he 
is not descending below the minimum 
permitted height before seeing the 
ground. The barometric altimeter is fre
quently in error by as much as 40 feet 
under landing conditions, and more ac
curate instruments are needed for oper
ations at lower minimums than those 
permitted at present. Experimental au
tomatic landing systems now employ ra
dio or radar altimeters, which can be 
made accurate to within one foot at low 
altitudes if there is a smooth surface 

THRESHOLD 
LIGHTS 

DETECTOR �� PROJECTOR 

CEILOMETER 

(lLS). The pilot must be able to see the approach lights when 

he is no lower than 200 feet or he cannot land. The ceilometer 

and transmissometer measure the height of the ceiling and the 

visibility distance along the runway. Precision Approach Radar 

(PAR) lets the control tower monitor approach of the aircraft 

and can be used by itself as an instrument-approach system. 
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INSTRUMENT LANDING SYSTEM was standardized through

out the world after World War II. The localizer beam (color) is 

used to line up the plane with the center of the runway. Glide-

PRECISION APPROACH RADAR has horizontal scanning beam 

(color) and vertical scanning beam (gray). The radarscope shown 

at lower left is in control tower. There a controller can watch 

MICROWAVE SYSTEM, still experimental, would send out 

beams from fast-moving antennas. Each beam would carry pulses 

coded to tell angle of antenna at time beam was sent. Aircraft 
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rffiI 
� 

slope beam (gray) provides descent path to runway. Its tilt, 

which is only two or three degrees, is exaggerated here. At upper 

right is the ILS cross-pointer indicator, which is in the aircraft. 

tbe progress of the aircraft and direct the pilot verbally to keep 

him on the correct path. PAR is used in conjunction with ILS 

for landings by jet transports in conditions of minimum visibility. 

instrument on right at upper right shows distance of touchdown. 

Radarscope in control tower is shown at lower left. Heavy black 

line marks flare path programed into computer in the aircraft. 
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directly under the aircraft. For this rea
son they are used mainly over runways. 

Aircraft engineers have long dreamed 
of using the automatic pilot, which 
became standard equipment in early 
transport planes in the 1930's, for auto
matic approach and landing. Actual 
touchdown landings were made with a 
radio-controlled autopilot as early as 
1937, but the system was crude com
pared with today's requirements. The 
coupling device mentioned earlier, how
ever, links the autopilot with ILS sig
nals from the ground, making possible 
automatic approach. The landing itself 
still has to be accomplished visually 
and manually by the human pilot. Al
though several major airline fleets have 
carried coupling equipment for years, 
a lack of standardization has made its 
performance unpredictable. Criteria 
evolved recently have led to a program 
to standardize adjustment of both 
ground and airborne equipment. This 
program will guarantee the pilot an 
acceptable automatic approach in spite 
of great differences in airport charac
teristics and wide variations in wind 
conditions. 

The introduction of automatic ap
proach and landing into airline opera
tions has been hampered somewhat by 
the pilots' understandable desire to 
maintain their landing proficiency. With 
operating costs of large jets now near
ing $1,000 per hour, practice approaches 
and landings must be used to the best 
over-all advantage; there is some reluc
tance to give up a practice landing in 
favor of watching the automatic system 
do it. A pilot on long transcontinental or 
overseas flights can easily put in a full 
month of flying time with only a few 
landings, most of them not involving 
instrument approaches. Fortunately jet
transport simulators on the ground can 
now provide an astonishingly realistic 
imitation of all kinds of flying conditions 
and aircraft responses, and airlines often 
operate these units 16 hours a day to 
keep their pilots in practice. 

When jet transports were introduced 
in 1958, the problem of bad-weather 
landing became acute. These huge, fast
landing airplanes originally were not au
thorized to land at the same visibility 
minimums as piston-engine craft. If the 
weather closed an airport such as New 
York (now Kennedy) International Air
port, thousands of passengers were land
ed "nearby" in Boston, Montreal, Phila
delphia and Baltimore. The expense 
and inconvenience of processing them 
through inadequate customs facilities, 
of feeding and lodging them and of ar
ranging for ground transportation be-
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· ... /RUNWAY 
"lo�" " 

MIDDLE 
MARKER 
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FLIGHT DIRECTOR INSTRUMENTS are the Horizon Director Indicator (upper right in 

each panel) and Course Deviation Indicator (lower right in each panel). In top panel 

they show aircraft to right of glide slope, as seen in plan view from above (left). It is also 

below the slope. Command bar (color) of horizon indicator tells pilot to turn right and 

go up. Course indicator shows him his position in relation to glide·slope and localizer 

beams. In middle, the aircraft is almost on course. At bottom it is fully on course. 
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LOCALIZER·BEAM ANTENNAS of the Instrument Landing 

System send out radio signal in line with center of runway. These 

COCKPIT OF JET TRANSPORT contains numerous complex 

instruments and controls overhead and on panel in front of pilots. 
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units are at far end of an instrument runway at Kennedy In. 

ternational Airport. They are low so as not to be obstructions. 

The controls for the automatic pilot are between the two seats. 

The pilots cannot see what is above or directly below the aircraft. 
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came almost overwhelming. Passengers 
were bitter. The Federal Aviation Agen
cy and the airlines together developed a 
program to lower jet-landing minimums 
to those of piston aircraft. This level of 
performance, called Airline Category I, 
has been achieved by improved pilot 
training, Flight Director instrumenta
tion or automatic-approach equipment 
in aircraft and mandatory use of high
intensity approach lighting and run
way lighting. 

The next step, Airline Category II, 
will cut weather minimums to approxi
mately half their present value. To 
achieve this level of performance many 
airlines will use automatic approach, al
though Flight Director can also reach 
the minimums. Both center-line and nar
row-gauge runway lighting will be re
quired, along with several transmissom
eters beside the runway rather than one. 
The training of pilots will also be more 
stringent than it is for Category I. 

Category III is all-weather landing, 
and so far its requirements have not been 
fully specified. Of course there is al
ways the question of whether or not it 
is economically sound to pay the tre
mendous cost of a foolproof all-weather 
landing system. Airports can be closed 
not only by zero visibility but also by 
high-speed cross winds and heavy snow 
or ice on the runways. Moreover, there 
is little point in landing at an airport 
when ground transportation is at a 
standstill. 

If landings in Category III are adopt
ed, however, the approach, flare, de
crab, touchdown and possibly rollout 
will be performed automatically, per
haps with the pilot monitoring the 
events visually on electronic devices. 
Transmitters along the edge of the run
way could signal the projection of im
ages on the windshield corresponding to 
runway lights, so that the pilot would 
see the rudimentary outline of the run
way in its true position and perspective. 

A number of recent national and in
ternational conferences on all

weather landing have indicated a wide
spread opinion in favor of maintaining 
the present basic ILS system, of improv
ing it without changing its fundamental 
characteristics. One technical develop
ment that will help is the use of a wave 
guide in transmitting the localizer beam. 
By confining the beam "spray" the wave 
guide can prevent reflections from hang
ars, power lines and other nearby radio 
obstructions that frequently cause the 
localizer course to bend. Aircraft flying 
overhead also produce confusing reflec
tions; this problem is being solved with 

both wave-guide transmission and regu
lations that keep airplanes out of the 
sensitive region. 

It has proved far more difficult to 
make the glide slope equally depend
able at altitudes below 200 feet. The 
slope beam is particularly sensitive; for 
it to work all the way to touchdown calls 
for very level ground for a considerable 
distance around its transmitter. Most 
airports simply do not have such sur
roundings. 

Thus the problem is whether or not 
the ILS system can be improved enough, 
without changing its world-wide stand
ard characteristics, to meet the needs of 
today's fast, heavy jets and tomorrow's 

supersonic transports. In case it cannot, 
the FAA has sponsored a program to 
develop a highly precise microwave 
landing system. This system includes 
scanning antennas, one sweeping hori
zontally to provide a localizer path and 
the other vertically for glide-slope infor
mation. They send out pulses that are 
coded according to the angle of the 
antennas. Equipment in the aircraft 
decodes the pulsed signals to deter
mine the precise height, azimuth and 
distance from touchdown. The system, 
operating at the extremely high fre
quency of 15.5 gigacycles (kilomega
cycles), not only provides conventional 
instrumentation of the ILS type in the 
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HOURS OF BAD WEATHER at Kennedy International Airport in February, 1961, are 

indicated by color and batching in the squares. Smallest amount of color denotes a 

400·foot ceiling. Color comes down in square as ceiling drops. Hatching indicates less 

than a mile of visibility; increased density of hatching means that the range of visibility 

is proportionately shorter. Dark color and/ or crossbatching signifies airport is closed. 
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cockpit but also has a preclslOn-ap
proach radar component for monitoring 
by ground controllers. The coded pulses 
enable the pilot to select the optimum 
approach angle and also allow the air
craft to follow a programed flare path 
to touchdown. It is so completely new 
that even after it is adopted the normal 

processes of budgeting, manufacture 
and installation will delay its widespread 
employment for several years. 

Fully automatic landing operating 
with existing ILS ground equipment has 
been brought to its highest degree of 
refinement in the "Autoland" system 
developed by the Blind Landing Ex-
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APPROACH CHART for Washington National Airport provides pilot with information 

on the Instrument Landing System, approach angles, physical obstructions and many 

other matters. He carries such charts for all airports and receives frequent revisions 

as conditions change. The charts are produced by Jeppesen & Company of Denver. 
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perimental Unit in the United King
dom. The frequency of foggy weather 
in the British Isles has been the inspira
tion for the work. The system brings the 
aircraft down to an altitude of 300 feet 
automatically on both ILS beams, after 
which the airplane continues under 
localizer-beam guidance but without the 
glide-slope signal. At an altitude of 
approximately 60 feet a radio-altimeter 
signal initiates flared descent to touch
down. Automatic throttle control re
duces the power at the proper moment; 
the control system even decrabs the 
aircraft. 

Autoland has directed thousands of 
automatic landings and is being installed 
in the new generation of British airliners 
as well as British military aircraft. The 
FAA had a Douglas DC-7 transport air
craft fitted with Autoland and brought 
it to the U.S. in 1962. The results of 
the testing program have been out
standing. A total of 1,149 fully auto
matic landings have been completed at 
47 different airports equipped with ILS. 
The FAA plans to equip a large jet 
transport with the system for further 
tests. Autoland could well become the 
prototype landing system for U.S. air
line jet fleets. 

T he essential elements of a success
ful assault on the all-weather land

ing problem are now available: a sound 
technical solution, a determined airline 
industry, a co-operative Government 
agency and a detailed step-by-step pro
gram of implementation. Lest this lead 
to unjustified optimism, however, it 
might be salutary to recall a paper pre
sented in November, 1938, before the 
Air Transport Meeting of the Institute 
of Aeronautical Sciences in Chicago. 
The authors, Joseph Lyman and Fran
cis L. Moseley, eminent in this field for 
many years, concluded: 

"In reviewing the history of instru
ment landing, one now finds nearly all 
of the problems have been solved. 
Scheduled air transportation will soon 
be making landings under conditions of 
zero visibility. But development work 
does not cease there. Each part of the 
entire system must go through a con
stant refinement and simplification. The 
means of making instrument landing are 
all at hand. But we must learn how best 
to use them." 

For 34 years the technology of all
weather landing has kept pace with the 
rapid advance of air transport. Never
theless, the objective of the airlines to 
deliver passengers to their destinations 
on schedule in all kinds of weather re
mains elusive. 
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BRITISH "AUTOLAND" is the highest refinement of the ILS 

system. Using ILS signals, it brings the aircraft automatically to 
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WAVE·GUIDE ANTENNA to focus localizer beam eliminates 

much interference. Top diagram shows pattern of localizer around 

its antennas without wave guide (color) and witb wave guide 

(black). Course as recorded by an aircraft approaching Wold 

Chamberlain Airport in Minneapolis is shown before installa· 

tion of wave guide (upper graph) and after installation (lower 

graph). Deflections in rectangles are caused by a nearby hang. 
ar. Wave guides hold promise for smoothing glide slope also. 
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BACTERIAL ENDOTOXINS 

Some disease bacteria excrete toxin; others do not excrete it 

but contain it. These latter substances are called endotoxins. 

How they act on the body is the subject of much current study 

M
ost disease-producing bacteria 

can be divided into two classes: 
those that secrete toxin into the 

surrounding medium and those that har
bor the toxin within the bacterial cell. In 
the first case the toxin is called exotoxin; 
in the second, endotoxin. Among the 
diseases caused by exotoxins are diph
theria, tetanus, gas gangrene, botulism 
and scarlet fever. The endotoxin dis
eases include cerebrospinal meningitis, 
dysentery, typhoid fever, undulant fe
ver, gonococcal arthritis, kidney infec
tions and tularemia. Against the exotoxic 
diseases (notably diphtheria and teta
nus) medical research has achieved 
great success simply by developing anti
toxins. Progress toward control of the 
endotoxic diseases has been consider
ably less spectacular. The mode of ac
tion of endotoxin inside the body is 
still largely a mystery. For that very 
reason it is also one of the liveliest and 
most fascinating fields of current re
search in bacteriology. 

Endotoxins were first isolated some 
30 years ago by the late Andre Boivin 
of the Pasteur Institute in Paris. In 
extracting them from bacteria (by the 
use of trichloroacetic acid) Boivin made 
a remarkable discovery. The bacteria 
that produced endotoxins were all of the 
Gram-negative type. "Gram-negative" 
refers to a traditional method of classi
fying bacteria that goes back to an 
accidental discovery made by the Dan
ish physician Hans C. J. Gram in 1884. 
Gram found that when bacteria were 
stained with a dye consisting of crystal 
violet and iodine, the dye could easily 
be removed from some bacteria with 
alcohol, whereas other bacteria fixed 
the dye so that alcohol could not dis
solve it. Bacteria that held the dye be
came known as Gram-positive and those 
that lost it when they were treated with 
alcohol were designated Gram-negative. 
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Boivin's discovery converted this mys
terious distinction into something mean
ingful: it now developed that almost all 
Gram-positive bacteria produced exo
toxins and that all Gram-negatives con
tained endotoxins. 

It is an odd fact that even nonin
fectious Gram-negative bacteria contain 
endotoxins. These bacteria, called sap
rophytes because they feed on dead 
organic matter, have occasionally got 
into human blood banks, and in a few 
rare cases their endotoxin has killed 
patients who received transfusions of 
the contaminated blood. Puzzled by 
this unexpected phenomenon, my col
leagues and I, then at the University of 
Michigan Medical School, undertook a 
survey to find out if endotoxins were 
present in a wide variety of noninfec
tious Gram-negative bacteria. Examin
ing a large number of soil bacteria that 
are incapable of growing at the temper
ature of the human body, Frank Carey, 
Jennie S. Siemienski and I found that all 
of them did indeed contain endotoxins. 
Their toxins were as potent as those pro
duced by any infectious bacterium. 

The remarkable universality of the 
endotoxins in Gram-negatives shows 
itself in another way. Exotoxins-the 
toxins of Gram-positives-produce spe
cific and individual effects in the in
fected organism, so that each exotoxic 
disease has its own symptoms and is 
easily distinguished from the others. 
In contrast, the endotoxins all produce 
the same general symptoms in experi
mentally exposed animals, regardless of 
what bacterium may have furnished 
the toxin. This uniformity of effect 
seems to be demonstrated by the various 
diseases caused by endotoxins. In the 
long-lasting but comparatively mild in
fections such as typhoid fever and kid
ney infections the toxin gives rise to fe
ver, sweating, weakness and generalized 

aches. In the acute types of endotoxic 
attack, such as fulminating menin
gococcal infection, peritonitis or poison
ing by a contaminated blood transfu
sion, the symptoms are much more 
severe but similar: the patient is over
whelmed by high fever, shock resulting 
from a drastic fall in blood pressure, 
diarrhea, hemorrhages into the tissues 
and muscular pains. 

One of the distinctive features of the 
endotoxins is their fast action. 

Within a few minutes after the intra
venous injection of a small amount of 
endotoxin in an experimental animal 
60 per cent of the white cells disappear 
from the bloodstream. Experiments with 
radioactive tracers indicate that the 
endotoxin almost instantly enters these 
cells and acts to drive them out of 
circulation. The first to go are the 
granulocytes (granule-containing white 
cells). During the next few hours the 
lymphocytes (smaller, non granular white 
cells) gradually decline in number, and 
platelets (the colorless, oval bodies in
volved in blood clotting) also drop out 
of circulation. As the white cells disap
pear from the blood they turn up in 
increasing numbers in the tissues of the 
lung and other organs. Then, some four 
hours after the endotoxin injection, 
granulocytes suddenly flood into the 
bloodstream, raising the number of 
white cells to an abnormally high level. 
With them may come a rush of im
mature red cells. The influx of white and 
red cells probably represents a gen
eral outpouring of reserves from the 
centers of blood-cell formation and 
storage in the bone marrow. 

The second response to an intrave
nous injection of endotoxin, following 
the initial disappearance of granulocytes 
from the blood by about half an hour, is 
a rise in the body temperature. This fe-
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EXOTOXIC AND ENDOTOXIC BACTERIA are both visible in 

this photomicrograph of infected human urine stained by the 

Gram method. The entire sample was first stained with a violet 

dye, then washed with alcohol and finally restained with a red 

dye. The small violet bodies retained the initial dye and are called 

Gram·positive bacteria; they excrete exotoxins. The small pink 

bodies lost the initial dye and are called Gram-negative hacteria; 

they contain endotoxins. Large pink structures are white blood cells. 
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SECTION OF HUMAN SKIN was photographed three and a balf 

hours after an injection of endotoxin. The dark dots are wbite 

blood cells tbat bave clustered around the small blood vessels 

and plugged them. This quick reaction to endotoxin resembles aller

gic reaction known as anaphylaxis, whicb depends on tbe response 

of circulating antibodies. Magnification is about 300 diameters. 
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ver stems largely from a slowing of the 
circulation of blood through the skin, 
which sharply reduces the normal rate 
of radiation of body heat from the sur
face. Since it is known that body heat 
is regulated by thermostatic centers in 
the hypothalamus of the brain, we must 
assume that the endotoxin acts on the 
hypothalamus in some way. 

Two hypotheses have been advanced 
to explain how the injected endotoxin 
may extend its effect to these centers. 
One is that the white cells damaged by 
the toxin release a pyrogen, or fever
inducing substance, that travels to the 
hypothalamic centers. Such a substance 
has been extracted from white cells by 
Ivan L. Bennett, Jr., and Paul B. Beeson 
at the Yale University School of Medi
cine; injected intravenously in animals, it 
produces fever in 10 to 15 minutes. Ben
nett and Beeson have named the sub
stance "leucocyte pyrogen." ("Leucocyte" 
is synonymous with "white cell.") The ex
istence of such a fast-acting pyrogen in 
the bloodstream of febrile animals has 
been demonstrated by Elisha Atkins of 
the Yale School of Medicine and W. 
Barry Wood, Jr., of the Johns Hopkins 
University School of Medicine. 

The other hypothesis suggests that 
endotoxin itself acts on the hypothala
mus, reaching it from the bloodstream 
by way of the cerebrospinal fluid that 
circulates around the brain. Bennett 
found that when he injected endotoxin 
directly into the cerebrospinal fluid in
stead of into a vein, only a thousandth 
as much of the toxin was needed to pro
duce fever, and the fever developed in 
less than 15 minutes. The two experi
mental findings indicate that perhaps 
fever is produced by both agencies-by 
endotoxin itself and by a pyrogen to 
which it gives rise in the white cells. 

Fever can be induced by amazingly 
small intravenous doses of endotoxin: as 
little as a billionth of a gram in rabbits 
and comparably small amounts in other 
mammals, including man. With larger 
doses other and more serious effects be
come apparent. 

A dose 100,000 times larger than the 
minimum for fever will cause a collapse 
of the blood circulation amounting to 
shock. Within a few minutes after the 
endotoxin injection the arterial blood 
pressure begins to fall, and soon the 
blood flow is too sluggish to nourish the 
tissues of the brain, lung and kidneys. 
The shock is like that resulting from a 
massive loss of blood, a crushing injury 
or burns, but here the collapse of cir
culation stems not from depletion of the 
body's blood volume but from a shut
down in the flow of blood to the heart, 

so that the heart is no longer able to 
pump the normal amount of blood into 
the arteries. It has been found that in 
dogs the blood is trapped in the liver 
by spasms of the veins that prevent its 
flow. Where the block occurs in other 
animals is not yet known. 

Large doses of endotoxin can cause 
another kind of disturbance in the body. 
Giuseppe Sanarelli of the University of 
Rome and Gregory Shwartzman of 
Mount Sinai Hospital in New York in
dependently found that if they injected 
a somewhat less than fatal dose of 
endotoxin into a rabbit and followed 
this with another 12 to 24 hours later, 
the second dose led to massive destruc
tion of the kidney tissues. It appears 
that in this case the endotoxin causes 
fibrin, the blood-clotting substance, to 
collect in the capillaries of the glomeruli, 
the tiny capsules that act as the kid
ney's filters. As a result the glomeruli 
gradually become clogged and the kid
ney tissues then die for lack of blood 
circulation. 

Shwartzman found that the second 
endotoxin injection also killed skin tissue 
at the site of the first injection. Here 
white cells and platelets joined clumps 
of fibrin in blocking blood flow. The 
damage could be forestalled, however, 
by giving the animals heparin, which 
prevents the formation of fibrin and clot
ting of the blood. Heparin also had the 
same preventive effect in the kidneys. 

Other experiments have shown that 
the action of endotoxin in stopping blood 
flow can produce other kinds of tissue 
damage. For example, in an animal with 
a rapidly growing tumor an injection of 
endotoxin into the bloodstream will lead 
in a few hours to hemorrhages in the 
tumor and the death of its cells. Endo
toxin also will kill the fetuses in a preg
nant mouse. 

What sort of substance, then, is this 
endotoxin, which causes such di

verse effects? Precisely how does the 
toxin work? Because of the variety of 
its actions some investigators have sug-

CHARACTERISTIC REACTION of human skin to an injection of endotoxin is caused by 

an accumulation of red blood cells, the normal flow of which is interfered with by white 

cells and other substances blocking small blood vessels (see illustration on opposite page). 
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gested that endotoxin is made up of 
several constituents that act in different 
ways. There has been no success, how
ever, in breaking it down into separate 
toxins. The available evidence indicates 
that all its toxic properties are wrapped 
up in one molecule. 

'When Boivin extracted the first en
dotoxin from bacteria three decades 
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it then turned out, according to his 
studies, that the lipid fraction was toxic 
and the polysaccharide fraction was 
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NORMAL REACTION to an injection of endotoxin into the hloodstream of a rahbit is 

characterized by a sudden drop in the number of granulocytic white cells (colored curve) 

and a gradual decline in the number of nongranular white cells called lymphocytes (broken 

black curve), After a few hours large numbers of immature red cells (black curve) rush 

into the hloodstream. In this graph and in the one helow numhers of red cells have 

been divided by 100 to bring them into a scale comparable to that of the white cells. 
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TOLERANT REACTION to an injection of endotoxin into a rabbit that has been exposed 

previously to small doses of the same endotoxin is much milder than the normal reaction. 

Granulocytes (colored curve) do not disappear from the bloodstream so rapidly and hardly 

any immature red blood cells (black curve) appear. For some obscure reason lymphocytes 

(broken black curve) react the same way in tolerant rabbits as in nontolerant rahbits. 
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F. Goebel of the Rockefeller Institute 
separated the fractions with alkaline 
alcohol and found that the polysac
charide portion was toxic. This ambigu
ity and other evidence make it seem 
most likely that the entire molecule is 
essential for the action of the endotoxin 
in producing disease. 

A clue to the mode of action of endo
toxin came from a comparison of its 
effects and those of tuberculin, the ex
tract from dead bacilli that is used as 
a test for the presence of tuberculosis. 
When tuberculin is injected into the 
skin of a tubercular person, it not only 
produces swelling, redness and soreness 
in the skin but also leads to systemic 
effects: fever, soreness in the lymph 
glands and general discomfort. Tuber
culous guinea pigs may even be thrown 
into fatal shock by a small injection of 
tuberculin. Chandler A. Stetson of the 
New York University School of Medi
cine therefore was prompted to conduct 
a systematic comparison of the effects 
of endotoxin and tuberculin in rabbits. 
He found that both substances pro
duced much the same symptoms: slow
ly developing inflammation of the skin, 
a drop in the white-cell content of the 
blood, a rise in body temperature and 
the death of skin cells at the site of the 
injection (the Shwartzman reaction). 

Now, the response to tuberculin is an 
allergic reaction: it occurs only when 
the subject has a susceptibility, or al
lergy, developed by previous exposure 
to the tubercle bacillus. Stetson sug
gested that the reaction to endotoxin 
was also allergic, that it arose from past 
infection of the rabbits by Gram
negative bacteria. 

Stimulated by his observations, Jen
nie Siemienski, Stuart Sell and I, work
ing at the University of Pittsburgh 
School of Medicine, made a similar com
parison of the reactions to tuberculin 
and endotoxin in human volunteers. We 
injected harmless doses of tuberculin 
into one forearm and of endotoxin into 
the other. In contrast to Stetson's rab
bits, our tuberculous human subjects 
showed distinctly different reactions to 
the two substances. First of all, the re
action to endotoxin developed faster and 
disappeared sooner; the inflammation of 
the skin became full-blown within five 
hours and had disappeared by 48 hours 
after the injection, whereas the inflam
matory reaction to tuberculin did not 
become mm'ked until 24 hours later and 
lasted more than 48 hours. This differ
ence in timing is crucial, because the de
layed appearance of inflammation is the 
hallmark of the tuberculin reaction. We 

© 1964 SCIENTIFIC AMERICAN, INC



found other differences. Before we in
jected the endotoxin or tuberculin we 
separately mixed each substance with a 
drop of the subject's blood. At the site 
of the injection into the skin the small 
red spot created by the red blood cells 
quickly disappeared after the tuberculin 
injection, but it lingered in the endo
toxin injection. Examining small sam
ples of the skin tissue under the micro
scope, we found that the red cells were 
held there because the endotoxin had 
caused white cells and fibrin to plug 
the blood vessels very rapidly, whereas 
the slower developing tuberculin reac
tion had allowed the red cells time to 
move away from the site of the injection. 

The damaged skin tissue showed 
something more significant: a form of 
injury typical of a hypersensitive skin 
reaction known as Arthus's phenome
non (after the French physiologist Nich
olas Maurice Arthus). This kind of al
lergic skin reaction may be brought 
on by repeated injection of a foreign 
protein (such as egg white) and may be 
accompanied by generalized anaphy
laxis-a swift reaction that may be vio
lent enough to cause death in a highly 
sensitized person or animal. All this led 
us to ask: Is the body's response to en
dotoxin an anaphylactic reaction? 

.N a matter of fact, the question had 
been raised half a century earlier, 

not long after the French physiologist 
Charles Richet discovered the phenome
non of anaphylaxis (for which he was 
awarded the Nobel prize in physiology 
and medicine). Anaphylaxis is the result 
of the reaction of antibodies with the 
antigenic protein or polysaccharide that 
provoked their creation. The response to 
the antigen-antibody reaction may be 
so vigorous that the host is thrown into 
shock. In the early 1900's Milton J. 
Rosenau, later professor at the Harvard 
Medical School, and his co-worker John 
F. Anderson worked out the main fea
tures of the anaphylactic reaction. They 
learned that an extremely small dose of 
horse serum (a millionth of a cubic 
centimeter) could so sensitize guinea 
pigs that a second dose would kill them. 
In the course of their studies Rosenau 
and Anderson were struck by the simi
larity of anaphylaxis to the disturbances 
produced by endotoxin. They ventured 
to suggest that further study of the 
phenomenon of anaphylaxis might lead 
to an explanation of how endotoxins 
acted, but their suggestion was not seri
ously investigated until some 50 years 
later. 

The question was taken up by Max 

SWOLLEN GRANULOCYTE (large cell ((t top left) is about to disintegrate following 

exposure to endotoxin. Other two granulocytes have not yet been injured by the endo· 

toxin and are normal in appearance. Disappearance of granulocytes from the bloodstream 

is one of the first responses to an injection of endotoxin. Smaller bodies are red cells. 
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FEVER REACTION to an intravenous injection of endotoxin is also milder in tolerant 

rabbits (colored curve) than in normal rabbits (black curve). Tolerance was produced 

by daily injections of small amounts of the same endotoxin that later caused the fever. 
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RADIOACTIVELY LABELED ENDOTOXIN disappears more quickly from the hlood· 
stream of a tolerant rahbit (colored curve) than it does from the bloodstream of a normal 

rabbit (black curve). Tolerant animals can often survive normally lethal doses of endotoxin. 

H. Weil and Wesley W. Spink at the 
University of Minnesota Medical School. 
They found that in dogs both endo
toxic shock and anaphylactic shock 
were marked by many of the same 
symptoms: a sharp and immediate fall 
in blood pressure, a drop in the num
ber of white cells and platelets in the 
blood and engorgement of the liver 
with blood trapped there by constric
tion of the veins. Particularly notable 
was the finding that in both forms of 
shock there was an explosive release of 
histamine into the blood. 

Histamine is a substance that is pres
ent in the tissues of most animals, nor
mally in harmless form. It is released 
into the blood when tissues are injured, 
and then it becomes a poison with vary
ing effects. In a dog it causes the mus
cle fibers in the walls of the veins in 
the liver to contract, thereby narrowing 
the veins. In a guinea pig it tightens 
muscles around the airways of the lung, 
so that in anaphylactic shock the ani
mal is suffocated. Investigators have 
shown that injection of histamine can 
produce shock with many of the char-

• acteristic features of both anaphylactic 
and endotoxic shock. The details of the 
effects vary in different animals. In a 
monkey a shock-producing dose of his
tamine or endotoxin does not affect the 
liver veins, and the fall in blood pres
sure is gradual. The rat has considerable 
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resistance to histamine, endotoxin and 
anaphylactic shock, but a large dose of 
endotoxin or an anaphylactic substance 
will overcome its resistance. In endo
toxic shock the small veins in the rat's 
intestinal tract are constricted, with the 
result that blood accumulates there and 
hemorrhages occur throughout the in
testinal tract and the adjacent lymph 
glands. 

The effects of endotoxin resemble 
anaphylaxis not only at the shock level 
but also in the milder forms of reaction. 
Hypersensitive animals receiving an in
jection of the protein to which they are 
sensitized may respond with a fever 
like that produced by endotoxin. In the 
case of anaphylaxis it was shown by 
Richard S. Farr and Howard M. Grey 
at the University of Pittsburgh School 
of Medicine that the fever results from 
a reaction between the injected protein 
and antibodies in the animals' blood. 
This observation brings to the fore a 
crucial question: Do antibodies play a 
part in the effects of endotoxin? 

T hat question raises another: How 
would such antibodies arise in the 

body in the first place? In the case of 
an anaphylactic allergy the body has 
already been exposed to the foreign 
substance and has manufactured anti
bodies by virtue of that fact. Endo
toxin, however, produces the same kinds 

of reaction regardless of whether or not 
the animal has previously been infected 
by bacteria. This suggests that the body 
may possess a "natural" antibody to 
endotoxin. If so, what stimulates its 
formation? We can make a reasonable 
guess: The symbiotic bacteria that live 
in the intestinal tract of mammals are 
known to contain endotoxin, and this 
may give rise to the antibodies. 

We conducted a search for such anti
bodies in a number of animals. Erwin 
Neter of the University of Buffalo Med
ical School had developed a sensitive 
technique for detecting endotoxin anti
bodies: a method of attaching endo
toxin to the surfaces of red blood cells 
so that antibodies would react with it 
and show their presence by clumping 
the cells. Using this test-tube test, I 
found antibodies to endotoxin in the 
blood of virtually all the mammals I 
examined. Verne E. Gilbert and I then 
looked for evidence that the antibodies 
actually combined with endotoxin in the 
bloodstream of animals during their 
responses to an endotoxin injection. We 
reasoned that such a combination would 
be signaled by the disappearance of the 
antibodies from the bloodstream. When 
rabbits were given an endotoxin dose 
sufficient to produce shock, that is 
exactly what happened. Within three 
hours the concentration of the natural 
antibodies fell sharply, often down to 
the point where the amount was no 
longer detectable. Along with the anti
bodies, the protein complex known as 
"complement," which is known to be 
involved in all antibody reactions and in 
anaphylaxis as well, also disappeared 
from the rabbits' blood. There is reason 
to believe that the interaction with 
complement, called complement fixa
tion, is necessary for the development 
of shock; Spink and James Vick have 
found that in dogs endotoxic shock can 
be prevented by removing complement 
from their blood plasma before the in
jection of endotoxin. 

In our experiments on antibody reac
tions we discovered that, whereas a 
shock-producing, lethal dose of endo
toxin caused rapid removal of the anti
bodies from the blood, smaller doses 
had the opposite effect: the amount of 
antibody in the blood did not fall but 
gradually increased. A week after a 
small injection of endotoxin the animal's 
blood would show a thousandfold rise 
in antibody. 

l--I ere we encounter a paradox in the 
endotoxin mystery. If antibodies 

act as an accessory to endotoxin in pro-
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ducing damage, one might expect that 
a multiplication of antibodies would in
tensify the damage! This runs counter 
to the whole concept of antibodies as 
the body's defense against foreign sub
stances. That is the way antibodies per
form with respect to exotoxins, for ex
ample; serum rich in antibody gives 
full protection against the toxins of 
diphtheria and tetanus. The endotoxin 
situation is indeed beclouded with para
doxes. It turns out that antibodies some
times increase resistance to endotoxin 
and sometimes lower resistance. 

We have already noted that human 
skin shows a swift allergic reaction (re
sembling the Arthus phenomenon) to a 
small injection of endotoxin. In ani
mals such as rabbits the skin reaction to 
a first injection is much slower, presum
ably because they have a much smaller 
population of Gram-negative intestinal 
bacteria (and hence much less natural 
antibody) than man. Stetson and Leung 

Lee found, however, that when they 
stimulated antibody production in rab
bits by means of a small intravenous 
injection of endotoxin, the rabbits then 
showed a rapid skin reaction, like man's, 
to a later injection of the toxin. That 
antibodies were responsible for this ac
celeration of the reaction was demon
strated by the fact that an injection of 
antibody-containing serum into other 
rabbits sensitized them to endotoxin in 
the same way. 

Other investigators-Rene Dubos and 
Russell Schaedler of the Rockefeller In
stitute and Herndon F. Douglas and I 
in our laboratory-have found that ex
posure to endotoxin can increase the 
lethal effect of the toxin, with the re
sult that a smaller dose will kill the 
animal. It has not yet been demon
strated, however, that antibodies play 
a part in this vulnerability. When we 
injected only the antibody-containing 
serum into animals, instead of a sensitiz-

ing dose of endotoxin itself, it did not 
lower their resistance to large doses. 

On the other hand, in most instances 
one or more "vaccinating" doses of 
endotoxin will elevate, not lower, re
sistance to the toxin. When a rabbit 
is given small injections of endotoxin 
(about a tenth of a microgram) on suc
cessive days, the strength and duration 
of its fever response diminish from day 
to day. Beeson found that the increased 
resistance was due to a heightened abil
ity of the animal's liver and spleen to re
move endotoxin from the bloodstream. 
In our laboratory and at the Pasteur 
Institute tracer studies employing radio
active chromium to label the endotoxin 
have shown similarly that the liver 
clears the toxin out of the bloodstream 
much faster if the animal has been pre
treated with small doses of the sub
stance. 

Recent experiments in several lab
oratories have given evidence that an-
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tibodies are involved in the heightening 
of resistance to endotoxin. The serum 
of resistant animals shows a compara
tively high concentration of antibodies. 
The higher the level of antibody in an 
animal's bloodstream, the faster foreign 
substances are cleared out of the blood. 
Resistance to endotoxin-induced fever 
can be increased by injecting antibody
containing serum into an animal's blood, 
or by adding antibody to the endotoxin 
just before the poison is injected. 

yet we still have to account for the 
paradox that the antibodies some

times heighten resistance and sometimes 
lower it. One possible answer is that the 
issue is decided by the relative propor
tions of endotoxin and antibody: if the 

amount of antibody exceeds the amount 
of toxin, it protects; if it does not, it 
may add to the toxicity. There is another 
possible explanation: that substances 
other than antibody are involved. This 
possibility has been explored and has 
yielded productive results. 

Robert Skarnes and Louis Chedid of 
the Pasteur Institute have been among 
the leaders in this investigation. They 
have found that a blood constituent that 
is definitely not antibody can detoxify 
endotoxin, apparently by breaking down 
the endotoxin molecule into smaller 
units. Chedid and others, including 
workers in our laboratory, have also 
investigated the protective effects of 
the adrenal hormone cortisone. When the 
adrenal glands of mice are removed, the 

GONORRHEAL INFECTION in a human knee is caused by Gram.negative bacteria called 

gonococci (small dark bodies), which contain endotoxin. Although penicillin readily 

destroys the living gonococci, the knee remains swollen and painful, probably owing to the 

persistence of some loose endotoxin. The larger dark bodies are the nuclei of granulocytes. 
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animals become almost incredibly sensi
tive to endotoxin: an injection of .00005 
milligram will kill them. On the other 
hand, an injection of cortisone in a 
normal animal will protect it against 
a lethal dose of endotoxin. Cortisone 
and related adrenal hormones do not 
clear endotoxin more rapidly from the 
bloodstream, according to studies in our 
laboratory, but in some way they give 
the animal greater resistance to the 
toxin. The hormone adrenalin, in con
trast to cortisone, can greatly accentuate 
the toxic effects of endotoxin. For exam
ple, it has been found by Lewis Thomas 
of the New York University School of 
Medicine that when rabbits have endo
toxin in their blood, an injection of 
adrenalin into the skin will cause hem
orrhage and death of the skin tissue, 
although adrenalin would not normally 
have this effect. It is possible that endo
toxin sensitizes blood vessels in such 
a way that they overreact to adrenalin 
and remain contracted long enough 
to cause a damaging interruption of 
circulation. 

All the findings I have detailed so 
far were obtained from experiments 
with endotoxin extracted from bacteria 
-not with the toxin-producing bacteria 
themselves. Basically, of course, we are 
interested in how endotoxin acts in 
the natural situation: infection of the 
body by the toxin-containing Gram
negative bacteria. This primary prob
lem has occupied many investigators 
since Boivin first isolated endotoxin 
from these organisms. 

My own interest in the subject was 
aroused in 1949 during a medical 

investigation in Mexico City. The Mexi
can bacteriologist Maximiliano Ruiz
Castaiieda, Spink and I were testing 
the new antibiotic aureomycin as a 
treatment for undulant fever, or brucel
losis. It proved to be of great benefit 
to most patients, but in a few cases the 
drug caused a sudden rise in fever and 
shock. Since brucellosis is produced by 
Gram-negative bacteria of the genus 
Brucella, we surmised that the high 
fever and shock might be caused by a 
sudden release of endotoxin resulting 
from the destruction of the bacteria by 
the drug. 

Spink and Robert S. Abernathy later 
explored this suspicion by injecting tiny 
amounts of BTllcella endotoxin in pa
tients with undulant fever. These pa
tients reacted in the same way as those 
who had received aureomycin-with a 

rise in fever and shock. Evidently infec
tion with the Gram-negative bacterium 
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PATIENT WITH UNDULANT FEVER experienced a sudden rise 

in fever (black curve) and a corresponding fall in blood pres

sure (colored curve) 12 hours after being treated with aureo-

mycin, a drug that is usually effective in reducing tbe fever. Appar

ently the aureomycin killed the Brucella bacteria that are known 

to cause undulant fever, releasing their harmful endotoxins. 

sensitized the body to endotoxin. Yet 
Spink and Abernathy also found, para
doxically, that such patients eventually 
developed a resistance to endotoxin; the 
serum of individuals who had recovered 
from undulant fever gave protection 
against Brucella endotoxin when inject
ed into mice. Similar observations have 
been made by other investigators, who 
found that patients recovering from 
typhoid fever or kidney infections be
came tolerant to injections of endotoxin. 
Spink and Abernathy therefore con
cluded that infection with a Gram-nega
tive bacterium first sensitizes the body 
to endotoxin and then causes it to de
velop resistance to the toxin. 

Janet L. Jones, Herndon Douglas and 
I proceeded to pursue this hypothesis 
further with experiments on animals. We 
produced a Gram-negative infection in 
the knee of a rabbit by injecting the 
colon bacillus Escherichia coli. This 
caused the rabbit to develop fever, and 
endotoxin appeared in its bloodstream 
-but not bacteria. Antibodies against 
the endotoxin rose to a high level in the 
blood, and the fever went away. We 
deduced from these events that the bac-

teria in the knee had released endotoxin 
into the blood, that the endotoxin then 
generated the production of both fever 
and antibodies and that the antibodies 
combined with endotoxin and thereby 
helped to curtail the fever. The anti
bodies did not, however, altogether 
eliminate the endotoxin. It persisted at 
the site of the infection (the knee joint) 
long after all the bacteria were dead, 
with the result that the joint remained 
inflamed for many weeks. Other investi
gators have noted a similar persistence 
of endotoxin in other organs. 

Can the body be endowed with re
sistance to Gram-negative infections by 
"vaccination" with endotoxin? Vaccines 
prepared from Gram-negative bacteria 
have proved extremely unpleasant and 
even dangerous to take. Boivin discov
ered, however, that a nonpoisonous 
polysaccharide fraction of the endotoxin 
of the typhoid I?accillus was capable of 
producing resistance to typhoid infec
tion in mice. Intrigued by this finding, 
Hans Noll and I have explored the pos
sibility of developing a nontoxic vaccine 
from the colon bacillus. Noll succeeded 
in detoxifying this bacterium's en do-

toxin by modifying its chemical struc
ture (using a hydride of lithium and 
aluminum as the reagent). The altered 
endotoxin, as a vaccine, proved to be 
capable of giving rats considerable re
sistance to colon bacillus infections of 
the kidney. Presumably it acted by 
stimulating the production of antibodies 
against the damaging endotoxin. Sev
eral independent investigations give 
support to this view; they have shown 
that injections of antibody-rich serums 
can protect rats against kidney infec
tions, mice against typhoid infection 
and guinea pigs against cholera infec
tion. 

T hese experiments and many others 
are beginning to throw light on the 

role and activity of endotoxin during 
actual bacterial infections. A major ef
fort is now under way to purify endo
toxin so that its toxic effects can be 
pinned down to the features of its chem
ical structure. When that is achieved, 
many of the puzzling and seemingly 
contradictory aspects of endotoxin's bi
ological behavior may become under
standable. 
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Experimental Narcotic Addiction 

A new technique enables drug-addicted animals to give themselves 

intravenous injections at will. Now some of the factors affecting 

the voluntary intake of drugs can be investigated in the laboratory 

D
rug addiction is a complex dis

ease in both the medical and 
the social sense. The typical 

addict suffers from an underlying psy
chiatric disturbance that is often ag
gravated by economic and social pres
sures and the censure of the law; his 
illness does not look the same to the 
pharmacologist, the practicing physician 
or psychiatrist, the social worker and 
the policeman. An investigator who at
tempts to learn about drug addiction in 
humans by studying it in animals there
fore runs a serious risk of oversimplifica
tion. Nevertheless, there are physical 
aspects of addiction that can be repro
duced in rats or monkeys, and over the 
years much information on these effects 
has been obtained in laboratory studies. 
One thing was missing: the essential be
havioral aspect of addiction, the volun
tary self-administration of a drug by the 
addicted individual. A few years ago I 
worked out a method whereby rats ad
dicted to morphine can give themselves 
injections at will, and subsequent ex
periments have yielded some interesting 
data on drug-seeking behavior in these 
animals. 

The World Health Organization de
scribes drug addiction as a state of peri
odic or chronic intoxication detrimental 
to the individual and to society, pro
duced by the repeated consumption of a 
drug and characterized by an over
powering desire or need to take the 
drug, by a tendency to increase the 
dose and by psychic and sometimes 
physical dependence on the effects of 
the drug. U.S. law specifies the drugs 
of addiction as opium and its deriva
tives (such as morphine, codeine, heroin 
and Demerol), cocaine and marijuana. 
Opium and its derivatives are narcotics 
-they depress the activity of the cen
tral nervous system and are used in 
medicine to relieve severe pain; cocaine 
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is a powerful stimulant (its medical ap
plication as a local anesthetic is unre
lated to its stimulating effect on the 
brain); marijuana is a mild intoxicant 
without medical value. The official list 
is arbitrary, of course, since many other 
substances can be addictive, including 
the barbiturates, amphetamine (Benze
drine) and alcohol. 

The characteristics of addiction vary 
widely with the drug. On repeated ad
ministration of an opiate such as mor
phine two remarkable changes take 
place in an individual. First of all, he 
develops a tolerance for the drug, more 
and more of which must be taken to 
produce the same effect. A tolerant ad
dict can take 20 or 30 times the usual 
dose of morphine without becoming 
drowsy or sleepy. If he can secure 
enough morphine, the addict remains in 
apparent good health and is quite able 
to do productive work; he is outwardly 
normal and difficult to identify as an ad
dict. Physiologically, however, he is not 
normal. The second change in opiate 
addiction, and the most fascinating phe
nomenon to the pharmacologist, is the 
development of physical dependence. 
Once this is established the addict must 
receive the drug continually for his body 
to function normally. Deprived of mor
phine, the addict develops an "absti
nence syndrome": he yawns, his eyes 
and nose water and he suffers "goose 
flesh," tremor, muscle twitches, restless
ness, hot and cold flashes, fever, nausea, 
vomiting and diarrhea. He is acutely 
ill-and all for lack of morphine, which 
he craves intensely. An injection of the 
drug relieves his symptoms immediately. 

These two elements of narcotic addic-
tion, tolerance and physical depend

ence, can both be induced in animals 
by the repeated administration of mor
phine. One experimental application of 

such addiction is exemplified in a lab
oratory at the University of Michigan, 
where Maurice H. Seevers and Gerald 
A. Deneau keep a colony of some 100 
rhesus monkeys on morphine in order to 
test new drugs for addictive properties. 
Dependent monkeys are deprived of 
morphine and allowed to develop an 
abstinence syndrome. Then the test 
drug is injected; the degree to which it 
relieves the syndrome is a measure of its 
ability to be itself addictive. 

Such experiments do not bear directly 
on the nature of addiction in animals. 
Do they, for example, "desire" mor
phine? More than 25 years ago S. D. 
Shirley Spragg of the Yale University 
School of Medicine demonstrated that 
animals do indeed exhibit morphine
seeking behavior. He addicted chimpan
zees by giving them repeated injections 
of morphine. The apes had been trained 
to open a box with a stick to get food. 
Presented with two boxes, one contain
ing food and the other a hypodermic 
syringe, addicted chimpanzees chose 
food if they had already received their 
regular injection; those that were past 
due for an injection chose the syringe 
even when they were hungry. (They 
did not, of course, give themselves an 
injection. ) 

A better experimental model would 
be one in which the animal voluntarily 
took its own drug. John R. Nichols of 
Southeastern Louisiana College carried 
out experiments of this type by adding 
morphine to the drinking water of rats. 
Because morphine has an intensely bit
ter taste the rats had to be forced to 
drink the drugged water by being de
prived of any other supply. Once ad
dicted, they selected morphine water in 
preference to plain water in spite of the 
taste. In other words, they sought mor
phine; they associated its ingestion with 
the relief of abstinence symptoms. 
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SELF.INJECTION SYSTEM developed by the author for rats 

was adapted for monkeys by Gerald A. Deneau and Tomoji 

Yanagita at the University of Michigan. The addicted monkey 
gets an intravenous injection of a drug by pressing one of the two 

INJECTION APPARATUS is on the outside of the cage, on the 
reverse side of the back wall seen in the top photograph. The 

two pedals, each with a microswitch above it, are in the center 

foreground. On the shelf above them are two syringes containing 

pedals on the wall behind it. The tube that carries the drug solu· 

tion is protected by lengths of steel pipe that swivel to allow the 
monkey some freedom of movement, and by the box on the animal's 

back. From the box the tube passes under skin into jugular vein. 

drugs from the two bottles (top right). Signals from a pedal 
activate the electric motor (left), and one of the syringes delivers 
a drug solution to the rubber tubes that are seen (bottom right) 
entering the system of jointed pipes that leads to the animal. 
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ALBINO RAT is prepared for experiments on addiction. A plastic tube is passed under 

the skin from behind the ears to the front of the neck, where it is connected to a silicone

rubber cannula that is inserted into the animal's jugular vein and leads to the heart. 

For a better parallel to human ad
diction, however, an animal should be 
able to take the drug at will, by injec
tion-preferably intravenous-and over 
a long period of time. Self-administra
tion by injection would avoid the com
plicating effects of thirst and the un
pleasant taste of the drugged water. 
When the way to do this occurred to 
me it seemed so simple that I wondered 
why no one had ever tried it. My idea 
was to put some kind of tube into a 
vein of the animal and connect the tube 
to an injection machine the animal could 
operate itself. To receive an injection 
the animal would have only to press on 
a pedal in its cage, thus activating a 
syringe driver that would inject a me
tered amount of morphine into the vein. 
This is essentially the "operant condi
tioning" technique developed by B. F. 
Skinner of Harvard University and 
other workers. In a typical experiment 
of this type an animal is trained to re
spond to some stimulus-to press a 
pedal, for example-by receiving a "re
inforcement," usually a reward of food 
or water, as soon as it responds cor
rectly. Morphine would be my rein
forcement. 

.N far as I know the first such self-
injection experiments were those I 

carried out with rats in 1960 at the Up
john Company Research Laboratories in 
Kalamazoo, Mich. Working out the de
tails of the apparatus was more difficult 
than conceiving the idea, the main prob
lem being to keep an injection tube im
planted in the vein without restraining 
the animal. The solution was to run a 
sprocket chain of the kind found on 
bicycles to a saddle on the rat's back. 

48 

Polyethylene tubing woven down the 
chain does not twist because the chain 
Hexes only in one plane, and the tubing 
is connected to the syringt< driver by a 
sealed swivel [see illustration on oppo
site page]. From the saddle the tubing 
runs under the animal's skin to a can
nula, or fine tube, of silicone rubber that 
is passed down the jugular vein to the 
heart. (The cannula has to be placed in 
the heart because it would not remain 
functional in a rat's sm.all veins for more 
than a few days.) 

Before a rat could be expected to in
ject itself regularly I had to establish 
tolerance and physical dependence in it. 
The syringe driver, controlled by a pro
gram punched on film, automatically 
administered a series of gradually in
creasing doses, beginning with two mil
ligrams per kilogram. (Drug doses are 
generally stated in terms of the experi
mental subject's weight. A dose of "two 
milligrams per kilogram" would be an 
injection of half a milligram in the case 
of a quarter-kilogram rat.) The injection 
was repeated every hour, each time with 
a dose 2.5 per cent larger than the 
previous one. After 122 hours the dose 
had reached 40 milligrams per kilogram, 
and this dose was repeated every hour 
for a day or two. Then the automatic in
jections ceased, a pedal switch was put 
in the cage and the syringe was set to 
inject 10 milligrams of morphine per 
kilogram every time the rat pressed 
the pedal. 

In this situation it was not long be
fore the rat happened to press the lever. 
Immediately it got a shot of morphine. 
After a few repetitions of the response 
(pressing the pedal) and the reinforce
ment (the injection) the rat began to 

press the lever at regular intervals
about once every two hours, more or 
less, depending on the individual. Some 
of the rats went into a sort of trance 
immediately on receiving the injection, 
sometimes resting on the pedal for 
about a minute. But as soon as they 
were prodded they would move about 
normally without any evidence of the 
depressive effects of morphine. 

One might be tempted to assume at 
this point that the rat "liked" the mor
phine, but it is important not to read 
human reactions and emotions into an 
animal's behavior. Moreover, although 
human morphine addicts say they "like" 
the drug, even in humans it is not clear 
to what extent the drug is a positive 
pleasure- and to what extent it simply 
brings relief from the rigors of absti
nence. The fact is that the rat may not 
"like" the morphipe at all but has 
learned that pressing the pedal stops the 
punishment of early abstinence. 

1-1 aving established addiction and self-
injection, I tried decreasing the 

dose administered with each response 
on the pedal. When the dose was cut 
from 10 to 3.2 milligrams per kilogram, 
the rats responded more frequently in 
an effort to satisfy their habit [see top 
illustration on page 50]. Then I discon
nected the syringe completely so that 
the rats received no drug at all for their 
efforts. There was an abrupt increase in 
the frequency of responses, which then 
diminished gradually as the rats devel
oped a severe abstinence syndrome. 
They became nervous and agitated (but 
never vicious), breathed rapidly, tried to 
escape from their cages and were sensi
tive to handling, as if being touched 
were painful. Gastrointestinal activity 
increased, the feces became soft and by 
the next morning the rats had suffered 
as much as a 20 per cent loss in weight. 
They were very sick rats, but a single in
jection put an end to all their symptoms. 

In a second experiment the one-to
one relation between response and in
jection was changed. When a rat had to 
respond 10 times in order to get one 
dose, it would press the pedal rapidly 
until it received an injection and then 
leave the pedal untouched until it was 
time for another shot. This seemed to 
me one of the most intriguing aspects 
of the study. One might have expected 
that the motivation for the response was 
a gradual increase in the severity of the 
abstinence syndrome, but in that case 
the rat would at first respond only spo
radically-not trying very hard-and then 
respond more rapidly until it finally got 
an injection. vVhat seems to happen in-
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stead is that at a precise and reasonably 
predictable moment the rat is motivated 
to start working for the drug and that 
it then presses the pedal steadily until 
it gets the injection, which produces 
almost immediate satiation. It is prob
ably the onset of abstinence that trig
gers the first responses, but there are no 
obvious symptoms at that point. 

With R. James Collins I went on 
to increase the ratio between responses 

and injections, leaving the dose fixed. 
First we stabilized the addiction for a 
few days at a ratio of 10 responses to 
one injection. Then we increased the 
ratio each morning, first to a ratio of 20 
to one and then in an approximate geo
metric progression to 32, 50, 75, 120, 
180, 270 and 400 [see illustration on 
page 51]. With the change from 10 to 
32 the number of injections obtained 
per day decreased somewhat, but as the 

ratio went from 32 to 120 there was 
only a small further drop in injections: 
the rats nearly compensated for the 
ratio change by responding more often. 
The reason they did not compensate 
completely apparently was that the ef
fects of an injection still lasted about as 
long as at lower ratios; it took longer 
and longer to get an injection, but once 
the shot was administered satiation was 
complete and the rat did not start re-

ADDICTED RAT takes drug injections at will by pressing the 

pedal. The drug solution comes down the tube to the clamp, 

where it passes through a liquid.tight "stuffing box" and a swivel 

and thence into another tube that is woven along a sprocket 

chain. The chain prevents the tube from twisting as the animal 
moves about its cage. The jar at right contains drinking water. 
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The etonitazine was removed at B, and after a while the rat resumed its self·injections. 
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sponding again until it needed more ot 
the drug. 

As the ratio passed 120 the number 
of injections decreased, until at 400 to 
one the rats were obtaining very little 
morphine. \Vhereas responses had been 
steady at the lower ratios, above 120 
the rats would stop pressing the pedal 
for a few minutes and then begin again, 
further lengthening the response period. 
There were some indications that when 
injections were delayed by the long re
sponse periods required, the interval 
before the next injection was also pro
longed. Unlike human addicts, rats do 
not anticipate their needs! 

In t�e next modification we kept the 
ratlO at one response per injection 

but decreased the dose every day. We 
had noticed that in the first experiment 
a reduction in the dose from 10 to 3.2 
milligrams per kilogram had only about 
doubled the number of doses per day, 
with the result that the total intake of 
morphine decreased. There was also a 
tendency, at the lower dose level, some
times to take more than one dose at a 
time. We tentatively interpreted this as 
an effort by the rat to "titrate" its mor
phine requirements-to find the exact 
dose that would satisfy it. To test this 
hypothesis we began with 10 milligrams 
per kilogram and reduced the dose each 
morning in a geometric progression: 10, 
3.2, 1, .32 and so on. We expected that 
the rats would manage to keep their 
total daily intake about the same for at 
least two successive dose levels, making 
up for the reduction in dose by increas
ing the number of injections. Instead we 
found that as the dose was cut each day 
to about a third of what it had been, 
the number of injections continued 
merely to double. When the dose went 
below .32, there was little further in
crease in the number of injections and 
the rat was receiving hardly any of the 
drug. \Ve have no good explanation for 
this result. It does seem to indicate that 
the size of the individual injection is a 
factor in maintaining a high drug in
take, possibly because of a "jolt" at the 
moment of injection or some effect of 
a momentarily high drug level in the 
blood. 

We were able to use our experimental 
system to compare the relative potency 
of various opiate drugs by substituting 
them for morphine in addicted rats. Di
hydromorphinone (Dilaudid) and meth
adone (Dolophine), both of which are 
more potent than morphine in human 
beings, were also more potent in rats. 
On the other hand, codeine, which is 
not so potent for human addicts, was 
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VARYING THE RATIO between responses and injections af
fected the total intake of morphine as shown in these sample 
records. The dose remained at 10 milligrams per kilogram for 
each injection, but the rats were made to respond from 10 to 400 

times to get each injection (colored dots). At low ratios they com
pensated quite well, working faster to maintain their intake. At 
higher ratios they responded more sporadically and took longer 
for each injection, until finally they were receiving very few. 
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almost as effective as morphine itself in 
the animals. An attempt to substitute 
the synthetic drug meperidine (Dem
erol) was a failure: the rats killed them
selves with an overdose. Apparently 
nothing short of a lethal dose of this drug 
was able to satisfy the rats' addiction. 

In a final series of experiments we 
investigated the effect on morphine in
take of the administration of a second 
drug. We began by putting into the rats' 
drinking water five milligrams per liter 
of etonitazine, a synthetic morphine-like 
drug that apparently does not taste bad 
to rats. The drugged water was substi
tuted for plain water at eight o'clock 
one morning and removed 24 hours 
later, and it caused a marked decrease 
in morphine injections [see bottom illus
tration on page 50]. The decrease was 
not apparent at first because rats, being 
nocturnal animals, do most of their 
drinking (and eating) at night, but late 
in the day morphine intake practically 
ceased. The injection-free period lasted 
for several hours after the drugged 
water was removed because the animals 
first had to eliminate the etonitazine 
consumed in the early-morning hours. 

To conduct more precise experiments 
we connected a constant-rate infusion 
pump to the intravenous tubing along 
with the syringe driver in order to ad
minister various drugs by continuous in
fusion and determine their effect on the 
voluntary intake of morphine. The test 
drugs were infused for 24-hour periods 
alternated with periods in which salt 
solution was infused as a control. As �e 
had expected, the infusion of morphine 
or codeine reduced the voluntary injec-

tions, and the decrease was related to 
the rate of infusion. Meperidine, which 
had killed rats when it was directly sub
stituted for morphine, now simply de
creased the morphine intake, because 
the amount of meperidine administered 
was less than enough to satisfy the rats' 
requirements. 

The morphine molecule can be modi
fied slightly by substituting an allyl 
group (C3H5) for a methyl group (CHa). 
The resulting molecule is a morphine 
antagonist called nalorphine. In medi
cine this drug is used to treat an over
dose of morphine and also to detect mor
phine addiction quickly. Given to an 
addict, nalorphine temporarily counter
acts the morphine in his body and pre
cipitates a short-lived withdrawal reac
tion. When nalorphine was continuously 
infused into addict rats, it stepped up 
their morphine intake. Apparently it 
nullified the effect of some of the mor
phine in their bodies and made them 
feel the need for more of the narcotic. 

Monkeys react to addicting drugs 
more like humans than rats do. It there
fore seemed to workers in the University 
of Michigan group that self-injection 
experiments with monkeys might pro
vide information with more direct bear
ing on problems of human addiction, 
and particularly data on the compara
tive effects of various drugs. Recently 
Deneau and Tomoji Yanagita have 
solved the technical problems involved 
in designing a saddle-and-swivel ar
rangement for monkeys-a challenging 
task in view of the almost uncanny abil
ity of monkeys to undo fastenings and 
escape from restraint. The Michigan ex-

periments are still in a preliminary 
stage, but they have already demon
strated that monkeys can keep them
selves addicted by self-injection for 
many months; one monkey has main
tained its addiction for 21 months. 

I ntravenous administration of drugs to 
relatively unrestrained animals has so 

far been applied only to the study of 
addiction, but it has many other poten
tial applications. To the behavioral sci
entist it offers a means of studying the 
effects of various intravenously admin
istered compounds as reinforcing agents, 
alone or in combination with conven
tional reinforcements. Apart from be
havioral studies, continuous intravenous 
administration promises to improve the 
precision of administration of drugs in 
long-term experiments. Such investiga
tions usually involve dosing animals 
two or three times a day, with resulting 
peaks and valleys in the concentration 
of the drug in their blood; continuous 
infusion will maintain a fairly constant 
level. 

It should be emphasized that animal 
studies of addiction can illuminate only 
certain phases of the problem of hu
man addiction. These include physical
dependence phenomena in particular 
and perhaps some of the fundamental 
aspects of behavior in relation to drugs. 
Human addiction must, however, be re
garded as a combined physical and men
tal illness, and an understanding of its 
mechanism and treatment will have to 
come from research not only by pharma
cologists but also by physicians, psychia
trists and social scientists. 

ADDICTED MONKEYS in the test colony at the University of 

Michigan remain contented and apparently in good health as 

long as they are receiving morphine every six hours (left). De

prived of morphine, they develop abstinence syndrome (right). 
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Report from 

Spontaneous spreading of a liquid on a solid occurs when surface tension of the solid (Fs) is greater than the sum of the 
surface tension of the liquid in contact with its vapor (FLV) and the interfacial tension between the solid and liquid (Fsd. 

A NEW WAY OF LOOKING AT ADHESION 

It is well known that any two 

clean solids will form a strong 

joint if their contacting sur

faces are ideally fiat and smooth. 

But real surfaces are rough and 

do not provide the proper inter

facial contact necessary for 

forming a strong joint. 

If, however, one of the ma

terials is a liquid that spreads 
spontaneously over the second 

material, interfacial contact 

occurs extensively and rapidly. 

Thus the key to making strong 

joints is to have one material 

in the form of a liquid which 

"wets" the second material. 

By the proper application of 

this simple theory of adhesion, 

research chemists at Bell Labo

ratories have made strong ad

hesive joints between what had 

previously seemed to be "un

bondable" materials-for ex

ample, epoxy and solid untreated 

polyethylene. The procedure is 

first to cure the epoxy to its solid 

form, and then to bring it into 

contact with molten polyethyl

ene. The molten polyethylene 

spreads on the epoxy and when 

solidified forms a strong joint. 

While a complete understand

ing of the bonding process must 

await further research, detailed 

consideration of the spread

ability concept seems to be in

valuable in dictating which one 

of a pair of materials must be 

put into the liquid state to form 

the joint. BELL TELEPHONE 

LABORATORIES, World Center 

of Communications 

Research and Develop

ment. 
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T
entative evidence has been re
ported for the existence of the 
"intermediate boson," also called 

the w particle. This subnuclear particle 
may be the quantum, or carrier, of the 
"weak" force of physics, in the same 
sense that the pion is the quantum of 
the nuclear, or strong, force and the 
photon the quantum of the electromag
netic force. 

If the w particle exists, it can be 
observed only in particle interactions of 
great rarity, and then only indirectly. 
According to theory it may be created 
by the collision of a high-energy neu
trino and a proton. The collision would 
produce a w particle and a muon. The 
w should decay almost instantly into a 
muon and a neutrino or into an electron 
and a neutrino. In a bubble-chamber or 
spark-chamber photograph the muon or 
electron from the w decay would appear 
to arise at the same point as the muon 
produced as a direct result of the colli
sion. In other words, the "signature" of 
the w particle would be two tracks iden
tifiable as two muons or as a muon and 
an electron. 

To search for this signature an elabo
rate experiment has been under way for 
almost a year at the European Organi
zation for Nuclear Research (CERN) in 
Geneva. Protons accelerated to 25 bil
lion electron volts in the CERN alternat
ing-gradient synchrotron are brought 
out of the machine and strike an ex
ternal target. The collision produces a 
beam of pions that decay in flight into 
muons and neutrinos. The resulting 
beam impinges on some 6,000 tons of 

SCIENCE AND 
steel shielding, which filters out every
thing b�t the neutrinos. These virtually 
inert particles, which have no electric 
charge and no mass, enter two massive 
particle detectors: a 30-ton spark cham
ber and a bubble chamber containing 
half a ton of a heavy liquid. Although 
the beam contains 100,000 neutrinos 
per second per square centimeter, only 
about four interactions are observed per 
day for each ton of material in the 
detectors. The only established interac
tion is one in which a neutrino trans
forms a neutron into a proton, with the 
simultaneous emission of a muon. 

The CERN experiment has confilmed 
the discovery made earlier at the 
Brookhaven National Laboratory that 
there are two kinds of neutrino, one 
produced in association with muons and 
the other in association with electrons 
(see "The Two-Neutrino Experiment," 
by Leon M. Lederman; SCIENTIFIC 
AMERICAN, March, 1963). According to 
Victor F. Weisskopf, director of CERN, 
the experiment has also yielded evi
dence that the w particle is produced in 
about 1 per cent of all the neutrino 
interactions. CERN investigators are 
continuing their experiments and re
checking their results before saying 
flatly that w exists. 

Hypotheses Confirmed 

Two of the central hypotheses con-
cerning the genetic code and the 

synthesis of proteins have been con
firmed by experimental studies. The 
first hypothesis is that the sequence of 
amino acid subunits in a protein is 
speCified by the sequence of nucleotide 
subunits in the gene bearing the code 
for that particular protein. The second 
hypothesis, for which there was already 
some evidence, is that the number of 
nucleotides needed to specify one amino 
acid is three. 

Confirmation of the first hypothesis 
was revealed in Nature by A. S. Sarab
hai, A. o. W. Stretton and Sydney 
Brenner of the Medical Research Coun
cil's Laboratory of Molecular Biology in 
Cambridge, England, and A. Bolle of 
the University of Geneva. They made a 
detailed study of mutations affecting the 
protein that forms the jacket of the head 
of a bacterial virus known as T4D. Their 
first step was to cross and recross virus 
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THE CITIZEN 
mutants to produce a map showing in 
linear sequence the location of 10 dif
ferent mutation sites in the gene bearing 
the code for the jacket of the virus. Each 
of the virus mutants was then grown 
in the presence of various nonradioactive 
and radioactive amino acids, which the 
virus assembled into polypeptide chains 
(either the entire protein for the jacket 
or a fragment of it). When the polypep
tides were analyzed, it was found that 
those made by the mutants lacked one 
or more of the radioactive amino acids. 
Moreover, the length of the polypeptide 
chain could be correlated with the 
genetic map of mutation sites. Evidently 
a mutation inserts a "nonsense" codon, 
or "word," in the genetic code so that 
the code can be "read" only up to that 
point when a polypeptide is being syn
thesized. 

That the number of nucleotides in a 
codon is three was reported in a sepa
rate Nature article by Theophil Staehe
lin, Felix O. Wettstein, Hikokichi Oura 
and Hans Noll of the University of Pitts
burgh School of Medicine. It had been 
clear that the length of the codon could 
be determined if one could determine 
the number of nucleotides in a particu
lar gene and the number of amino acid 
subunits in the protein specified by that 
gene. For this purpose the Pittsburgh 
group studied the length of "messenger" 
ribonucleic acid (RNA), which is formed 
on a template of the genetic material 
deoxyribonucleic acid and contains the 
same number of nucleotides as the ge
netic message copied. Messenger RNA 
then becomes a part of the protein
assembly mechanism known as a polyri
bosome (see "Polyribosomes," by Alex
ander Rich; SCIENTIFIC AMERICAN, De
cember, 1963). Polyribosomes consist of 
several small bodies called ribosomes 
linked together by a single strand of 
messenger RNA. Ribosomes travel along 
the strand from one end to the other, 
producing as they go a polypeptide 
chain in accordance with the instruc
tions contained in the messenger RNA. 

By studying the rate at which various 
polyribosome fractions sediment when 
they are spun in an ultracentrifuge, the 
Pittsburgh group computed that the 
messenger RNA that carries the code for 
the blood protein hemoglobin has a 
length of about 450 nucleotides. Since 
the protein has about 150 amino acid 

This fully-automatic. in-line plant for high tonnage production of freeze· 

dried foods is nearing completion. It·s a Stokes unit _ _  . the first of its kind_ 

Freeze-drying ... new frontier 
for food technology 

Preserving foods by freeze

drying provides an effective 

answer to a long-standing prob

lem of food technologists: How 

to process perishable foods for 

room-temperature storage 

without losing nutritional value 

or destroying fla vor and texture. 

As a result of close cooperation 

between the food industry and 

Stokes vacuum specialists, flex

ible, high-production freeze

drying systems are processing 

seafoods, poultry, dairy prod

ucts, meats, fruits, and vege

tables for leading food com

panies. Equally exciting is the 

development of freeze - drying 

for fruit juices as well as coffee 

and tea concentrations. 

Stokes has been highly suc

cessful in applying new high

vacuum techniques to the solu

tion of modern-day problems 

in other industries. If you would 

like to learn how vacuum can 

be applied most profitably to 

the vacuum deoxidation of 

metals, to vacuum impregna

tion or metallizing, to quantity 

drying of chemicals and other 

granulated solids, or to any 

other process which can be 

carried out more effectively 

under high-vacuum conditions, 

call or write Vacuum Equipment 

Division, F. J. Stokes Corporation, 

5500 Tabor Road, Philadelphia, 

Pa.19120. 

STOKES 

F. J. STOKES CORPORATION: PHILADELPHIA / LONDON / TORONTO 

55 

© 1964 SCIENTIFIC AMERICAN, INC



A FUNNY THING 

HAPPENED 
ON THE WAY TO MARKET 

Little did we know when we developed the 
LIFE-ISLAND' Hospital Patient Isolation System 
that our unique method of complete access to 
a large volume with one pair of gloves and our 
complete control of the enclosed atmosphere 
would result in the WHITE-BENCH'. 

Although originally designed as an ultra-clean 
work station for from one to eight workers, 
our very clever customers have taken the 
WHITE-BENCH and put it to uses that we did 
not anticipate. such as: 

An inert gas-filled assembly bench 
A 95% R.H. inspection station 
Refinery for ultra-pure metals 
A sterile laboratory area 
Mobile clean repair station 
A low humidity work station 
Containment of powder processes 
Cleaning, assembly & packaging line 
A variable temperature work area 

If you are clever and need a controlled, con
tamination-proof work area let us know about 
it. 80% of WHITE-BENCH systems can be made 
up from standard modular components with 
almost immediate delivery. Special systems 
take longer and cost more, obviously. 

'TM 

Selecte·d Representative 
Areas Available 

MATTHEWS RESEARCH, INC. 
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4306 Wheeler Avenue 
Alexandria, Virginia 

Phone: 703-548-1600 

subunits, the ratio of nucleotides to 
amino acids is three to one. 

Luminescent Moon? 

New observations of the moon suggest 
that at least some lunar rocks emit 

light in response to bombardment by 
subatomic particles from the sun. The 
observations may also have identified 
the speCific type of meteorite whose 
impact created the lunar crater Kepler. 
The investigation was reported in Nature 
by Zdenek Kopal and Thomas W. Rack
ham of the University of Manchester. 

The observations were stimulated by 
laboratory studies of meteorites by C. 
J. Derham and J. E. Geake, also of the 
University of Manchester. They had 
subjected samples of many types of 
stony meteorite to a beam of protons 
with an energy of 40,000 electron volts; 
protons of this energy are characteristic 
of the "wind" of particles expelled by 
the sun. Most of the material evinced no 
luminescence of interest, but powdered 
samples of three different enstatite 
achondrites (stony meteorites without 
grainy inclusions and relatively rich 
in the mineral enstatite) emitted a 
strong peak of luminescence at a wave
length of about 6,725 angstrom units, 
in the red region of the visible spectrum, 
and a much weaker peak at about 4,000 
angstroms, in the blue. 

On the night of November 1-2 last 
year, at Kopal and Rackham's request, 
the 24-inch refracting telescope at the 
Pic-du-Midi Observatory in France, 
equipped with filters that excluded al
most all light except that at 6,725 
angstroms, was used to make photo
graphs in the region of the craters 
Aristarchus, Copernicus and Kepler. For 
comparison a photograph with a green 
filter was made shortly after each ex
posure in the red. On the first and 
third of three photographs in the red, 
the region around Kepler showed strong 
luminescence, whereas no unexpected 
glow and no change was visible on the 
three plates exposed in the green. The 
next night, November 2-3, there was no 
luminescence in the red. 

Kopal and Rackham reported that 
two solar flares occurred on November 
1, the first about 8)� hours before the 
initial appearance of luminescence 
around Kepler and the second also 
about 8)� hours before the second ap
pearance of the luminescence. No flares 
were observed on November 2. Kopal 
and Rackham suggest that high-energy 
protons from the flares, which would 
have been about 300 times more numer
ous and 10 times more energetic than 

0 
I I 

0 
we'll divide 

to 
your 

specifications 

• 
� Precision dividing-circular 
and linear-is a specialty of W. & 
1. E. Gurley where an unparalleled 
array of Swiss-built dividing en
gines and custom-built American 
machines, in the hands of vet
eran craftsmen, provides accu
rate, quality precision dividing on 
metals and glass by ruling, milling, 
scribing, photographic projection. 

What can we divide for you? 

w. & L. E. GURLEY 
562 Fulton Street, Troy, New York 
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those in the quiet solar wind, caused 
the region of Kepler to glow red. They 
also point out that the protons would 
have had to pass close to the earth on 
the way to the moon and might have 
been focused by the earth's magnetic 
field, which would help to account for 
the strength of the glow at Kepler. A 
further interpretation is that the mete
oritic debris in and around Kepler close
ly resembles the three enstatites studied 
by Derham and Geake. (It was not sug
gested that the luminescence was in any 
way related to the glowing red areas on 
the moon seen by five U.S. astronomers 
and reported in this department last 
month.) Kopal and Rackham add that 
the results open up possibilities for in
vestigations of the sun through studies 
of the reaction of the surface of the 
moon to solar events. 

Redistricting by Computer 

A proposal for establishing election-
district boundaries more objective

ly has been advanced by James B. 
Weaver and Sidney W. Hess of Wil
mington, Del., respectively an engineer 
and an operations research analyst. 
Writing in the Yale Law fournal, they 
say that both courts and legislatures in
volved in districting might find helpful 
-particularly in light of the Supreme 
Court's 1962 decision in Baker v. Carr 
that the courts can review the con
stitutionality of state legislative appor
tionments-a districting procedure that 
"divorces the results reached from the 
claims of partisan interests." 

The authors suggest that an official 
body undertaking to draw election-dis
trict boundaries equitably would want 
to use at least the criteria of popula
tion equality, contiguity and compact
ness. Population equality means simply 
that each district should have about 
the same number of people in it as any 
other district; contiguity is the absence 
of "uncouth shapes." Weaver and Hess 
concentrate on presenting a measure of 
compactness that emphasizes popula
tion as well as geography. 

For this they draw on "analogous 
measurements in mathematics and phys
ics," notably the "moment of inertia" 
that measures the dispersion of a rotat
ing body's weight about the axis of ro
tation. The moment of inertia for a pop
ulated area (the authors use as basic 
populated areas the Bureau of the Cen
sus' "enumeration districts," each of 
which has a population of about 1,000) 
is ascertained by multiplying the popu
lation by the squared distance from the 
area to the assumed population center of 

ttWhy this TV recorder 
is best for me (or you)" 

There are many reasons why the PI-3V portable TV recorder 
is by far the most widely used in closed-circuit television. 

Below are a few of the reasons; for others, send your name 
and address to get a copy of our new brochure. We'l! also 
arrange, if you'd like, for a live demonstration in your office. 
Address us at 3170 Porter Drive, Palo Alto 12, California. 

"What we do with a TV recorder in a 
helicopter is top secret. But it's no secret 
that the PI-3V is the only machine small 
enough and light enough to do the job:' 

"Within seconds we can play back the ac
tion, and see what went wrong. And with 
'Stop-Motion;* we can hold the picture 
still while we study any part of any play:' 

"Some of these environmental tests get 
alittle rough. With the PI-3V, we can let 
the camera do the watching. It's safer, 
saves lots of man-hours, and also gives 
us a permanent record of what happens:' 

"I like the idea of the economy of i-inch 
tape. There's no inherent mechanical or 
electrical reason for 2-inch tape; conse
quently the PI-3V is smaller, less com
plex, and more reliable:' 

PRECISION 
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New FLUKE Model 840A 

ELECTRONIC GALVANOMETER 
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Model 840A is a solid state electronic galvanometer of 

unique design, with 2 nanoamperes per scale division 

sensitivity. 

Operable in any position, the Model 840A has better 

than 50 times the power sensitivity of the most sensitive 

light-beam galvanometer it is designed to replace in OEM 

applications. Current overloads of more than 110 db on the most sensitive 

range cause no damage. 

Separate mounting case, mercury battery kit, or AC power pack are 

optional accessories. The instrument has passed rugged environmental 

tests; mechanical design includes flow-soldered glass-epoxy PCB's. Con

venient recorder output provides 100 mv DC full scale on all ranges. 

BRIEF SPECIFICATIONS 
DC CURRENT SENSITIVITY: 

30·0·30 nanoamperes, full scale (2 na/scale 
div.) 

300·0·300 nanoamperes, full scale (20 na/scale 
div.) 

3·0·3 microamperes, full scale (200 na/scale 
div.) 

INPUT IMPEDANCE: 
Approximately 150 ohms, all ranges 

INPUT ISOLATION FROM CHASSIS: 
Greater than 10'0 ohms (lOOV maximum po

tential between chassis and input) 

TEMPERATURE RANGE: 
Operating: O°C to 50'C 
Storage: -40'C to 85'C 

HUMIOITY: 
o to 90% 

SIZE: 
5'/2" high x 3" wide x 43/4" behind panel 

PRICE: $175.00 
A84-1 metal instrument case $ 20.00 
A84-2 mercury battery kit $ 5.00 
A84-3 AC power pack $ 25.00 

Prices and specifications subject 
to change without notice. 

John Fluke Mfg. Co., Inc., Box 7428 
Seattle, Wash. 98133. Tel. 206-776-1171 
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• 

�. 
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Send for complete specifi
cation data on Model 840A 
and new Catalog Digest 
64A. Describes over 40 
models of differential volt
meters, power supplies, 
voltage calibrators, micro
vol t poten tiometers and 
other Fluke precision test 
and measurement instru
ments. Lists nearest Fluke 
sales representative. 

IFLUKEI 

a "legislative district," which is a region 
electing an official such as a member 
of the state legislature. Adding the 
moments of inertia for the enumeration 
districts gives the moment of inertia 
for the legislative district; the smaller 
the sum, the greater the compactness. 
Because arriving at these figures requires 
numerous calculations, the authors pro
pose the use of a computer. 

In a trial run the authors went 
through their procedure for the six seats 
that Sussex County in Delaware has in 
the state House of Representatives . 
They arrived at a plan of contiguous 
districts ranging in population from 
12,053 to 12,342 and meeting their 
definition of compactness. They write 
that their method "will tend to locate 
districts of maximum compactness 
around centers of population" and "to 
favor districts coincident with commu
nities of economic or other interests." 

Single-Cell Muscle Control 

The contraction of a muscle is a sum-
mation of many tiny and transient 

twitches in a number of "motor units," 
each composed of a few microscopic 
muscle fibers and the single nerve cell 
that controls them, a motor neuron in 
the spinal cord. Now John V. Basmajian 
of Queen's University in Kingston, 
Ontario, has demonstrated that a person 
can control an individual motor unit
can, in other words, consciously call on 
one motor neuron in many thousands in 
the spinal cord and cause it to fire while 
suppressing the activity of its neighbors. 

Neurophysiologists knew that the 
electrical impulses associated with the 
twitches of neighboring motor units dif
fer from one another and can be identi
fied by their characteristic shape on an 
oscilloscope. In 1960 Virginia F. Harri
son and Otto A. Mortensen of the Uni
versity of Wisconsin Medical School 
recorded individual motor-unit activity 
in a leg muscle. Basmajian decided to 
explore the extent to which such activ
ity could be consciously controlled. 

He inserted fine wire electrodes into 
a small muscle at the base of the thumb. 
The wires were connected via an ampli
fier to two oscilloscopes, a loudspeaker 
and a tape recorder. When a "wired" 
subject contracted the muscle, he saw 
the resulting spikes on the oscilloscope 
and heard a popping sound over the 
loudspeaker; he learned to make slight, 
invisible contractions that were appar
ent to him only because of these visual 
and audible responses, which acted as 
feedbacks that the nervous system nor
mally lacks. Volunteers learned to relax 
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the whole muscle, then to activate a 

single motor unit, to repress that one 
and activate another and then a third; 
some subjects went as far as five. Sev
eral subjects were able on command to 
activate any one of several units identi
fied by letters: the experimenter said, 
"Give me c," and the subject twitched 
unit c. In later experiments 10 out of 
11 subjects could control the frequency 
of single units well enough to produce 
galloping rhythms, doublets and drum 
rolls. 

Through a Glass That Darkens 

A reversible photo chromic glass-one 
that darkens on exposure to light 

and clears again when the light fades
has been invented by S. Donald Stookey 
and William H. Armistead of the Cor
ning Glass Works. Photochromism is the 
phenomenon of color change caused by 
light, and it affects many materials. 
Photographic film provides the most 
familiar example: crystals of silver chlo
ride, silver bromide or silver iodide in 
an emulsion decompose to form a metal
lic silver image when they are exposed 
to light and development. 

The Corning workers developed tech
niques whereby similar silver halide 
crystals are precipitated in silicate glass 
during a cooling and reheating cycle. 
The particles are much smaller than 
those in a photographic emulsion; there 
are some eight million billion of them in 
a cubic centimeter of the glass. On ex
posure to light ranging from the near 
ultraviolet into the visible spectrum, the 
crystals change to metallic silver in a 
matter of seconds and darken-and so 
does the glass. But apparently the small 
size of the crystals and the fact that 
they are embedded in rigid, chemically 
inert glass keeps the color centers from 
growing into stable silver particles. 
When the light is reduced or extin
guished, the silver halide is reconsti
tuted and the glass clears in a few 
minutes or hours. Corning expects to 
find uses for the new glass in windows, 
windshields and sunglasses that adjust 
their transmittance of light to prevailing 
conditions, in display devices and in 
"light valves" for optical systems. 

Electrical Ecosystem 

A photoelectric ecological system with 
a half-volt potential between a top 

layer of blue-green algae and a bottom 
layer of anaerobic bacteria is described 
in Science by Neal E. Armstrong and 
Howard T. Odum of the University of 
Texas Institute of Marine Science. The 

MATERIALS IN SPACE ENVIRONMENTS 

The nature of the interactions between atomically clean surfaces is at 
best only poorly understood. Conditions which will magnify the effects 
of surface forces are present under space environments. These condi
tions are of major importance when one considers long term exposure 
of materials to ultra high vacuum. elevated temperatures. high radiation 
fluxes. etc. These are the environmental conditions one can expect 
during the orbital life of a space vehicle. 

Prediction of the behavior of materials in such systems hinges on a more 
fundamental understanding of the nature of the forces involved. One 
such program involves the study of the adhesion between atomically 
clean metal surfaces under ultra high vacuum. Other projects in ion or 
gas plating provide basic data in auxiliary fields dealing with interfaces. 

Sandia Corporation is a Bell System subsidiary and a prime contractor of 
the Atomic Energy Commission engaged in research. design and develop
ment of the non-nuclear phases of nuclear weapons. At Sandia you would 
work in Albuquerque or in Livermore in the San Francisco Bay area. 

Sandia scientists and engineers do related work in many diversified 
fields including: Physical sciences research; Mathematical and statistical 
studies; Electronic and mechanical design and development of systems 
and components; Environmental testing; Reliability and quality control. 

Sandia Corporation recruits on many major campuses and is primarily 
interested in recent and current outstanding graduates in many of the 
engineering and scientific disciplines at all degree levels. Consideration 
of applicants is based solely on qualifications and without regard to race. 
creed. color or national origin. U.S. citizenship is. however. required. 
For current opportunities. contact the Sandia recruiter at your college 
or write Professional Employment Organization 3151. Ref. 569-5. Sandia 
Corporation. Post Office Box 5800. Albuquerque. New Mexico 87115. 

ALBUQUERQUE. NEW MEXICO / LIVERMORE. CALIFORNIA 

59 

© 1964 SCIENTIFIC AMERICAN, INC



Pro b I e 

#1 

Chlorendic Anhydride could be the answer! 
Breakdown due to heat distortion is a very 
common cause of electronic parts failure. It 
can cause loss in desired service performance 
of the component and of the assembly re
sulting in malfunction of communication 
equipment and guidance systems. It can con
found computers and even cause contracts to 
be cancelled. If you manufacture electronic 
parts or components, we suggest you look into 
Velsicol Chlorendic Anhydride, a di·functional 
acid anhydride containing a remarkably stable 
chlorinated bicyclic structure. This chemical 

as part of the encapsulation material of parts 
and components can result in a substantial 
increase in the material's heat distortion 
temperature with the added bonus of fire 
retardancy. Chlorendic Anhydride adds 
little to cost, but it can mean the dif· 
ference between function and malfunc
tion, success and failure. Write for testing 
samples. Find out for yourself. � 
VElSICOL CHEMICAL CORPORATION � 
341 E. OHIO STREET, CHICAGO� ILLINOIS 60611 

ask 
Ve/sico 

INTERNATIONAL REPRESENTATIVE: VELSICOL INTERNATIONAL CORPORATION. C.A. P.O. BOX 1687 NASSAU, BAHAMAS, 8. W.1. 
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Two steps 
we've taken: 
1 Started construction that 

• will double the size and 
capacity of the Fairchild 
Research and D evelopment 
Lab orat ory-al ready the 
largest in the semiconductor 
industry. 

2 Diversified our product 
• line to include test instru

mentation, circuit modules 
and microwave components 
-in addition to the industry's 
largest selection of silicon 
Planar transistors, diodes 
and integrated microcircuits. 

Step three: 

3 Hire the additional en
• gineers and s cientists 

needed to continue this rapid 
expansion. 

( Write ) 
J. A. Anderson, 

Professional Placement 
Director. 

AN EQUAL OPPORTUNITY EMPLOYER 

FAIRCHIL...C 

SEMICONDUCTOR 
545 WHISMAN ROAD MOUNTAIN VIEW, CALIFORNIA 

TELEPHONE: 415·962·5011 

Fairchild Semiconductorl A Division of Fairchild Camera and Instrument Corporation 

system is found as a thin mat on the 
bottom of shallow marine bays in south
ern Texas. 

The algae at the top of the system are 
stained with an iron complex that dark
ens them and decreases the intensity of 
light reaching lower layers of algae, 
where maxijTIum growth occurs. Below 
these layers, resting on the mud of the 
bottom, is a layer of decomposing algae 
that harbors the bacteria. Oxidizing 
conditions prevail in the layers of living 
algae and reducing conditions in the 
bacterial layer. In the reducing region 
nutrients needed by the algae, such as 
nitrates and phosphates, are maintained 
in a soluble state; they would be insolu
ble in the oxidizing region. 

The half-volt potential detected 
across the layers by Armstrong and 
Odum may, they suggest, serve the pur
pose of moving positive ions up and 
negative ions down. Thus whereas the 
bacteria would be using carbon and 
other substances from the dead algae, 
the algae would obtain the positively 
charged ions of the soluble nitrates and 
phosphates from the bacteria. 

Mysterious Whisky 

What makes Scotch whisky taste like 
Scotch whisky? Numerous distillers 

outside Scotland have tried to duplicate 
the flavor and have failed. E. C. Barton
Wright, a biochemist, writes in the 
British magazine New Scientist that the 
flavor "is a complete mystery" and has 
remained so in spite of all attempts to 
analyze it. 

Scotch is made from barley starch 
that is converted to malt and then 
mixed with water to make wort. With 
the addition of yeast the wort felments 
to produce a beer; distillation of the 
beer produces whisky. Aging and blend
ing are the final steps. 

The characteristic flavor of Scotch 
has been attributed variously to the 
peculiarities of the barley, the custom 
of curing the malt over peat fires and 
the quality of the brook water mixed 
with the malt. Barton-Wright says that 
whatever the truth, it has proved inac
cessible to outsiders for the related 
reasons that "the production of whisky 
is undoubtedly an art" and that "the 
secrets of a distillery are as closely 
guarded as those of a papal conclave." 
Yet even when the secrets have pre
sumably been revealed, as in an Austra
lian effort to make Scotch with "whisky 
experts and raw materials . .. sent from 
Scotland," the ventures have ended in 
failure. As a result "we are left with a 
genuine mystery." 
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ELECTRO INSTRUMENTS ANNOUNCES 

OF LOW INVESTMENT LOGGING SYSTEMS 

.,.. .-1 • 

I 
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PRICED 10 TO 30% BELOW COMPARABLE 
CUSTOM DESIGNED DATA SYSTEMS! 

By Dr. Walter East 
President, Electro Instruments, Inc. 

A company president, when he 
announces a new line of products, is 
expected to wax eloquent over every 
minute improvement. 

The result, often, is that he gets so 
involved in "nuts and bolts" talk that 
he never clearly gets across the overall 
benefit to users of the new products. 

I hope I can avoid that mistake in 
making this announcement of our new 

line of Industrial Measuring Systems. 
I could talk about their new styling 

and compact size, achieved through ex· 
tensive redesign. I could mention the 
reduction in the number of separate 
controls which greatly simplify system 
operation. I could make the point that 
their increased flexibility and greatly 
expanded automatic operation enable 
them to handle scores of measuring 
tasks hitherto beyond the scope of small 
general purpose digital systems. 

The Basic New Advantages 
But just four words - "low invest

ment - increased performance" - neatly 

and precisely sum up the basic user
advantages of our new Data Logging 
Systems. Never before has comparable 
custom equipment been available for 
such a low investment. 

Now Is Time To Modernize 
It could be that high equipment costs 

have forced you to delay moderniz
ing or expanding your system of meas
uring or recording vital information. 
That price barrier has just shrunk 
substantially! 

Your nearest EI SALES Engineer 
will gladly give you the news in detail. 
Get in touch with him today. 

[3 
D 

Electro Instruments, Inc. 
8611 Balboa Avenue • San Diego 12, California 

EI SALES, SAN DIEGO. CALIF . •  ELECTRO INTERNATIONAL, INC .. ANNAPOLIS, MD • • TRANSFORMER ENGINEERS. SAN GABRIEL, CALIF. 
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The Circulation of the Upper Atmosphere 

New studies identify regions In the atmosphere that operate like 

heat engines and others that operate like refrigerators. The latter 

mOIJe heat "uphill" and chill regions that otherwise would be warm 

One of the major tasks of meteor
ology is to identify persistent 
large-scale features of the at

mosphere in the hope that they will pro
vide clues to the highly changeable 
patterns seen on the daily weather map. 
It has been demonstrated only in the 
past 20 years or so that the regional 
weather patterns over the Northern 
Hemisphere are linked together by 
large-scale motions in the upper atmos
phere. There is no doubt that the same 
kinds of linkages exist in the Southern 
Hemisphere, although the data there 
are much scantier. 

Within the past six years, with the 
aid of balloons and rockets, a great mass 
of new information has been collected, 
and from it a reasonably complete pic
ture of the general circulation of the 
upper atmosphere has emerged. The il
lustration on the opposite page shows 
how this circulation is dominated by four 
major wind cores, or jets, two in each 
hemisphere. The circulation is shown 
as it exists when it is summer in the 
Northern Hemisphere and winter in 
the Southern Hemisphere. Detailed evi
dence for the upper-level wind core in 
the Southern Hemisphere has not yet 
been obtained, but its existence can be 
inferred from observations made in the 
Northern Hemisphere in winter. Note 
that in winter both the lower and the up
per cores blow from the west. In the 
summer the upper core reverses direction 
and blows from the east. I shall de
scribe in this article how these great 
currents of air identify previously un
suspected regions in the atmosphere 
that can be compared to heat engines 
and refrigerators. Kinetic energy pro
duced by the heat engines is made 
available to the refrigerators, which in 
turn create huge cold regions in the 
upper atmosphere that otherwise would 
be warm. 
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by Reginald E. Newell 

In viewing the illustration on the op
posite page the reader must keep in 
mind that the depth of the atmosphere 
is enormously exaggerated. If the earth 
were represented by a ball six feet in 
diameter, the atmosphere up to a height 
of 80 kilometers (about 50 miles), which 
includes more than 99.999 per cent of 
the total atmospheric mass, would be 
only half an inch thick. And the air di
rectly involved in the daily weather, the 
region below about 15 kilometers, would 
be less than a tenth of an inch thick. At 
the scale on which the earth is drawn in 
the illustration, the 80-kilometer layer 
of the atmosphere would be less than a 
twentieth of an inch thick. 

Ten years ago the balloons common
ly used in meteorology could carry in
struments to a height of only 15 or 20 
kilometers before bursting. During the 
International Geophysical Year, which 
began in July, 1957, a world-wide at
mospheric sounding program was un
dertaken with balloons that could reach 
heights of 30 kilometers. These bal
loons could be tracked by radar to yield 
the speed and direction of the wind, 
and they carried instruments that 
transmitted information about pressure 
and temperature. In addition a number 
of sounding rockets were fired during 
the IGY to gather information on condi
tions above 30 kilometers. It was not 
until 1959, however, that a co-ordinated 
effort was organized by the U. S. to make 
rocket soundings in various parts of the 
Northern Hemisphere on the same day, 
so that a hemisphere-wide picture of 
the general circulation between 30 and 
60 kilometers could be pieced together. 

Light and relatively cheap rockets for 
this purpose had become available as a 
by-product of the space program. On 
reaching peak altitude these small rock
ets eject a radar target, such as "chaff" 
(small metal strips) or a metalized para-

chute or balloon, which can be tracked 
as it falls through the atmosphere. By 
observing how these falling objects are 
carried horizontally by air currents one 
can establish the speed and direction 
of the wind at various altitudes. Bal
loons can also provide information about 
changes in atmospheric density because 
their speed of descent is influenced by 
density. Temperature measurements up 
to altitudes of about 50 kilometers can 
be obtained from a thermometer-and
telemeter package, which descends by 
parachute. 

During 1959, when the meteorologi
cal rocket network was first organized, 
there were fewer than 20 successful 
rocket firings from three different sites. 
Last year there were about 1,000 firings 
from the 13 stations shown on the map 
on page 64. Plans are being made to 
expand the network each year, with 
more and more countries participating 
until there is global coverage. 

Thus in the short space of six years 
the meteorologist has available on a 
regular basis observations from heights 
some four times greater than before. 
Of course, the additional mass of air 
sampled is small (about a tenth of that 
studied previously in the lower atmos
phere), and one must always bear this 
in mind when considering the magni
tude of possible interactions of the 
upper and lower regions. 

Balloon and Rocket Data 

At the Massachusetts Institute of 
Technology we have used the newly ac
quired data to study the general circu
lation of the atmosphere in these higher 
regions following the procedures that 
have been successful for the lower at
mosphere [see "The General Circula
tion of the Atmosphere," by Victor P. 
Starr; SCIENTIFIC AMERICAN, Decem-
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FOUR WIND CORES dominate the circulation of the atmosphere. 

This illustration represents the atmosphere up to an altitude of 

80 kilometers, or about 50 miles. If drawn to scale, this depth of 

atmosphere would be less than a twentieth of an inch thick. The 

cores are shown for summer in the Northern Hemisphere and win· 

ter in the Southern Hemisphere. Arrow lengths are proportional to 

wind speed. Note that the two cores circling the winter hemisphere 

blow from the west but that in summer the upper core reverses 

direction. This reversal is well established for the Northern Hemi· 

sphere and is assumed to hold true for the Southern Hemisphere. 
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ber, 1956]. We try to establish the di
rection of the prevailing winds, the loca
tion of hot and cold regions and the 
source of the energy that drives the 
winds. More precisely, we try to find 
out how the atmosphere manipulates 
heat energy, mass and momentum to 
keep everything in balance. Rather like 
the physician who examines a patient 
for the first time, we term these investi
gations diagnostic studies. When they 
have been completed, we hope we shall 
be able to explain why the atmosphere 
behaves as it does. 

GUAM 

ENIW£TOK 

Our first step in the examination of 
these higher levels was to collect the 
meteorological observations made dur
ing the IS-month period of the IGY by 
some 250 observing stations spotted 
throughout the Northern Hemisphere. 
Each station launched about 1,000 bal
loons during the period (every day at 
midnight and midday Greenwich Mean 
Time) and recorded atmospheric con
ditions at various levels. By agreement 
all stations reported measurements at 
four levels in the atmosphere, corres
ponding roughly to heights of 16, 21, 

NEW DELHI 

• 0'1SK 

�------------T----------T----�--���--� 

90° 

25 and 30 kilometers. Two hundred and 
fifty stations, 1,000 balloons per station 
and four levels per balloon gave us a 
total of about a million observations 
each of pressure, temperature and wind, 
which we approached with some trepi
dation. We employed an electronic com
puter for many of the tedious calcula
tions, but there was still much work to 
be done by hand. The study was started 
by Robert M. White (who was recently 
appointed chief of the U.S. Weather 
Bureau) when he was in the department 
of meteorology at M.LT. 

ASCE�StON 
ISLAND 

METEOROLOGICAL STATIONS that reported temperature, 

pressure and wind velocity in the upper atmosphere during the In· 

ternational Geophysical Year (18 months beginning in 1957) are 

identified by black dots. These stations launched balloons that 

were tracked to a height of 30 kilometers (about 19 miles). The 13 

stations identified in color form a network created in 1959 to 

launch meteorological rockets to a height of 60 kilometers. Data 

collected by the two groups of stations are reviewed in this article. 
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Above 30 kilometers we had the re
sults from about 850 successful meteoro
logical rocket flights, mostly from sta
tions across the North American con
tinent. Although the picture obtained 
cannot yet be called hemispheric, iso
lated observations over Europe, the 
U.S.S.R. and Japan appear to be con
sistent with the North American find
ings. Most of the rocket flights gave 
good wind data, many up to heights of 
60 kilometers, but temperature proved 
troublesome to measure. In fact, we 
supplemented our temperature data with 
the results from some experimental rock
ets fired by the U.S. Army Signal Corps 
during the ICY and by the National 
Aeronautics and Space Administration 
since 1959, which measured tempera
tures and winds rather well up to 
heights of 80 or 90 kilometers. 

One of our first steps was to synthe
size from all these observations a picture 
of the mean wind field and temperature 
from the surface up to a height of about 
80 kilometers [see illustrations on next 
page]. Initially we have divided the year 
into two seasons, winter and summer, 
because the limited number of rocket 
firings to the higher altitudes do not 
provide enough data for a four-season 
analysis. vVe feel that the general fea
tures of wind and temperature are the 
same at all longitudes. In the lower 
part of both the winter and the sum
mer systems there is a core of westerly 
winds with a mean height of about 12 
kilometers; it meanders around the earth 
for the entire year but is somewhat 
stronger in winter than it is in summer. 
This wind system, which was discovered 
during World War II, is sometimes 
called the jet stream; it extends up to 
about 22 kilometers. Above this altitude 
in winter there is another westerly core 
in middle latitudes with its center at a 
height of 50 or 60 kilometers. There 
have not yet been enough observations 
made above 60 kilometers to define the 
top of this core precisely. 

Wind speeds in the high-level core 
average about 70 meters per second 
(160 miles per hour), which is more than 
twice the wind speed in the lower core. 
Unlike the lower core, the upper one 
reverses its direction and blows from 
the east in summer. We do not have 
enough observations to say much about 
the circulation patterns over the Equa
tor or over polar regions above 30 
kilometers. Between 30 and 20 kilome
ters the balloon observations show that 
the winds just over the Equator blow 
from the west for about 13 months, then 
from the east for 13 months, and so on. 
Thus there are really three circulations 

METEOROLOGICAL ROCKET Arcas is fired at White Sands Missile Range in New Mex· 

ico. Such rockets reach an altitude of 50 to 60 kilometers and eject a target that can be 

tracked on its way down to provide wind data. On many flights temperature is also reported. 

of interest: one, the low-level westerly 
core, is constant in direction; the sec
ond, the high-level core, changes from 
westerly to easterly and back again each 
year, and the third is the equatorial 
middle-level circulation. I shall not dis
cuss the third any further because we 
still do not know much about it. 

The temperature patterns show, as 
one might expect, that the largest 
changes take place in the vertical direc
tion. A vertical profile of temperature in 
middle latitudes would show that the 
temperature decreases with increasing 
altitude up to about 15 kilometers [see 
illustration on page 67]. Above that 
height the temperature increases up to 
an altitude of about 50 kilometers, then 
falls again, and it is still falling at about 
80 kilometers. (Somewhere around 90 

kilometers the temperature starts to 
climb again.) This S-shaped pattern was 
originally inferred from an analysis of 
meteor tracks and confirmed by early 
rocket flights some 20 years ago. 

The horizontal patterns of tempera
ture from the Equator to the pole also 
exhibit striking peculiarities. (Again con
ditions in both hemispheres are assumed 
to be reasonably symmetrical, allowing 
for seasonal differences.) It is common 
knowledge that temperatures at the 
earth's surface decrease from the Equa
tor to the pole, and a comparable de
crease holds true for the bottom 10 
kilometers of the atmosphere. At the 
15-to-20-kilometer level, however, the 
situation is reversed and temperatures 
of about - 80 degrees centigrade can 
be found over the Equator the year 
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winter patterns over the Northern Hemisphere as determined by 

balloon- and rocket-borne instruments. The temperatures are in de-
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same as that depicted on a global scale on page 63. Contour 

lines up to 30 kilometers summarize about a million wind-speed 

measurements obtained with balloons. Data above 30 kilome:ers 

came from about 850 rocket flights, mostly over North America. 
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grees centigrade. As in the case of the wind data, the contours can 

be regarded as showing the temperature distribution from pole to 

pole when it is summer in one hemisphere and winter in the other_ 
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round, whereas temperatures over the 
Arctic vary from about - 40 degrees C. 
in summer to around - 60 degrees C. or 
less in winter. 

Higher still, between 25 and 50 kilo
meters, temperatures decrease toward 
the winter pole and increase toward 
the summer pole. This is to be expected; 
the winter pole receives no solar radia
tion during the long polar night, and 
the summer pole is continuously heated 
by the sun. Paradoxically, in the next 
highest region, between 50 and 80 kilo
meters, recorded temperatures swing 
directly opposite to expectations. In the 
middle of winter temperatures high over 
t.he pole appear to be scarcely lower 
than at the polar surface: about - 30 
degrees C. In summer, when the sun is 
shining steadily on the pole, the tem
perature at about 80 kilometers can 
plummet to as low as - 140 degrees C., 
the lowest temperature yet recorded in 
the earth's atmosphere. 

It is clear that this is curious behavior 
and that it must be accounted for by 
processes that can move large quantities 
of heat energy from regions where it is 
available to regions where it is not. In
deed, one finds that the temperature 
distribution is inextricably linked to 
the wind distribution; the two must be 
considered together. But first let us con
sider the simpler problem of why there 
is in the atmosphere a vertical inter
leaving of two hot and two cold regions. 

The Earth as a Radiator 

The explanation involves the type of 
radiation received from the sun, the 
type of radiation directed back into 
space from the earth and the interaction 
of both types of radiation with the at
mosphere. The radiation from the sun 
has its peak in the visible region of the 
spectrum at a wavelength of about .5 
micron. At longer wavelengths the solar 
output decreases steadily; it is negli
gible beyond 7.5 microns [see upper 
illustration on next page J. The sun's 
ultraviolet output (lying roughly be
tween .2 and .3 micron) is heavily ab
sorbed by the ozone concentrated in the 
atmosphere between 15 and 60 kilo
meters. As ultraviolet energy is absorbed 
the atmosphere is heated, and it is 
found that the maximum heating rate 
occurs at a height of about 50 kilo
meters. Of the total incoming solar ra
diation a few per cent is absorbed in 
this way and never reaches the ground. 

The remaining radiation penetrates to 
lower regions, where some is reflected 
back into space by clouds, some is ab
sorbed by air molecules and some is 

simply scattered. At the ground a por
tion of the incoming radiation is im
mediately reflected, depending on the 
reflectivity of the surface, and the re
mainder is absorbed. On the average 
about 19 per cent of the total incoming 
solar radiation is absorbed in the atmos
phere, 34 per cent is reflected into 
space and 47 per cent is absorbed at 
the ground. These figures are given in 
a study of the radiation budget by Henry 
C. Houghton of M.LT. 

Of the 47 per cent absorbed at the 
ground some goes to heat the air in 
direct contact with the surface, some 
goes to evaporate water and the rest is 
reradiated at wavelengths characteristic 
of a body whose average temperature is 
about 10 degrees C. Such wavelengths 
are much longer than those radiated by 
the sun, whose surface temperature is 
some 5,800 degrees C. The earth's radi-

ation peaks at about 10 microns [see 
upper illustration on next page J and is 
strong well beyond 30 microns. 

If the earth had no atmosphere, this 
long-wavelength radiation would simply 
be lost to space. At nightfall, even at 
the Equator, surface temperatures would 
fall far below 0 degrees C. Even an 
atmosphere consisting solely of nitrogen 
and oxygen would not present much of 
a barrier to the earth's loss of heat by 
radiation. Fortunately the atmosphere 
is adulterated with certain beneficent 
molecules, each consisting of three at
oms, that can intercept the outgoing 
radiation. Those substances are ozone, 
carbon dioxide and water vapor. Mole
cules of these substances can vibrate 
and rotate in various ways, depending 
on their state of excitation. A molecule 
can go from one state to another only by 
the emission or absorption of a quantum 
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TEMPERATURE PROFILES at latitude 40 are derived from the cross-sectional data at the 

bottom of the opposite page_ Temperatures drop with altitude for the first 15 kilometers, 
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is roughly the same summer and winter. The heating at 50 kilometers identifies the region 

where the sun's ultraviolet radiation is most strongly absorbed by ozone in the atmosphere. 
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SOLAR AND EARTH RADIATION for the most part occupy dif

ferent regions of the electromagnetic spectrum. Solar radiation has 

the short wavelength characteristic of a body that is at 5,800 de-

grees C. Earth radiation has the much longer wavelength of a body 

that is at about 10 degrees C. This is the temperature at which 

the earth radiates back into space as much energy as it receives. 
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RADIATION IS ABSORBED at specific wavelengths (shaded re
gions) by three kinds of molecule in the atmosphere: ozone, car

bon dioxide and water vapor. When these molecules absorb or emit 

infrared radiation (which has a wavelength longer than .7 micron), 

a change is produced in their mode of vibration or rotation, or both. 

Certain near-ultraviolet wavelengths (radiation shorter than .3 

micron) are absorbed when ozone is split into its constituents. 

It is created by still shorter wavelengths of ultraviolet radiation. 

of energy. The energy can be in the 
form of either radiation or kinetic 
energy, which is received or expended 
in collisions with other molecules. 

It happens that these triatomic mole
cules are very effective in absorbing 
particular wavelengths of the earth's 
radiation. Thus the earth's outgoing 
longwave radiation is absorbed and re
emitted countless times as it progresses 
upward through the atmosphere. At the 
low pressures prevailing at high altitudes 
absorption is less effective (because of a 
decrease in the width of the absorption 
bands) and the radiation is ultimately 
allowed to escape into space. 

In the lower atmosphere the two 
molecules most involved in absorption 
and re-emission are carbon dioxide and 
water vapor; above 12 kilometers carbon 
dioxide and ozone play the chief role. 
Throughout most of the 25-to-60-kilo
meter region the net contribution of 
these molecules in the infrared part of 

68 

the spectrum is to cool the air. Simul
taneously ozone is absorbing solar ultra
violet energy and heating the air. 

At all levels of the atmosphere the in
coming and outgoing streams of radia
tion are approximately in balance and 
the equilibrium point is reHected in the 
temperature. At a height of about 50 
kilometers ultraviolet absorption by 
ozone is at a maximum. As a result the 
air temperature rises until the heat lost 
by infrared radiation closely balances 
the heat gained by the absorption of 
ultraviolet, Above and below 50 kilo
meters the amount of ultraviolet ab
sorption is smaller and the equilibrium 
temperature is correspondingly lower. 

In the bottom 10 kilometers of the 
atmosphere temperatures tend to follow 
those of the earth's surface, so that the 
lowest-lying region is again warmer than 
the region midway between 10 and 50 
kilometers. Thus the S-shaped curve of 
temperature between the surface and a 

height of 80 kilometers is accounted for. 
Let us now consider the variations of 

temperature with latitude, that is, the 
Equator-to-pole variations. On a typical 
winter day surface temperatures range 
from 25 degrees C. (a pleasant 77 de
grees Fahrenheit) at the Equator to - 25 
degrees C. (- 13 degrees F.) at the pole. 
The incoming solar radiation strikes the 
equatorial regions nearly vertically, but 
at higher and higher latitudes the sun's 
rays strike the earth at a lower and 
lower angle. As a result the high lati
tudes receive less radiation per unit of 
area than lower latitudes do. 

On the other hand, the long-wave dis
sipation of the earth's surface heat is 
proportional to the fourth power of the 
absolute temperature (obtained by add
ing 273 to the centigrade values) and 
therefore does not vary greatly with 
latitude. At the pole the mean annual 
loss is 390 calories per square centi
meter per day, compared with 500 such 
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units at the Equator. (It takes about 
20,000 calories to raise a cup of water 
from room temperature to the boiling 
point.) In contrast the Equator receives 
almost five times more direct solar radi
ation annually than the pole: 580 calories 
per square centimeter per day, com
pared with 120 calories. These values, 
calculated by Houghton, apply to the 
bottom 12 kilometers of the atmosphere. 
As the chart on this page shows, there 
is a net excess of incoming radiation be
tween 37 degrees north and south of the 
Equator and a net deficiency poleward 
of these two latitudes. 

An Atmospheric Heat Engine 

It is clear that heat must be carried 
in some fashion from the Tropics to 
the poles, otherwise the tropical regions 
would become steadily hotter and the 
polar regions steadily colder. A small 
fraction of this poleward transport of 
heat is accomplished by ocean currents, 
but the principal transporting agent 
is the atmosphere. The transport is 
achieved wit11 high efficiency by the 
large-scale eddy circulations that show 
up on the weather map as high-pressure 
regions (anticyclones) and low-pressure 
regions (cyclones). These great weather 
systems carry warm air toward the poles 
and cold air toward the Equator. 

So far the term "momentum" has been 
mentioned only in passing. It is perhaps 
evident that a mass of air turning with 
the earth at the Equator carries more 
angular momentum (an effect attributa
ble to spinning) than the same mass of 
air turning with the earth near the pole. 
The eddies that carry heat northward 
also take momentum with them, thereby 
creating the prevailing westerly winds 
and the high-speed westerly core ob
served at about 12 kilometers. 

The lower atmosphere can therefore 
be described as a simple heat engine 
heated at the Equator and cooled at the 
poles. The characteristic of such an en
gine is that heat energy flows down the 
temperature gradient from a heat source 
to a heat sink. Calculations of the pole
ward transport of heat based on wind 
and temperature observations show that 
its amount agrees closely with that 
needed to balance the earth's radiation 
budget. 

Here it is pertinent to ask: How is 
the heat energy converted into kinetic 
energy of the winds? Imagine, if you 
will, two vertical columns of air, one 
at the Equator and the other at the 
pole; each column has the same cross
sectional area and contains the same 
mass of air. Because the hot column over 

the Equator is being heated by incom
ing radiation its center of gravity will 
tend to be higher than that of the 
column over the pole, which is being 
cooled by outgoing radiation. If the two 
columns are regarded as part of one sys
tem, it will be evident that the heating 
and cooling have created a certain 
amount of potential energy, and one 
measure of it can be found in the differ
ence in height of the centers of gravity 
in the two columns. 

To convert the potential energy into 
kinetic energy the two columns must be 
connected. In the imagination this can 
be done by moving the columns together 
until they are side by side in a box, 
separated only by a partition. If the 
partition is removed, the cold air will 
slide under the warm air and the warm 
air will rise over the cold. Although it 
may not be intuitively obvious, the re
sulting center of gravity of the system 
will be lower than the mean center of 
gravity of the two columns before they 
came in contact. vVhen the two columns 
are brought together, horizontal motion 
occurs and kinetic energy is released. 
This energy represents a conversion of 
potential energy into kinetic energy, as 
evidenced by the lowering of the center 
of gravity. 

In the atmosphere warm equatorial 
air masses and cold polar air masses 
are brought together in cyclones. The 
warm air rises above the cold air, often 
producing rain as it ascends, and kinetic 
energy is poured into the resulting wind 
systems. In this way the lower atmos-

ph ere functions like a heat engine, pro
ducing kinetic energy from potential 
energy, which is derived in turn from 
radiation. Ultimately much of the kinetic 
energy is lost by friction between masses 
of air and between the air and the 
ground. 

The 15-to-20-Kilometer Region 

We can now ask the question: Do 
other atmospheric regions, those above 
12 kilometers, also behave like heat en
gines? Let us first consider the 15-to-
20-kilometer layer, which contains the 
upper section of the bottom westerly 
core. Here we observe that it is signifi
cantly colder over the Equator ( - 80 
degrees C.) than it is over the 60th 
parallel (- 55 degrees C.). This is just 
the reverse of what one would predict 
from considerations of radiation. The 
warmer northerly air should steadily 
lose heat by radiation into space, and 
the colder equatorial air should be 
heated by the excess of incoming solar 
radiation over the outgoing long-wave 
radiation. Yet the temperature differen
tial, representing potential energy, lasts 
all year round. 

Obviously this region of the atmos
phere is not behaving like a heat engine. 
Some force is at work to preserve the 
potential energy that would otherwise 
tend to disappear. When Arnold Barnes 
and Abraham Oort were members of our 
group at M.LT., they calculated the en
ergy conversions in this region, using 
ICY data, and found that large-scale ed-
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EARTH'S HEAT BUDGET requires a balance between incoming solar radiation and out· 

going radiation from the eartb. Between 37 degrees north and south of the Equator radia

tion income exceeds outgo. Poleward from these latitudes there is a heat deficit. The 

chart uses data of Henry G. Houghton of the Massachusetts Institute of Technology. 
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THEORETICAL TEMPERATURE CHANGES that would be pro

duced in one day have been computed for a motionless atmosphere. 

In the winter radiation would sharply cool the upper atmosphere 

over the sunless pole. In the summer solar radiation would heat 

the same region. Temperature changes are in degrees C. This chart 

is based on the work of R. J. Murgatroyd and F. Singleton of the 

British Meteorological Office, R. M. Goody of Harvard University 

and George Ohring of the Geophysics Corporation of America. 

dies convert kinetic energy into potential 
energy. Although this explains why the 
potential energy does not disappear, it 
leaves the source of the kinetic energy 
unaccounted for. On the basis of lim
ited evidence it appears that the kinetic 
energy may be leaking upward from 
the lower portion of the westerly core, 
which is in the vicinity of 12 kilometers. 

Three additional facts that must be 
explained in a satisfactory theory have 
emerged from observations in this same 
15-to-20-kilometer region. First, the re
gion contains a poleward flux of heat 
that is directed opposite to the tempera
ture gradient. The observation, origi
nally made some 10 years ago by Robert 
White, was confirmed during the ICY. 
Second, it has been found by C. J. Loisel 
and A. C. Molla, who are also in our 
M.LT. group, that parcels of air moving 
poleward in this region sink and that 
parcels moving toward the Equator rise. 
Finally, when David Martin and I 
studied the way in which ozone is moved 
about in the region, we found that pole
ward-moving air parcels contained more 
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ozone than those moving in the oppo
site direction. This would be the case 
if the poleward-moving parcels had de
scended from an altitude of 20 to 30 
kilometers over the Tropics, where much 
of the ozone is formed. (When ozone 
descends below 25 kilometers, it is no 
longer subject to dissociation by ultra
violet radiation and can be used as a 
tracer.) Linking all three observations 
were some studies by Martin and Alan 
Brewer of the University of Oxford 
showing that air parcels that contained 
the most ozone were warmer than others 
at the same latitude and had moved 
up from the Tropics. 

These various findings, reported by 
different people, were rather like the 
pieces of a jigsaw puzzle until about a 
year ago, when I visited the Imperial 
College of Science and Technology in 
London for several weeks. During a dis
cussion over coffee after lunch, Percival 
A. Sheppard, head of the meteorology 
department, challenged me with some 
questions concerning the distribution of 
radioactivity and ozone in the atmos-

phere and their relation to the "Eady 
diagram," a concept developed 15 years 
ago by Eric T. Eady, a member of 
Sheppard's department. I was unable 
to provide complete answers at the time, 
but that evening the pieces of the puzzle 
fitted into one possible picture. 

To explain the Eady diagram I must 
first describe how one can chart the 
distribution of "potential temperature" 
in the atmosphere instead of actual tem
perature [see tipper illustration on op
posite page J. The potential temperature 
is the temperature the air would have if 
it were brought down to the surface 
without any exchange of heat with the 
environment on the way. (This kind of 
movement is termed "adiabatic motion.") 
To accomplish this one can imagine 
lowering the air by placing it inside a 
perfectly insulated balloon. Naturally 
the balloon would decrease in volume 
as the air within it was compressed to 
match the density of the air at lower 
altitudes, and as the air was compressed 
it would be heated. One can see that 
rarefied air brought down from very 
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high altitudes, even though cold at the 
outset, would be hotter on reaching the 
surface than initially warmer air brought 
down from lower altitudes. Hence these 
potential temperatures increase with 
altitude. 

What Eady pointed out 15 years ago 
is that in the lower atmosphere actual 
air parcels move along paths whose 
slope is smaller than the slope of the 
mean potential-temperature surfaces. In 
the upper illustration on this page parcel 
A represents warm air being taken pole
ward and upward. At point A' if the 
motion is adiabatic, the parcel will still 
be warmer than its environment; there
fore it will be buoyant and continue to 
rise. If the cold air that moves in to take 
its place travels equatorward and down
ward, the result will be a lowering of 
the center of gravity of the volume 
of atmosphere in which the exchange 
of air occurs. In the process potential 
energy is converted to kinetic energy. 

In the next region higher up-the 15-
to-20-kilometer level-events appear to 
be otherwise. Referring again to the up
per illustration, one can see that if an air 
parcel such as B moves poleward and 
downward at a slope exceeding that of 
the potential-temperature surface, it will 
be warmer than its environment on ar
riving at B'. Consequently it will be 
buoyant and tend to go back up. Evi
dently, however, forces are available to 
keep this from happening; as a result 
the 15-to-20-kilometer region in the 
middle latitudes is warmer than might 
be expected. Similarly, if the air parcels 
moving toward the Tropics are forced 
upward rather than being allowed to 
descend, one can account for the very 
cold temperatures over the Equator. 

How the forcing is accomplished is 
somewhat obscure. Evidently the kinetic 
energy of the motions themselves can 
do the job, provided that the energy 
is replaced by upward transport from 
the lower portions of the westerly core. 
Because the mass of air in the 15-to-
20-kilometer region is so much less than 
that in the region below 15 kilometers, 
the upward leakage needs to be only 
a tiny fraction of the kinetic energy in 
the lower atmosphere. 

Thus we see that Eady's fruitful con
cept can easily be extended to account 
for the three observations in the 15-to-
20-kilometer region that had seemed so 
puzzling: the poleward flux of heat, the 
sinking of poleward-moving air parcels 
and the high concentration of ozone in 
poleward-moving air. 

Is there any direct evidence that par
cels of air moving poleward follow a 
downward slope? Actual air-parcel paths 
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POTENTIAL TEMPERATURE SURFACES are shown for one hemisphere in late winter. 

Temperatures are given in degrees Kelvin (degrees C. above absolute zero). The potential 

temperature is that which the air would have if it were brought down to the surface with

out exchanging heat with the surrounding air. Actual air parcels flowing poleward at lower 

altitudes (A,A') do not rise so steeply as the potential-temperature surfaces. At higher 

altitudes poleward-moving parcels (B,B') descend more steeply than these surfaces do. 
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OZONE CONCENTRATION (black lines) shows that ozone formed high over the Equator 

is forced downward and poleward in January and February. The concentration is given in 

micrograms per gram of air. The data were collected by Wayne Hering and his associates 

at the Air Force Cambridge Research Laboratories, using instruments designed by Victor 

H. Regener of the University of New Mexico. White lines are potential-temperature surfaces. 

can be found by mapping the concen
tration of a trace substance that moves 
along unchanged with the air. One such 
substance is ozone, whose concentra
tion lines do slope downward toward the 
pole more steeply than the potential
temperature surfaces [see lower illus-

tmtion on this page]. Radioactive tung
sten 185, which was injected into the 
region in some of the nuclear-bomb tests 
conducted in the Pacific in 1958, was 
also found to move poleward and down
ward. Debris produced in the bomb 
tests conducted by the U. S. S.R. in polar 
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regions late in 1961 moved equatorward 
and upward. One can make rough esti
mates of the energy-conversion rates 
involved in these energy-consuming 
movements by determining the angles 
between the concentration lines and the 
potential-temperature surfaces. The con
version rates turn out to be quite close 
to those determined from wind and 
temperature data. 

The conclusion to be drawn from all 
these studies is that the 15-to-20-kilo
meter region in the atmosphere func
tions not like a heat engine but like 
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a refrigerator. A household refrigerator, 
by consuming power, is able to extract 
heat from a cold region and deposit it 
in a warmer one (the room outside the 
refrigerator). In the atmosphere between 
15 and 20 kilometers the same process 
occurs. In this case the power needed 
to drive the refrigerator is obtained in 
the form of surplus kinetic energy from 
the heat engine in the lower atmos
phere. The refrigerator in the 15-to-20-
kilometer region pumps heat poleward 
from the Equator, leaving a large at
mospheric mass over the Tropics refrig
erated to temperatures of - 70 to - 80 
degrees C., in spite of the intense solar 
radiation throughout the year. The heat 
pumped out of the Tropics is carried 
poleward and makes the year-round 
temperature over latitude 60 about 25 
to 30 degrees C. higher than it is over 
the Equator. 

Actually it can be assumed that there 
are two refrigerators in the 15-to-20-

kilometer region, one in the Northern 
Hemisphere and one in the Southern 
Hemisphere, each coupled to its own 
heat engine. Rough calculations show 
that these atmospheric refrigerators are 
just about as efficient as their household 
counterparts. 

Let us now inquire if regions still 
higher in the atmosphere, between 20 
and 80 kilometers, exhibit the character
istics of a refrigerator or a heat engine 
or both. The striking fact about the 
wind core in this higher region is that 
it blows from the west in winter and 
from the east in summer. Or, if one con
siders the entire earth, there is a westerly 
core over the winter hemisphere and an 
easterly core over the summer hemi
sphere. (As noted above, the evidence 
for such a reversing core in the Southern 
Hemisphere is still limited.) 

The explanation for this reversal of 
core direction is evidently to be found 
in the temperatures in the bottom por-
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"HEAT ENGINES" AND "REFRIGERATORS" correspond to 

observed features of the upper atmosphere. The heat engines oc· 

cupy regions where heat energy simply flows from a heat source to 

a heat sink. In the process kinetic energy is released in the form of 

eddy motions in the atmosphere. In the heat engines these motions 

tend to flatten the slope of the potential-temperature surfaces, 

which are basically determined by radiation. In the refrigerators 

the slope of these surfaces is determined by eddy motions rather 

than by the amount of radiation received or emitted. The refrig

erators are driven by snrplns kinetic energy from the heat engines. 
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White sidewall$optional at utra COSI. 

I f  you 're s hoppi n g  com pacts, 
don't gauge economy by gas m i leage alone.  

You ca n get 2 8  to 3 8  m pg i n  a SAA B .  B u t  you ca n get 1 50 m pg i n  a motor 
scoote r .  T h e  point i s  that,  u n l i ke most ot h e r  c o m pacts,  S A A B  i s  d es igned 
for  total eco n o m y :  i n it ia l  cost , o p e rat i n g  cost,  l e n gth of l i fe .  

A S A A B  i s  eco n o m i c a l  to buy.  I t  comes fu l ly  eq u i p ped with fa cto ry 
u n d e rcoati n g ,  w i n d s h i e l d  wa s h e r s ,  p a d d e d  d a s h  a n d  v isors ,  e l ectr ic  
c lock,  and more.  Most opt i o n a l  extra s o n  oth e r  c a r s  a re sta n d a rd eq u i p 
m e n t  on a SAA B .  W h e n  you a d d  it u p ,  SAA B i s  a lot  of ca r for $ 1 ,895 .  

A SAA B i s  eco n o m i c a l  to own . I ts u n u s u a l  3 - cyl i n d e r, 2 - stroke e n g i n e* 
ta kes o i l  t h ro u g h  t h e  ga s ta n k  for  c o n s i stent ly fresh l u br icat ion t h a t  
red uces e n g i n e  wea r .  ( N o  s l udge o r  fr icti o n -ca u si n g  pa rt ic les) . I t  a l so 
t u r n s  over o n  co ld  m o r n i ngs.  That saves m o n ey ,  too . 

W h a t ' s  m o r e ,  SAA B h a s  front-wheel  d rive a n d  n e a r - p e rfect weight d i s
tr i b u ti o n .  That saves t i re s .  Some own e rs get 60,000 m i l e s  o n  t h e m .  S o m e  
g e t  o n ly 40 ,000. F e w  c o m p l a i n .  N e i t h e r  d o  owners w h o  hate to see a c a r  
r u st o u t .  SAA B h a s  a heavy-ga uge steel  b o d y  a n d  a f u l l  b e l l y  pa n t o  k e e p  
d i rt a n d  m u d  o u t .  I n  ge n e ra l ,  a S A A B  s h u n s  r e p a i rs-j u st o n  p r i n c i p l e .  

A l l  t h i s  a d d s  u p  t o  tota l eco n o m y .  I n  a SAA B ' s  l i fet i m e  you c o m e  o u t  
m i l e s  a h ea d .  Test-d rive a n  eco n o m ica l 1 964 S A A B  soon at you r n e a rest 
S A A B  d e a l e r .  O n ly $1 ,895,  P . O . E .  
" Eng ine ,  tra n s m i ssion a n d  d i f ferent ia l  warranted f o r  2 years  o r  24,000 mi les .  

I S - INCH WHEELS, 
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TO PREVENT RUST 

Shopping i m ports? Write for f u l l  descri ptive l itera
ture o n  SAA B .  SAA B Overseas,  I nc., Department 
103, 405 Pa rk Av e . ,  N ew York, N .Y_ 
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tion of the 20-to-80-kilometer region. 
Between about 30 and 50 kilometers 
temperatures are some 20 degrees C. 
higher over ' the summer pole than over 
the winter pole. In other words, radia
tion is operating as expected: adding 
heat to the summer pole and removing 
it from the winter pole. And in the 
process potential energy is being cre
ated. One would therefore expect to find 
heat energy, and with it angular mo
mentum, flowing toward the cold pole, 
representing another heat engine. In
deed, this appears to be the case. 
Energy and momentum flowing toward 
the cold pole would tend to produce 
westerly winds in the winter hemi
sphere and easterly winds in the summer 
hemisphere. 

In the top portion of the 20-to-80-
kilometer region, between 50 and 80 
kilometers, there is another reversal of 
the temperature gradient. Here tempera
tures are warmer over the winter pole 
than over the summer pole, providing 
evidence for another refrigerator. Like 
the heat engine immediately below it, 
the refrigerator also seems to operate 
pole to pole. Evidently the pole-to-pole 
heat engine and the pole-to-pole refrig
erator are coupled in the same fashion 
as the hemispheric heat engines and 
refrigerators in the lower reaches of 
the atmosphere [see illustration on page 
72]. 

Our calculations show that the poten
tial energy that can be stored in the pole
to-pole heat engine is very small, so 
that any change in heating rates can 
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quickly lead to changes in circulation. 
In fact, it appears that winter in this 
region of the atmosphere is centered on 
the solstice (about December 22), which 
is not true lower down, where snow
covered land and heat stored in the 
oceans, plus a two-week supply of po
tential energy in the atmosphere, dis
place the center of winter into late 
January. 

Evidence for Vertical Mixing 

The picture I have sketched shows the 
atmosphere rather tidily stacked into 
heat engines and refrigerators. It is prob
able, however, that there are important 
connections from top to bottom in the 
atmosphere. For example, one could ex
pect an interaction of the two super
imposed wind cores. So far there are 
only enough observations to examine this 
possibility up to 30 kilometers, which 
includes only the lowest portion of the 
high-level core. 

In early winter in the Northern Hemi
sphere the upper-level core intensifies, 
and at 30 kilometers vertical motions 
(northward and upward) are oppositely 
directed to those at 20 kilometers (north
ward and downward), leaving a fairly 
dead region in between at about 25 
kilometers. After December 22 the radi
ational processes maintaining the higher 
core diminish; it seems that there is a 
period in late January when the upper 
core rides on top of the lower core, and 
the vertical motions, at least up to 30 
kilometers, come into phase with those 

below. There is then a much deeper 
region of warm air associated with 
the northward and downward motions. 
Trace substances such as ozone, which 
are vigorously transported northward 
and downward in the 15-to-25-kilo
meter region throughout the winter, 
receive an extra northward and down
ward push in late January and thus 
produce peak ozone amounts in the re
gion above 15 kilometers in middle and 
high latitudes in the spring. 

These reinforced vertical motions be
tween 15 and 30 kilometers mix the 
region more efficiently than at any other 
time of the year, with the result that 
any radioactive material that has been 
thrown into the upper atmosphere is 
carried down into the lower regions. 
Once down to about 15 kilometers the 
material quickly enters the well-mixed 
weather zone of the atmosphere and 
soon reaches the surface. Therefore at 
the surface there is a spring maximum 
in radioactivity as there is in ozone [see 
illustration below]. 

Little can yet be said about the be
havior of the atmosphere above 80 kilo
meters. At very high altitudes tidal 
movements and other kinds of wave mo
tion not as yet well understood become 
more important than at lower levels and 
the diagnostic problem becomes more 
complicated. There is some evidence 
that these tides and waves exist at the 
lower levels too, but the large-scale mo
tions I have discussed here seem to be 
the dominant features below 80 kilo
meters. 
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ATMOSPHERIC RADIOACTIVITY, as measured near the sur

face in Washington, D.C., has shown an annual spring increase 
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( shaded areas) every year since 1958. The increase indicates that 

high-altitude radioactivity is driven downward late in January_ 
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Enlarged view of a memory core plane used in electronic computers. 

UBrain Cells" Of A Billion - Fact Mind 
- FROM RCA RESEARCH IN MAGNETICS 

In a fraction of a second, determine the speed 
and trajectory of an intercontinental missile. 
Balance the day's books i n  a large bank.  Con
firm every leg of a round-the-world jet flight. 

Impossible ? A few years ago i t  would have 
been. But today it is routine, thanks to the 
incredible speed and accuracy of modern elec
tronic computers . 

Such lightning-fast performance is made possi
ble by abacus-like arrays of RCA "memory 
cores" like those above-the "brain cells" of 
an electronic mind. 

Much l ike the cells in a human brain, these tiny 

elements can remember and forget. Unlike 
human cells they work at mil l ionths-of-a
second speed, translating the infinite calculus 
by which the computer . . .  stores facts . . .  
responds to stimuli . . .  discriminates . . .  solves 
problems . . .  all in the space of m icroseconds . 

To make possible this speed and versatility, 
RCA has developed an entire new family of 
magnetic materials known as ferrites . Com
ponents incorporating these new materials are 
another unique contribution by RCA which is 
making possible smaller, speedier computers 
of greater capacity and capabil ity-for busi
ness, science, industry, and government. 

RCA ELECTRONIC COM PONENTS AND DEVICES -� The M ost Trusted N a m e  i n  Electron ics 

A typical RCA memory plane, 
containing hundreds of tiny 
ferrite "brain cells," in  which 
information is  stored mag· 
netically for use in  electronic 
computers. 
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" PO LARO I O "  A N O  "POLACOLOR"(g 

1 . S tatic test of a j et engine at A VCO's Research and Advanced Development D ivision.  

2.  Titan i u m  dioxide magnified 200X under polarized l i ght. 

3.  lOX macrophotograph (of a resistor) used in  quality-control tests. 

4. I l l ustration of an anemone for a garden catalog. 
5. A u tomatic butt welder j oining bimetall ic  strips into a continuous length . 

6. Stress-analys is picture of plastic models under 80 psi press ure photographed in  
polarized l ight. 

7. I l lu stration for a costume j ewelry advertisement. 
8. A diatom from Oamaru ,  New Zealand, magnified 1 0 0 X .  

9. Carassius a1£ / 'a t us .  
1 0. Employee identification picture ( o n e  expos ure) m a d e  w i t h  an Avant QUAD Camera. 

1 1 .  Fluorescence photomicrograph of a cross section of canine tibia, showing the site 
of active bone growth (69X) .  

12.  Hardinge S u per-P recis ion high-speed lathe.  
1 3 .  Photomicrograph ( l OOX) of differential staining of starch grains with vegetable dyes.  
14. Pectus excavatum operation performed at Andrews A i r  Force Base Hospital.  

1 5. Preliminary bonding of ingots in  the forming of bi metallic strips at Metals and 
Controls D ivision of Texas I nstru ments. 

1 6. H u man larynx section (Trichrome stain) at 100X by Leo Goodman, 
Mallory Institute of Pathology. 

1 7 .  Plasma-jet experiment used in  high-temperature research. 

18.  Magaz ine i l lustration by advertising photographer, W ingate Paine.  
19.  White i l'on photographed at 400X u nder polarized l ight. 
20. G ross specimen of a h u man gall bladder photographed at the Free Hosp ital fOl' 

Women, Boston. 

2 1 .  Research photomicrograph of a cOlTosion pit  i n  cast bronze (50X) .  
22. P re-fl ight check on an F-86 Sabrej et, Massach usetts ANG,  1 02nd Tactical Fighter W ing. 
23. Proboscis of a Calliph ora blowfly at a magnification of 1 0 0 X .  

24. F rictionless ruby bearing (with a gold-plated race) f o r  a missile,  lOX macrophotograph 
by New Hampshire Ball Bearing Co.  

25. B eta bromopropionic acid crystals viewed between crossed polarizers (70X).  

Do you still  think 60-second Polacolor film is just for snapshots? 
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Tailor-made nerve systems for sale 

Your cable assembly may have 

to . fit a 3-inch j unction box, or stretch 

out 2 ,000 feet on a launch pad. 

Maybe you're faced with linking 

40,000 volts for 88 ,000 hours inside a 

radar system. Or how to keep a cable 

assembly intact despite high altitudes 

and contact with fuels and oils. We've 

already solved these problems at 

Amphenol. And more. 

Like the complex interstage 

harness assemblies that are the back

bone of Minuteman. Like shear-off 

disconnect assemblies on interceptor 

missiles. And cost-saving plug-in as

semblies for communications systems. 

Almost all of today's cable assem

blies are tailor-made, specially engi

neered, individually tested. What 

makes one different from another? 

Your Amphenol Sales Engineer 

can show you with a I O-minute photo 

presentation that may be extremely 

useful if you have a cable assembly 

or other wired product requirement. 

Call your Amphenol Sales Engineer. 

Or, if you prefer, write directly to: 

Dick Hall, Vice President, Marketing, 

Amphenol. 1 830 South 54th Avenue, 

Chicago 50, Illinois. 

A D I V I S I O N  OF A M PH EN O L - B O R G  ELECTR O N I CS C O R P O R AT I O N  
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Fast-Neutron Spectroscopy 

New systems for measuring the ()elocities of energetic neutrons 

ha()e made it possible to extend the use of these particles as 

probes for in()estigating the structure of the at01nic nucleus 

A
a probe for examining the struc

ture of the atomic nucleus, the 
neutron offers several advan

tages. Since it has no electric charge, it 
is able to approach and penetrate even 
the heaviest and most highly charged 
nuclei. The neutron can either be ab
sorbed by the nucleus, thus changing its 
species, or interact with it in a variety of 
ways that reveal its internal constitution 
and even its size and shape. (The absorp
tion of a neutron by certain heavy nuclei 
gives rise to an unstable nucleus that 

by Lawrence Cranberg 

fissions.) Neutrons are the preponderant 
particles of nuclear matter and are the 
by-product of many kinds of nuclear re
action, including, of course, fission. 

In spite of these advantages, the use 
of energetic, or fast, neutrons as nuclear 
probes has been seriously limited by the 
difficulties inherent in detecting a fast
moving, electrically neutral particle and 
measuring its velocity. Unlike neutrons, 
electrically charged particles such as 
protons, electrons and nuclei themselves 
can be detected by a wake of disrupted 

atoms, or ions. Moreover, a beam of 
charged particles can be bent in an elec
trostatic or a magnetic field, whereas a 
neutron beam is oblivious of these con
straints. Accordingly charged particles 
have been widely employed as nuclear 
probes and have provided many of the 
more important insights into nuclear 
structure. 

Within the past decade, however, 
much progress has been made toward 
solving the problems associated with 
the measurement of fast-neutron ve-

PHOTOGRAPH OF APPARATUS at the Los Alamos Scientific 

Laboratory shows the main components of the system used for 

determining the energy states of atomic nuclei by bombarding 

�hem with energetic, or fast, neutrons. A beam of protons from 

an electrostatic generator enters through a pipe (left), is bent in an 

electromagnet (center) and strikes a neutron-producing target 

(right). The neutrons travel a few inches before colliding with 

nuclei in the sample whose neutron·scattering properties are being 

tested. The scattered neutrons are then detected by a scintillation 

counter buried inside the massive shielding in the right back. 

ground. The device directly over the target area and the one in 

the left foreground are both used to take a background sampling 

of the neutrons not scattered toward the principal detector. A 

schematic drawing of the entire system appears on pages 80 and 81. 
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locities. New techniques have been de
vised for producing very short pulses 
of monoenergetic neutrons (neutrons 
whose velocities and hence energies are 
uniform). New instruments have been 
invented that are capable of recording 
the energy spectra of neutrons used to 
bombard atomic nuclei. It is now possi
ble to construct a system in which the 
special qualities of the neutron as a nu
clear probe can be exploited more fully. 
This article describes one such system 
recently put into operation at the Los 
Alamos Scientific Laboratory. The sys
tem is specifically designed to employ 
fast neutrons in the million-electron-volt 
region of the energy spectrum. Since 
many of the neutrons emitted in fission 
have energies in this region, our system 
can be expected to yield much-needed 
information about the ways in which fast 
neutrons interact with the materials in 
the environment of the fission process, 
such as the cores and shields of fission 
reactors. This new knowledge should 
find application in the design of power 
reactors and other devices for utilizing 
nuclear energy. And the use of fast 
neutrons as nuclear probes can be ex
pected to lead to a richer understanding 
of nuclear structure. 

Before describing the main elements 
of the new system, it may be illumi

nating to review briefly one of the sev
eral methods that have been employed 
for measuring the energy spectra of fast 
neutrons until now. In this method the 
neutrons to be measured are directed at 
a photographic emulsion that contains 
a substantial proportion of hydrogen 
atoms. When a hydrogen nucleus, or 
proton, is struck by one of the neutrons, 
it recoils in much the same way that a 
billiard ball recoils after being struck by 
another ball. As the recoiling proton 
slows down in the emulsion, it produces 
a microscopic track of ions that "ex
poses" a track of silver halide grains, 
which in turn can be made visible sim
ply by developing the emulsion. By 
measuring the length and orientation of 
this visible track in relation to the direc
tion from which the neutrons entered 
the emulsion, one can calculate the en
ergy of the particular neutron that struck 
the proton producing the track. In order 
to arrive at the spectrum of energies for 
the large numbers of neutrons impinging 
on the emulsion, it is necessary to repeat 
this operation for each of the hundreds 
of minute tracks typically found in the 
developed plate. It is a good indication 
of the difficulty of the problem of meas
uring the energies of fast neutrons that 
until quite recently this laborious and 
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I PROTON BEAM 
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PLATES 

time-consuming method was the main 
source of information about high-energy 
neutron spectra-and that for some pur
poses it is still unrivaled. 

The new system of fast-neutron spec
troscopy, which is currently replacing 
other methods wherever it can be ap
plied, has a simple conceptual basis. It 
involves measuring rapidly and accu
rately the time it takes a neutron to 
traverse a fixed path. 

It has been evident almost since the 
neutron was discovered by James Chad
wick in 1932 that some sort of time
of-flight technique offers the most 
straightforward approach to the prob
lem of measuring neutron velocities; in
deed, this technique has for many years 
been used successfully to study the in
teractions of slow neutrons with nuclei. 
The practical limits of the technique 
extended to neutrons whose maximum 
velocities were on the order of a hun
dredth of the speed of light. In terms 
of energy this corresponds to a maxi
mum of about 40,000 electron volts (ev). 

Fast neutrons, however, travel at ve
locities on the order of a tenth of the 
speed of light, and their flight times 
must be measured in nanoseconds (bil
lionths of a second) . The energy spec
trum for fast neutrons extends up to 
about 20 million electron volts (Mev). 
In spite of the familiarity of the timing 
methods developed for slow-neutron 
studies, it has required almost a decade 
of development to extend these methods 
into the fast-neutron region of the en
ergy spectrum. 

To get an idea of the magnitudes in
volved in measuring the flight time of a 
fast neutron over a fixed path, let us 
consider a neutron whose energy is rep
resentative of those produced in the fis
sion process, that is, a neutron with an 
energy of about one Mev. Moving at a 
twentieth of the speed of light, this neu
tron would take only about 22 nano
seconds to traverse one foot. Over a 
flight path of, say, 10 feet, which is a 
reasonable distance to consider in view 
of the loss of intensity with distance, the 
total elapsed time would be only some 
220 nanoseconds. To calculate the veloc
ity of the neutron to an accuracy of 1 per 
cent, this total flight time must be deter
mined within a tolerance of two nano
seconds. Therefore the time at which the 

m =-----========= 

neutron starts on its measured course 
and the time at which it arrives at the 
end of the course must each be meas
ured to an accuracy of about one nano
second. Obviously one must have a 
means of producing and detecting neu
trons at times that are known with nano
second precision. Furthermore, the ap
paratus that measures the time interval 
between production and detection, if it 
is to be efficient, must be capable of 
making many such measurements quick
ly-say hundreds of times per second
and must also be able to sort out and 
record a wide spectrum of elapsed times 
when neutrons of more than one energy 
are being examined. 

The difficulty of producing substan
tial numbers of fast neutrons at precise
ly known times is further compounded 
if we are to apply the time-of-flight 
technique as a tool for probing atomic 
nuclei with neutrons whose velocity and 
energy are more or less uniform. By 
comparing the spectrum of energies ob
tained after bombarding the nucleus 
with the uniform energy of the incident 
neutrons we can determine the crucial 
exchanges of energy that have taken 
place during the neutron-nucleus inter
action. 

With these requirements in mind, let 
us examine some of the ways in 

which neutrons are produced in the lab
oratory. Nuclear reactors are prolific 
sources of neutrons, but these neutrons 
characteristically cover a continuous 
spectrum of energies and are therefore 
unsuitable for our purposes. The most 
convenient way to produce large num
bers of monoenergetic neutrons is to 
bombard certain nuclei with a beam of 
charged particles in order to jar loose 
the neutrons from these nuclei. The iso
tope hydrogen 3, with one proton and 
two neutrons in its nucleus, is a particu
larly useful source of neutrons. When 
hydrogen 3 is bombarded with protons 
from a cyclotron or an electrostatic ac
celerator, large numbers of fast neutrons 
are produced. These neutrons can be 
made as monoenergetic as desired at 
various energies. Elementary calcula
tions can then relate the energy of the 
neutrons to the energy of the bombard
ing protons and to the angle at which 
the neutrons are produced with respect 
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DIAGRAM OF APPARATUS shown in the photograph on page 79 

traces the path of the proton beam from the electrostatic generator 

through the deflector plates (top left) and into the magnet (top 

center), where the long pulses of protons are condensed into a 
series of short bursts by turning them through an angle of 90 de

grees. These bursts, which are only about one nanosecond (a bil

lionth of a second) in duration, are focused by the magnet on a 

container of hydrogen-3 gas (bottom center), a radioactive isotope 

with two neutrons in each of its nuclei. The bombarded hydrogen-3 

nuclei give off large numbers of fast neutrons, some of which are 

scattered in all directions by the nuclei of tbe sample being tested. 

The energy spectra of these neutrons are measured by computing 

the time interval between the arrival of the protons at the hydro

gen-3 target and the detection of the neutrons by a scintillation 
counter (right). Angular distribution of the scattered neutrons 

is measured by rotating the detector around the scattering target. 

to the direction of the beam of protons. 
This mechanism of neutron produc

tion operates very rapidly: the interval 
between the collision of the proton and 
the hydrogen-3 nucleus and the ejection 
of a neutron is known to be far less than 
one nanosecond. By delivering protons 
at the hydrogen-3 target in bursts whose 
duration is about one nanosecond and 
by measuring the time of delivery accu
rately, it is possible to determine within 
the requisite one-nanosecond accuracy 
the time at which a fast neutron origi
nating in the hydrogen-3 target is 
launched on its path. 

The cyclotron produces protons in 
short bursts quite naturally; it is basi
cally a device for accelerating charged 
particles by means of the repetitive ap
plication of an accelerating voltage, and 
its output normally consists of bursts of 
particles about one nanosecond in dura
tion. Effective use has been made of the 
naturally pulsed beams produced by 
cyclotrons, but there are elements of in
flexibility in the adjustment of conven
tional cyclotrons that make it preferable 
for our purposes to modify a continuous
current accelerator, such as an electro
static generator, for pulsed operation. 

Many techniques for converting a con
tinuous beam of charged particles into a 
series of short bursts have been devised. 
The simplest of these involve merely 
"chopping" the beam by passing it be
tween a pair of plates to which an alter
nating voltage is applied. This means, 
however, that the major portion of the 
beam is discarded. Since it is necessary 
not only to produce short bursts from 
a steady beam but also to do so with a 
minimum loss of intensity, this tech
nique is too wasteful for general use 
in neutron spectroscopy. A satisfactory 
technique must be able to bunch as 
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SPECTRA obtained by bombarding the nuclei of three different 

isotopes of lead-lead 206 (black curve), lead 207 (colored curve) 

and lead 208 (broken black curve)-with fast neutrons are given in 

this graph. Zero on the time scale indicates the time at which the 

neutrons were produced in the hydrogen.3 target. With the excep· 

tion of the three peaks at the extreme left, the curves show the rates 

at which the neutrons arrived at the detector two meters away after 

being scattered by the lead nuclei. These peaks are caused not by 

neutrons themselves but by gamma rays emitted by the scattering 
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nuclei after they have been struck by the neutrons. The three high. 

est peaks are caused by the arrival of neutrons that have lost no en· 

ergy to the scattering lead nuclei except for the very small amount 

spent in the elastic recoil of the nuclei; the energy of these neutrons 

is about 3.5 million electron volts (Mev) . All the other peaks are 

caused by neutrons that have experienced inelastic, or energy· 

exchanging, collisions of one kind or another with the lead nuclei; 

these peaks range from about .7 Mev to three Mev, reading from 

right to left. The energy of the incident neutrons was 3.5 Mev. 

© 1964 SCIENTIFIC AMERICAN, INC



much of the beam as possible into a 
series of short, intense bursts. 

One of the most ingenious and effec
tive methods of condensing a continu
ous stream of charged particles into 
short pulses was proposed independent
ly by Ralph C. Mobley, now at Oakland 
University in Michigan, and Robert J. 
Van de Graaff, now with the High Volt
age Engineering Corporation. The es
sential principle of this method can best 
be visualized by imagining a single RIe 
of soldiers marching at a fixed speed 
past a given point. If the soldiers simul
taneously perform a 90-degree turn, 
they will be marching in a line abreast 
and will then pass a given point in a 
much shorter time interval. 

This elementary principle cannot be 
applied in its simplest form to a beam of 
protons because here an instantaneous 
change of direction is not possible. A 
RIe of soldiers or a stream of protons, 
however, can be brought into a line 
abreast by a somewhat more complex 
series of maneuvers that does not re
quire an instantaneous turn or even a 
turn of 90 degrees. An adaptation of 
this basic system is shown in the illus
tration on pages 80 and 81. 

Briefly, the system operates as follows: 
A proton beam from an electrostatic 

generator is first "rough-chopped" into 
a series of long pulses, which pass be
tween a pair of deflector plates located 
near the entrance to a large electromag
net. By applying a rapidly increasing 
voltage to the deflector plates the pro
tons, all of which are initially traveling 
in the same direction, will be fanned 
out just as they enter the magnet. The 
magnet is designed to act as a lens; it 
brings the fanned-out protons together 
at a focus, where the hydrogen 3 or 
some other neutron-producing target is 
located. The protons that arrive earlier 
at the deflector are pushed toward the 
outer edge of the magnet and conse
quently travel a greater distance to the 
target than the protons that arrive later 
and are pushed toward the inner edge 
of the magnet. By properly adjusting 
the voltage of the deflector plates it is 
possible to make the increase in the 
length of the flight path of the earlier 
protons just compensate for their earlier 
arrival at the deflector. Thus large num
bers of protons initially spread out in 
time arrive in more or less precise step 
at the neutron-producing target. 

This bunching technique has made it 
possible to convert a large fraction of 
the protons in a steady beam into short 
bursts less than a nanosecond long. 
Furthermore, the bursts are so intense 

they can be readily detected by simple 
electrical means as rhey approach the 
target. The detection signal is a sharp 
electric pulse, which is well suited for 
time-marking purposes. Therefore the 
time at which a neutron is launched from 
the hydrogen-3 nucleus can be meas
ured within a nanosecond by the arrival 
on target of the proton burst. 

At the other end of the flight path the 
arrival of the neutron can be timed 
rather easily by means of a conventional 
scintillation detector. Like the photo
graphic emulsion mentioned earlier, the 
scintillator contains hydrogen atoms (es
sentially protons) that recoil when struck 
by neutrons. The recoiling protons ex
cite the other atoms in the scintillator to 
emit light, which is in turn detected by 
a device called a secondary-emission 
photomultiplier. The output signal of 
the photomultiplier and the pulse pro
duced by the arrival of the proton burst 
at the hydrogen-3 target respectively in
dicate the end and the beginning of the 
time interval to be determined. The 
only task remaining is to measure that 
interval. 

For this purpose we employ a tech-
nique for measuring short time inter

vals that, in its essential elements, can be 
considered as going back at least to Gali
leo. He too was interested in measuring 
the flight time of electrically neutral par
ticles-baIls rolling down an inclined 
plane. In order to determine the relation 
between the distance traveled and the 
time elapsed GaliIeo used a water clock. 
By allowing a steady stream of water to 
pass through a valve, which was opened 
when the ball was launched and closed 
as soon as it reached the bottom of the 
inclined plane, he was able to measure 
the interval of elapsed time as a func
tion of the weight of the water collected 
in a bucket. 

To make such a scheme applicable to 
the nanosecond scale, it is obvious that 
electrical devices must be substituted 
for hydraulic devices. Instead of a man
ually operated valve our system employs 
short electric pulses that trigger fast 
switching circuits; instead of a catch 
bucket it has an electrical capacitor, and 
instead of a weighing scale it has a 
charge-measuring device. These instru
ments are capable of instantaneously 
measuring, sorting and recording the 
flight times of several hundred neutrons 
per second. 

We have, then, a complete system 
suitable for analyzing fast-neutron spec
tra in terms of the time it takes the vari
ous neutrons to travel from target to 
detector. To make use of this system as 

a tool for probing the structure of the 
nucleus we need only insert the sample 
to be examined in the path of the fast 
neutrons emitted by the hydrogen-3 
source. In this case the detector does not 
view the neutron-producing target di
rectly but rather the sample whose 
neutron-scattering properties are being 
investigated. The sample must be placed 
within a few inches of the neutron 
source in order to yield appreciable 
numbers of scattered neutrons. The 
proximity of the neutron source to the 
scatterer, and the fact that only about 
one neutron is scattered toward the de
tector for every million neutrons pro
duced by the neutron source, make it 
essential to shield the detector carefully 
from the neutron source. The massive 
shielding enclosing the detector can be 
seen in the photograph on page 79. The 
detector inside its shield is mounted on 
a cart that pivots around the scattering 
object to facilitate observation of the 
scattered neutrons as a function of the 
scattering angle. 

�t us now consider some of the results 
obtained recently with this system 

by Chris D. Zafiratos and Jules S. Levin 
in collaboration with the author. The 
graph on the opposite page shows the 
rate at which neutrons arrived at the de
tector after being scattered by the nu
clei of three different isotopes of lead: 
lead 206, 207 and 208. Before striking 
the lead targets the neutrons all had an 
energy of about 3.5 Mev and a velocity 
of about a tenth of the speed of light. 
Each peak in the graph corresponds to a 
particular type of interaction between 
the incident neutrons and the lead nuclei. 

In all three cases the peak at the 
extreme left is caused not by the neu
trons themselves but by gamma rays 
emitted by the scattering nuclei after 
they have been struck by the neutrons. 
These gamma rays are exactly analo
gous to the light rays produced in a neon 
lamp. When electrons pass down such a 
lamp, the atoms of gas in the lamp 
absorb some of the energy of the elec
trons and are excited to higher energy 
states. These atoms subsequently return 
to their ground, or rest, states, emitting 
the excess energy in the form of visible 
light. 

Nuclei can similarly be excited to 
higher energy states by bombardment 
with energetic particles such as fast neu
trons. The neutrons are slowed down by 
the resulting collisions and give up some 
of their energy to the nuclei. When the 
nuclei return to their ground states, 
gamma rays are produced. This type of 
neutron-nucleus interaction, in which 
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208 
PEAR-SHAPED 

VIBRATION 

NUCLEAR·SHELL DIAGRAMS for the three isotopes of lead 

indicate the neutron populations of the two outermost shells; in 
actuality there are 20 more neutron·containing shells inside these. 

When a fast neutron encounters a nucleus of lead 206 (top left), it 

can excite one or two neutrons from inside the nucleus to "jump 

up" and fill either of two neutron "holes," or vacancies, in the 

outermost shell (top center). When one of these neutrons returns to 

its ground, or rest, state (top right), the excess energy in the nucle· 

., .. ... -
.......... . ........ ......• _ ... 

PEAR·SHAPED VIBRATION of an excited lead nucleus (right) 

departs from the spherical by about 10 per cent of its diameter, or 

a little more than one fermi. (A fermi is 10.13 centimeter.) The 
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us is emitted in the form of a gamma ray. Lead 207 (middle) is 
capable of only one such excitation, since it has only one hole in its 

outermost shelL Lead 208 (bottom) has a full complement of neu·· 

trons in its nucleus and all its shells are "closed." When a fast neu· 
tron encounters a uucleus of lead 208, the nucleus vibrates back aud 

forth in a pearlike shape; this vibration, which also occurs in the 

other two isotopes of lead, accounts for the only inelastic scatter· 

ing peak in the spectrum of lead 208 (see illustration on page 82). 

normal lead nucleus (center) is portrayed in this case as a cloudy 

crystal ball, the surface of which owes its cloudiness to the nucleons 

(protons and neutrons) orbiting in its outermost shells (le/t). 
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the neutron loses energy to the nucleus, 
is known as inelastic scattering. Appar
ently the de-excitation process is so fast 
for lead nuclei, and the speed of the 
gamma rays is so much greater than that 
of the fastest neutrons in the experiment, 
that the gamma rays arrive at the detec
tor well ahead of the neutrons that are 
responsible for exciting them. 

The first neutrons to arrive at the 
detector are those that have been elas
tically scattered, that is, neutrons that 
have lost no energy to the scattering lead 
nuclei except for the very small amount 
spent in the elastic recoil of the nuclei, 
which are some 200 times heavier than 
the neutrons. The elastically scattered 
neutrons account for the highest peaks 
in the graph. All the neutrons that arrive 
later have experiencec,l inelastic colli
sions of one kind or another with the 
lead nuclei. In each case the amount of 
energy the neutrons have lost is a direct 
measure of the energy of excitation im
parted to the scattering nucleus. Thus 
the peaks in the graph are in a simple 
one-to-one correspondence to the spec
trum of excited states of the nuclei in 
each lead isotope. 

Since all three isotopes of lead have 
the same number of protons in their 
nuclei (82), the different spectra ob
tained for each by the foregoing method 
must be related to the slightly differing 
number of neutrons in the nuclei (re
spectively 124, 125 and 126). The sig
nificance of these differences can best 
be explained by referring to the shell 
model of the nucleus, which is closely 
analogous to the shell model of the atom 
[see "The Structure of the Nucleus," 
by Maria Goeppert Mayer; SCIENTIFIC 
AMERICAN, March, 1951]. According to 
this model lead 208 is considered the 
nuclear analogue of a "noble" gas such 
as argon. It has a full complement of 82 
protons and 126 neutrons in its nucleus; 
its nuclear shells, made up of both pro
tons and neutrons, are "closed." Appar
ently lead 207 has one "hole," or va
cancy, in its outermost neutron shell 
and lead 206 has two holes. For lead 207 
the inelastic peaks correspond to the 
excitation of one particle, whereas for 
lead 206 the peaks correspond to the ex
citation of one or two particles. Thus 
the increased number of possible inelas
tic interactions for lead 206 accounts for 
the greater complexity of its spectrum 
[see top illustration on opposite page]. 

One common feature shared by the 
energy spectra of all three of the lead 
isotopes is the excitation associated with 
the single inelastic peak in the lead-208 
spectrum. Both lead 206 and 207 have 
close counterparts to this peak in their 
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spectra. This similarity in the energy 
spectra of the lead isotopes was first 
emphasized by Bernard L. Cohen of the 
University of Pittsburgh, who employed 
charged particles as nuclear probes; it is 
probably caused by the so-called octo
pole vibration of the nucleus as a whole. 
As a result of an inelastic collision with a 
neutron or a charged particle, the nu
cleus is deformed from its normal spheri
cal shape into a pearlike shape, with 
the base of the pear oscillating back and 
forth [see bottom illustration on page 
84]. This is an example of "collective 
nuclear motion," the importance of 
which was first recognized by L. James 
Rainwater of Columbia University and 
which has been investigated intensively 
over the past decade by Aage Bohr and 
B. R. Mottelson of the Institute for 
Theoretical Physics in Copenhagen. 

The new systems for fast-neutron spec-
troscopy get their most striking re

sults, however, not from the spectrum 
obtained at a single scattering angle but 
from an analysis of the spectra obtained 
at many angles. By observing the varia
tions in the spectral peaks with angle 
it is possible to arrive at the angular 
distributions of the neutrons associated 
with the various kinds of nuclear inter
actions and to infer from these angular 
distributions the actual size, shape and 
even the rate of spin of the scattering 
nucleus. 

The importance of angular distribu
tion in determining the size and shape 
of the nucleus can be best appreciated if 

one thinks of the neutron as a wave 
rather than as a particle. For example, a 
neutron whose energy is 3.5 Mev has an 
effective wavelength of about 15 fermis. 
(One fermi is 1O·1� centimeter.) A lead 
nucleus has a diameter of about 15 
fermis and can be visualized as a slightly 
cloudy crystal ball, which partially re
flects, partially transmits and partially 
absorbs the incident neutron wave [see 
"A Model of the Nucleus," by Victor F. 
Weisskopf and E. P. Rosenbaum; SCI
ENTIFIC AMERICAN, December, 1955]. 
The part of the wave that is reflected 
will interfere with the part that is trans
mitted; the resulting intensity of the 
wave at any given angle will depend on 
the details of the shape of the nuclear 
surface and the optical properties of its 
interior. Thus the angular distribution 
of elastically scattered neutrons is es
sentially an optical diffraction pattern 
such as one observes when ordinary 
light is scattered by an object whose 
size is comparable to the wavelength 
of the light itself. By interpreting the 
diffraction pattern in terms of the scat
tering nuclei we are able to determine 
the optical properties of the nuclei. 

The results obtained recently also 
give an estimate of the magnitude of 
nuclear distortion in an excited state. 
It has been possible to infer that a lead 
nucleus in pear-shaped vibration as a 
result of being bombarded with ener
getic neutrons departs from the spheri
cal by about 10 per cent of its diameter, 
or a little more than one felmi. It can 
be said that we "see" the nucleus with 

2.5 ,----T·······-------····-·····-r-----················---,-------, 
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ANGULAR·DISTRIBUTION CURVES were obtained by bombarding a sample of lead 

206 with 2.5-Mev neutrons. Tbe energies of the emergent neutrons were about one Mev 

(top curve ) and 1.3 Mev (bottom curve ) . The characteristic dishlike shapes of these curves 

are shallower for neutrons that have given up more angular momentum, or spin, to the scat

tering nuclei. Spin of excited nuclei is two units for top curve and zero for bottom curve. 
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this sort of detail even though the wave
length of the neutron we use to look at 
the nucleus is comparable to the nu
clear diameter. 

The graph on this page presents some 
angular distributions recently obtained 
at Los Alamos corresponding to two in
elastic interactions that are observed 
in the scattering of 2.5-Mev neutrons 
from lead 206. These distributions 
characteristically have the symmetrical 
shape of a dish. They are not so readily 
interpreted as diffraction patterns and 
suggest that a quite different model is 
required to describe them. 

Elastic scattering is an example of a 
"direct" process that occurs in the very 
short time it takes a fast neutron to 
cross a nucleus-about 10.22 second. 
Inelastic scattering of the sort that pro
duces the dish-shaped patterns shown 
in the graph can be explained if we 
assume the so-called compound-nucleus 
mechanism of nuclear reactions, which 
is based on a suggestion of Niels Bohr. 
On this model the incident neutron 
amalgamates with the target nucleus to 
form a compound nucleus that, after an 
interval of about 10-18 second, decays 
by emission of a neutron, leaving the 
original nucleus in one of its excited 
states. It should be noted that although 
we now have effective means of measur
ing short time intervals, it is entirely 
beyond our ability to distinguish be
tween direct and compound-nucleus 
processes by time measurement alone. 

To see how the compound nucleus 
gives rise to dish-shaped patterns we 
shall refer to a Simplified particle model 
proposed by Torleif Ericson of the Eu
ropean Organization for Nuclear Re
search (CERN) in Geneva. On this 
model we make the further simplifica
tion that the target nucleus has no spin 
of its own, so that the spin of the com
pound nucleus is due entirely to the 
angular momentum brought in by the 
incident neutrons. Thus the compound 
nuclei produced by neutron bombard
ment from a given direction will all be 
set spinning with their axes of spin in a 
plane perpendicular to that direction. 
One can imagine these compound nu
clei as being a collection of spinning 
wheels whose axes of spin point in many 
directions but are all confined to one 
plane. 

The decay of the compound nucleus, 
which results in the emission of a neu
tron, leaves the original nucleus in one 
of its excited states (or, in special cases, 
in its ground state). The process of neu
tron emission can be visualized as being 
similar to the throwing off at a tangent 
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THE SMART NEW WAY TO 
CROSS THE CONTINENT ... 
UNITED INTRODUCES 
ONE-CLASS RED CARPET JETS 
NONSTOP COAST TO COAST 

Starting March 8, United will 

introduce One-Class Red Carpet service 

to travelers on nonstop jets 

between New York, Los Angeles, 

and San Francisco. And from 

New York to Seattle. 

For these new nonstops, United will use 

the powerful DC-8 Mark IV Jet 

Mainliner®. Among commercial jets, 

the DC-8 has flown faster (the only 

jetliner to break the sound barrier), 

higher and farther than any other. 

Redesigned for One-Class Red Carpet 

service with a bright new interior 

decor, the DC-8 will feature that 

first-class feeling of comfort 

at a price that's close to coach. 

Select a wide, comfortable seat 

anywhere in the spacious cabin. 

One-Class Red Carpet service 

is also available in cities 

across the U. S. A. on United's 

720 and great new 727 jets. 

More than a million passengers 

have already chosen One-Class service. 

They prefer it to first class 

(it's a far better value), they prefer 

it to coach (not cramped or 

crowded) and their companies approve 

it for business travel (nearly 

600 of the nation's leading companies 

changed their "coach only" policies). 

Why not try One-Class Red Carpet 

service on your next trip? 

It's the smart new way to travel. 

7 C 1 
UNITED 

i® 
THE NATION'S LARGEST AIRLINE 

KNOWN FOR EXTRA CARE 

© 1964 SCIENTIFIC AMERICAN, INC



88 

I 

DC-to-SJMC 
10 MV /CM 

solid-state 
oscillosc'ope 

for accurate, 
reliable measurements .. 

even in difficult 
environments 

Type 647 Features 
with 10A2 and 11B2 

Plug-In Units 

• Dual-trace operation. 10 
mvlcm sensitivity. Dc-to
>50 Mc passband. Less than 
7-nsec risetime. 

• 6-cm by 10-cm display 
area. Internal, no-parallax 
graticule. Controllable grati
cule illumination. 14-kv ac
celerating potential. 

• 2 time bases, independ
ent triggering. Sweep rates 
to 0.1 J.(sec/cm. lOX sweep 
magnifier. 

• Sweep delay 50 sec to 
1 J.(sec. Single-sweep oper
ation. Wideband (>50 Mc) 
triggering. External horizon
tal input. 

• Bright line automatic 
triggering. +10 external trig
ger attenuator,(on main time
base triggering). 'Ground' 
input positions on each ver
tical channel. 

• l-kc voltage calibrator, 
(crystal controlled). Push
button trace finder. Dc
coupled Z-axis amplifier. 
Current-probe calibrator. 

• 100 v-130 v line voltage. 
No calibration changes with 
line fluctuations. 50-to-400 
cps line frequency. Low 
power-185 watts, approxi
mately. Convection cooled
no fan needed. 

Type 647 Oscilloscope 
(without plug·ins). $1225 

Type 10A2 Dual·Trace 
Unit . $675 

Type 11 B2 Time·Base 
Unit . . . . • . . •  $825 

2 P6008 Probes • . • •  $ 70 

U.S. Sales Prices Lo.b. Beaverton, Ore. 

FOR MORE INFORMATION-OR TO ARRANGE A DEMONSTRATION_ 
PLEASE CALL YOUR TEKTRONIX FIELD ENGINEER. 

Tektronix, Inc. 

The Type 647 
Oscilloscope and 

plug-in units add new 
convenience to 

display and 
measurement of high 

sensitivity, wide band, 
dual trace 

applications. 
Adaptable and 

versatile, the 
osc;l/Ioscope retains 

accuracy, within 
stated specifications, 

under extensive 
temperature 

variations . . •  

fluctuating line 
voltages • . .  other 

difficult conditions. 

TEMPERATURE 

Non-Operating -55·C 
to +1S·C. Operating 
-30·C to +65 ·C. 

SHOCK 

Non-Operating 20 G's 
max, 2 shocks, each 
direction, along each 
of 3 major axes. 

HUMIDITY 

Non-Operating meets 
MiI-Sld-202B, Meth
od l06A, exc�t free.t
lng, vibration, through 
5 cycles (120 hours). 

VIBRATION 

I 

Non-Operating or Op
erat[hg 0.025" pk-pk, 
10-55-10 cycles, (4 G's 
max), 1 min cycles, 15 
mi� each major axis. 

ALTITUDE 

P.o. BOX 500' BEA VERTON. OREGON 97005 • Phone: (Area Code 503) Mitchell 4-0161 • Telex: 036-691 
TWX: 503-291-6B05 • Cable: TEKTRONIX· OVERSEAS DISTRIBUTORS IN 25 COUNTRIES 

TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Direc/ory. 

Teklronix Auslralia Ply., Lid., Melbourne; Sydney, Teklronix Canada Lid., Montreal; Toronlo 

Teklronix Inlernalional A.G., lug, Switzerland· Teklronix Lid., Guernsey, C. I. ' 

Teklronix U. K. Lid., Harpenden, Herts 

of a droplet of water from a spinning 
wheel. 

The droplets in our spinning-wheel 
analogy would come off in all directions, 
but a little consideration shows that 
because the axes of spin are all con
fined to a plane there will be one direc
tion to which each of the spinning 
wheels can make a contribution, and 
that is the original direction of the in
coming neutron. It is clear that the for
ward and backward directions will be 
equally favored if the compound nu
cleus has spun around enough times to 
"forget" when it was created. Thus the 
compound-nucleus model does predict 
dish-shaped angular distributions. 

Further consideration of this model 
shows that the dish will be deepest if 
the emitted neutron carries off all the 
angular momentum it brought in but 
will be shallower if it leaves some be
hind in the nucleus. The depth of the 
dish is an indication of the angular mo
mentum, or spin, of the excited nucleus 
that is left behind, so that we have here 
a means of inferring the spins of ex
cited states of nuclei to supplement the 
many other means that nuclear physi-
cists have devised. 

. 

It is evident from the graph that the 
dish shape corresponding to excitation 
of a low-spin state is substantially deep
er than that corresponding to a high
spin state. The detailed calculations 
whose results are given in the graph as 
solid lines are based on the quantum
mechanical theory of Walter Hauser of 
Boston University and Herman Fesh
bach of the Massachusetts Institute of 
Technology. Although they reproduce 
the main features of the results, there 
are discrepancies that remain to be 
resolved. 

The foregoing discussion has focused 
primarily on use of fast neutrons as 

nuclear probes. Useful and interesting 
information about nuclei is also ob
tained by studying the complex spectra 
of neutrons that usually result from the 
bombardment of nuclei by other ener
getic projectiles, such as deuterons, 
protons and X-ray quanta. Pulsed-beam 
time-of-flight methods are also appli
cable to this sort of problem, and ac
celerators of many types have been 
adapted for such purposes. The great
er intensities available in such work 
make it feasible frequently to use very 
long flight paths with substantial im
provement in accuracy and resolution. 
As the techniques of nanosecond-time 
spectroscopy improve, we can expect 
to see many more applications of this 
relatively new art. 
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INTERATOMIC M EASUREM ENTS. Adva n ces i n  com m u n icat i o n s  often p ro

d u c e  n ew m a n ufactu r i n g  a n d  test i n g  p r o b l ems.  Exa m p l e :  so l id state tec h n o l og y, 

w h i c h  i s  h el p i n g  revo l u t i o n i z e  co m m u n icati o n s  c i r c u i ts used i n  t h e  n at i o n w i d e  

Be l l  tel e p h o n e  n etwor k .  H ow c a n  t h e  str u ctu ra l q u a l ity o f  so l i d  state com po n 

e nts be m a i n ta i n ed w h e n  to l e r a n ces m ust b e  m easu red i n  i nterato m i c  d ista n ces? 

A sol ut i o n  bei n g  ex p l ored b y  Weste r n  El ect r i c  resea r c h  e n g i n e e rs at Pr i n ceto n ,  

N . J . ,  i n vo l ves t h e  m a r r i a g e  o f  e l ectro n i cs a n d  o p t i cs : com b i n i n g  a g a s  l as e r  a n d  

oth e r  e l ectro n i c  b u i l d i n g b l ocks with a M i c h e l s o n  i nte rfer o m eter.  T h e  coh e r

e n ce, m o n oc h romaticity a n d  i ntensity  of a l as e r  b ea m ,  i n  com b i n at i o n  with 

t h e  ca pa b i l i t ies of e l ectro n i c  c i rcu itry,  p ro m i se to exten d  t h e  u sefu l n ess of  

i nte rfe ro m et r i c  eq u i p m e n t  to i nterato m i c  s p a c i n g s. A n ot h e r  exa m p l e  of h ow 

Weste r n  E l ect r i c  tec h n o l o g y  h e l ps assu r e  a c o n t i n u o u s  s u p p l y  of q u a l i ty  c o m 

m u n i cati o n s  prod u cts for t h e  Bel l  T e l e p h o n e  System .  WESTERN ELECTRIC 

8 9  
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One 01 a series briefly describillY Glfl's researcl. ill deptl. 

When will it wear out ? 

Most things we know about-and this includes 

biological systems-begin to wear out as soon as they 

go into service. Survival rates do not follow a Gaussian 

distribution. Life is not symmetrical .  For the person 

concerned with reliability, the problem is to find a 

realistic mathematical representation of the wear-out 

phase of components. 

In a break from classical reliability statistics ,  GM 

Research mathematicians were among the first to use 
the relatively little known Weibul l  distribution function 

. . .  a remarkable generalized way of handling skewed 

distributions by one family of straight lines . To 

demonstrate its appropriateness, they've developed a 

number of easy-to-use graphical techniques for planning 

and interpreting life tests, fatigue experiments , and 

even incomplete field service data. Among 

their pioneering contributions : 

A new method using median ranks for graphically 

describing experimental main effects and interactions ; 

New ways of s lashing test times and optimizing 

experimental designs ; 

A new method (theory of suspended items) for 

analyzing endurance data in which some items have 

failed and some are still running. 

Now an accepted standard in the bearing industry, 

their graphic Weibull techniques have filled numerous 

papers and two books now on press . It 's  one of the ways 

GM researchers and engineers are working to bring 

improved reliability to both space and earth-

bound hardware. 

General Motors Research Laboratories 
Wa rre n ,  M ic h iga n 

FREQUENCY OF 
FAILURE, I(x) 

TIME IN SER VICE, x 

WEAROUT 
FAILURES 

RANDOM 
FAILURES 
INFANT 
MORTALITY 

Varying one parameter ( b )  in the Weibull 
distribution function allows the characteriza
tion of many types of reliability phenomena. 
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FORGETTING 

The ability to relnember can be studied experimentally. Such studies 

point to some Inisconceptions about ho\v different kinds of material 

are learned and what circumstances may produce lapses of the memory 

R
odin's sculpture "The Thinker," 

modified slightly by the addition 
of a wrinkled brow and a sugges

tion of anguish in the facial expression, 
could represent man in a more familiar 
aspect that might be labeled "The For
getter." All of us spend more or less time 
in the mental activity known as trying 
to remember. Who has not had the ex
perience of groping futilely for a name, 
a street number or the ending of a joke? 

As an important property of the hu
man mind, forgetting has received a not 
inconsiderable amount of research at
tention. From this has emerged a theory, 
strongly supported by recent experi
mental studies, that now provides us 
with a good start toward explaining 
some of the factors involved in remem
bering and forgetting. 

The experimental investigation of 
forgetting in psychological laboratories, 
which began with pioneering studies by 
the German psychologist Hermann Eb
binghaus in 1885, generally follows a 
standard procedure. The subjects (usu
ally college students) are given a list 
of words or nonwords (for example, a 
combination of letters such as QZR) to 
remember. The list may consist merely 
of a sequence of items the subject is 
required to recall in the proper order 
or of a group of paired items (for ex
ample, DAX-yellow), in which case one 
member of each pair (DAX) is presented 
later and the subject is required to re
spond with the other (yellow). During 
the learning session the items are pre
sented to the subject one at a time, each 
for a second or two, and after he has 
gone through the list in this way he is 
asked to give the full list; this procedure 
is repeated until he has mastered the 
list to a level fixed by the experimenter 
(100 per cent correctly, or 75 per cent 
or some other standard). 

by Benton 1. Underwood 

The subject is then tested after a cer
tain interval (24 hours, a week, a month) 
to see how much of his learning he has 
forgotten in that interval. If he learned 
10 items or pairs and is now able to 
recall only eight correctly, we say his 
forgetting score is 20 per cent. Obvi
ously the amount of forgetting will in
crease with time; it will generally be 
substantially higher after a month than 
after a day. 

Now, this simple type of test quickly 
establishes several surprising facts that 
show that some of our notions about 
forgetting are misconceptions. One of 
these has to do with the nature of the 
material that is to be remembered. 

If we examine only the learning phase 
itself, there are three important fac

tors, three things that mainly determine 
the ease or speed with which one learns 
a list of items. First, of course, is the 
subject's learning ability; this varies 
considerably from individual to indi
vidual. We can disregard this variable 
for the moment and consider only the 
material. Here we find two decisive vari
ables. In the first place, the speed of 
learning a list of items depends a great 
deal on how meaningful they are. A 
list of words such as air, may, hot, cup, 
men is easy to learn; many college stu
dents can master it by studying the 
items just once. On the other hand, it 
takes a number of study trials to learn 
a list of items of low meaningfulness 
such as VKN, HXT, CGQ, MWS, BJP. 
That is to say, it is much more difficult 
to plant nonwords than words in the 
memory storage system. 

The other factor that powerfully in
fluences the rate of learning is the degree 
of similarity or non similarity between 
the items. The more alike the items of 
a list are, the harder it is to learn to 

repeat them. In the case of non words, 
the similarity may consist in the same 
letters being used in different combina
tions. Take a list such as XQV, KHQ, 
VHX, VKQ, HVK. It presents so much 
overlapping and opportunity for con
fusion that many college students are 
quite unable to learn it even in an hour 
of study. For those who do learn it, 
it may take as much as five times 
longer than the list of nonsense items 
in the paragraph above, which at least 
has the virtue of being composed of 
sharply different items. The rule that 
similarity makes for difficulty in mem-

FAMILIAR PLIGHT is represented by this 

figure of a man searching his mind for a 

fact that he knows is there and finding in

stead only a jumble of more or less related 

items soon trailing off into a total blank. 
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BEAKER ANALOGY indicates learning by level of water, forgetting by evaporation. 

As level rises, surface area decreases, so that there is less evaporation. Fast input (right) 
represents easy material or quick learner; but in time the slow input (left) will fill the 

beaker just as high. Similarly, remembering appears to depend on the degree of learning. 

orizing applies to words as well as non
words. It is difficult indeed, for example, 
to learn to give in order the words in 
a list such as arctic, mammoth, huge, 
icy, cold, immense, frigid, giant. 

Now we can consider some paradoxes 
that emerge from tests of forgetting. 
To begin with, almost everybody sup
poses material that is easy to learn is 
also easy to remember. For instance, 
a list of meaningful words should be 
remembered better than a list of non
sense words, should it not? Surprisingly, 
the tests show that there is no differ
ence: the rate of forgetting is no higher 
for items of low meaningfulness than it 
is for highly meaningful material. If the 
two kinds of material are learned equally 
well in the first place, the scores of re
membering, or forgetting, are about the 
same for both after a lapse of time. 

It is true that, given the same amount 
of time for study, the more meaningful 
material will be remembered better in 
the later test. For example, if one group 
of subjects is asked to learn a list of 
words and a second group is assigned 
a list of non words, and both groups 
are allowed just five minutes for learn
ing their lists, the first group will score 
higher in the test of recall 24 hours 
later. A list of dissimilar items will be 
remembered better than one of similar 
items, again provided that the time al
lowed for learning is the same in both 
cases. But these results merely show 
that it takes longer to learn the one 
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kind of material than the other. If we 
allot more time for learning the more 
difficult material, so that the group 
learning it reaches the same degree of 
proficiency as a group that has spent 
a shorter time mastering easier material, 
then the difficult list will be remembered 
later just about as well as the easy one. 
In short, when it comes to forgetting, 
or remembering, what counts is not the 
nature of the material but the degree 
of original learning. 

We can illustrate the point neatly 
with a physical analogy. Suppose we 
liken the learning process to the pour
ing of water into a pyramid-shaped 
beaker [see illustmtion above J. The 
height of the water level represents 
the degree of learning. As the water 
level rises, the area of its surface de
creases, as a result of the beaker's 
pyramid shape. We say that forgetting 
is represented by the evaporation of 
water from the surface. The higher the 
water level (that is, the degree of learn
ing), the smaller the surface and there
fore the slower the evaporation (that is, 
the rate of forgetting). 

Now, when the learning is easy and 
the learner fast, the input of water into 
such a beaker will be much more rapid 
than it is when the material is difficult 
and the learner slow. In a given time 
(say five minutes) a fast input will 
produce a considerably higher water 
level in the beaker than a slow input 
would. But given time the slow input 

can fill the beaker to as high a level 
as the fast one, and the rate of evapo
ration (forgetting) will then be the same. 
The point of the analogy is that the 
ultimate degree of learning, rather than 
the rate of learning, is the critical factor 
in the rate of forgetting. If the degree 
of learning reaches a certain level, it 
makes no difference how long it took 
to reach that level. Given the same level 
of learning, nonsense material is not for
gotten more rapidly than meaningful 
material, nor a high-similarity list more 
rapidly than a low-similarity list. 

What about differences in the learn-
er's ability? Surely a slow learner 

will forget more rapidly than a fast 
learner. Not at all: the experiments show 
conclusively that this too is a miscon
ception. Allowed enough time to study a 
list so that he can reproduce it as readily 
as a fast learner, a slow learner will 
score as high as a fast one in later tests 
of remembering the list. 

This suggests that a bright student 
does better on examinations than a dull 
one because he has learned the subject 
matter more effectively, not because his 
memory is superior. If both students 
spend an hour studying for a test the 
next day, the bright student will have 
mastered the lesson more fully; he will 
ha ve filled his beaker to a higher level, 
so to speak. But the dull student may 
fill his to the same level by studying, 
say, three hours, and in that case he 
is likely to do equally well on the exami
nation. Many students of average learn
ing ability perform as well in school as 
those with greater ability simply because 
they spend more time studying. 

Repeated tests of forgetting with vari
ous groups of subjects in various test
ing situations have disclosed a pattern 
that leads to a general theory. To sum
marize the findings, let us take the 
performances of a single representative 
individual. 

We start with a "pure" situation: the 
subject is given a list to learn in the 
laboratory for the first time. Of course, 
the situation is not quite pure; the su b
ject's performance will be affected by 
his previous learning of various kinds 
in other contexts, but it is pure enough 
for our purposes. The subject studies 
the list until he is just able to repeat 
it perfectly, and then he is tested 24 
hours later. We find that he has for
gotten 20 per cent of the items. This 
is a constant rate of forgetting; it holds 
for all kinds of items and all kinds of 
student subjects. 

Next we give the subject a second list 
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to learn and test him on this list 24 
hours later. This time his performance 
is not quite so good as it was in the pure 
situation: he forgets more than 20 per 
cent. vVe go on in the same way with 
a third list, a fourth, a fifth and so on 
up to 20 lists. Plotting his successive 
performances on a graph, we find a 
startlingly sharp rise in his rate of for
getting [see illustration below]. In the 
case of the 20th list, 24 hours after 
learning it he has forgotten 80 per cent 
of the items! 

The experiment shows that the more 
lists a subject has learned, the more he 
forgets of the last list he studied. Some
how each list learned contributes to the 
forgetting of the following list or lists. 
But how? How can something learned 
10 or 20 days ago influence the forget
ting of new material? Let us explore the 
question with further experiments. 

This time we ask a new subject to 
learn two lists, both of the paired-asso
ciation type and related to each other. 
The first list is DAX-neutral, VOH
pretty, PEL-hybrid, QUS-arctic. (Usu
ally we would use a longer list, but this 
shortened version will do for illustra
tion.) After the subject has learned to 
say "Neutral" when he is shown DAX 
as the cue, "Pretty" in response to VOH 
and so on, he is given the second list 
to learn, this time with different words 
associated with the same cues: DAX
yellow, VOH-agile, PEL-fiashy, QUS-
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unclean. Learning an item in the second 
list is like learning a new number for 
your home telephone or a new position 
for reverse in your car's gearshift. It 
takes the subject a little longer to learn 
the second list to the point where he 
can give the correct responses to all the 
items in a trial, but he does not have 
as much difficulty in learning as one 
might expect. 

Twenty-four hours later we test the 
subject on each list. If he had been 
given only one list to learn, his for
getting score would have been 20 per 
cent. But now his forgetting, or failure, 
is 60 per cent on both lists. That is to 
say, his forgetting has been increased 
by 40 per cent, and we must conclude 
that the reason is interference of one 
list with the other. This interpretation 
is borne out by the fact that in trying 
to recall the associations in the first list 
the subject often gives a word or two 
from the second list and vice versa. It 
is as if the two learning batches had 
been poured into a single beaker and 
become mixed together by diffusion as 
time passes. 

In the cases just described we can 
say List 2 exerted retroactive inter
ference with the recollection of List 1, 
and List 1 caused proactive interfer
ence with the attempt to remember List 
2. These experiments illustrate another 
important principle: The interference, 
and hence the forgetting, is most severe 
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when the things to be remembered are 
very similar to each other. Here we had 
two lists in which the cues, to which 
different answers had to be given, were 
identical. We would get the same high 
rate of forgetting if the two lists were 
simply lists of words, one of which con
sisted of synonyms for the correspond
ing items in the other. 

Summing up these observations in the 
form of a general theory, we can 

say that all forgetting results basically 
from interference between the associa
tions a man carries in his memory stor
age system. 

In our attempts to recall any given 
memory or bit of information, two kinds 
of interference are operating: proactive 
(by associations stored before this par
ticular one) and retroactive (by others 
stored after it). And the amount of 
interference depends on certain other 
factors, the most obvious of which is 
the degree of similarity of interfering 
associations to the one we are trying 
to recall. 

These principles have been demon
strated by a number of experiments in 
addition to those on remembering lists 
of words. For instance, Norman J. 
Slamecka of the University of Vermont 
has shown that proactive and retroac
tive interference occurs in experiments 
in remembering sentences. Jack Richard
son of Harpur College of the State Uni-
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RATES OF FORGETTING found experimentally are charted. 

Curve at left represents subjects who learned a list and tried 

after 24 hours to recall it, repeating the process through 20 lists; 
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forgetting of any list was related to number of previous lists. 

Curve at right represents subjects who saw a nonsense syllable for 

one second and then were asked to recall it up to 18 seconds later. 
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versity of New York, using opposing 
concepts as the memory items, has dem
onstrated that retroactive interference 
operates to increase the rate of forget
ting there also. Jacsue Kehoe of Brown 
University has found that retroactive 
interference operates even in pigeons, 
tending to destroy their memory for 
simple responses. 

One of the most striking illustrations 
of the power of proactive interfer

ence has been given by an experiment in 
which a subject was asked to recall 
single items after a very short interval. 
This technique was initiated by a hus
band-and-wife team of psychologists, 
Lloyd R. and Margaret Jean Peterson of 
Indiana University. They displayed a 
nonsense syllable, such as QRL, for one 
second and then asked their students 
to recall the item at various short inter
vals afterward up to 18 seconds. The 
subjects' memory for the item declined· 
in direct proportion to the lapse of time, 
and after 18 seconds 90 per cent of the 
students were unable to recall it cor
rectly. This could be taken to mean that 
the memory trace merely decays in a 
simple fashion with the passage of time. 
But further experiments have made it al
most certain that the forgetting is due 
to proactive interference. If 9ne ex
amines the retention of the very first 
item presented to the subjects, he finds 
little or no forgetting after 18 seconds. 
It is only after the subjects have been 

QZJt 
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tested on several successive items that 
the rapid forgetting occurs. Clearly in 
this case the early items interfered with 
the recollection of later ones. 

The demonstration brings us back to 
the finding that in the "pure" laboratory 
situation-learning the very first list of 
items-our subjects generally forget 20 
per cent in 24 hours. We can now see 
more clearly that the situation is not 
strictly pure: there is proactive inter
ference from the subjects' prior learning 
outside the laboratory. Almost any items 
we present to them will have earlier 
associations. For example, if we present 
the subject with the pair table-duck, 
requiring him to remember that to table 
he must respond with duck, his learning 
of this association will be complicated 
by other associations he has already 
formed with table, such as chair or din
ner. By the same token, there is also a 
possibility of retroactive interference by 
associations with table formed during 
the 24 hours between the laboratory 
learning and the test of recall; the stu
dent may happen, for instance, to en
counter the German word for "table" in 
a German class during that interval. 

In an experiment with non words there 
is much less chance of such associations, 
of course, but even in that case the 
subjects are undoubtedly influenced by 
prior memories of combinations of 
letters, such as initials of names. 

Earlier I noted that there is no evi
dence that slow learners forget either 

DAX-,YeUow 
VOH-ctgilt
PELfotsl� 
Q.US· unc1iim 

TYPES OF LIST given to subjects in experiments on memory included sequences of 

items (left) and paired items (right). A subject given a sequential list was asked to recall 

tbe items in same order at some subsequent time. Persons learning paired items were 

asked later to respond with one member of a pair (yellow) when given the other (DAX). 
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SIMILARITY OF ITEMS in a list appeared 

to make learning more difficult. A list 

of the type at left, with little similarity, 

was easier for subjects to memorize than 

a list of the type at right, with extensive 

overlapping. The same difficulty in learn

ing appeared with lists of words relating 

to a single subject, such as the Arctic. 

more or less rapidly than fast learners. 
This evidence, however, is based on the 
use of college students as subjects. If 
we consider much wider differences in 
learning ability than are present among 
college students, the interference theory 
suggests a conclusion that may seem to 
some a surprising paradox: a bright per
son should forget more rapidly than one 
who is mentally slower! Suppose we 
were to give the memory test to a bright 
child and a slow one. If the difference in 
their learning ability is great, we must 
suppose that the bright child has stored 
much more in his mind, both before 
and after the list-learning session, than 
the slow learner. Therefore his memory 
storage system must contain many more 
interfering associations; he will be beset 
by more proactive and retroactive in
terferences at the time of the test and 
as a result may not recall the particular 
list as well as the child who has �ess 
in his mind. This proposition has not 
yet been carefully tested, but it will not 
be surprising if experiments show it to 
be correct. 

From the interference theory it also 
follows that a 20-year-old should forget 
a given list more rapidly than a 10-year
old because his greater experience makes 
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Take a closer look at one of the 7 best made cars in the world 

Peugeot 404: $2645 East Coast POE, $2736 West Coast POE 
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YOU PUT 

THIS MUCH 
CHARCOAL 

INTO 
THIS MUCH 

PAPER? 

RtEGEL. DOES IT ONA PAPER MACHINE 
••• TO MAKE THINGS LIKE GASI AEROSOL FACE MASKS 

him more subject to proactive interfer
ence. Similarly, the theory may account 
for the fact that old people are notori
ously forgetful of recent or current 
events although they show a remark
able memory of happenings of long ago. 
Here, however, proactive interference 
probably is only part of the answer, be
cause deterioration in learning ability or 
concentration may help to weaken their 
memory of recent events as they grow 
older. 

We must ask: If interference is so po
tent in making us forget things, how 
can we remember the enormous assort
ment of facts and items that all of us 
do manage to retain? The average 20-
year-old has a great deal of information 
he can produce readily. He possesses 
a large vocabulary of words he can de
fine on demand; he can recite a poem 
or two he learned many years ago; he 
can run off the Lord's Prayer and most 
of the Gettysburg Address; he carries 
with him, without having to look them 
up, the telephone numbers of several 
girls, the batting averages of many base
ball players, perhaps the engine specifi
cations of the new sports cars and similar 
items. He may even be able to talk with 
some sophistication about the subject 
matter of his college courses. How is it, 

INTERFERENCE with memory may occur 

as a result of matter learned earlier or 

later. The former is proactive interference; 

the latter, retroactive. A man trying to 

remember a telephone number may have 

interference from other (and perhaps simi· 

lar) numbers learned earlier or later, so 

that he jumbles the number he wants. 

© 1964 SCIENTIFIC AMERICAN, INC



Orbiting Solar Observatory (OSO-1) for monitoring 

solar radiation-Official NASA Photo, 

Detection of the 50-400A 
Region • 

In NASA's S-16 
A significant experiment designed by 
personnel of NASA's Goddard Space 
Flight Center as part of the first Orbit
ing Solar Observatory launched in 
early 1962 involved a study of solar 
X-rays, the probable source of which 
lies close to the base of the corona, 
Study of such radiation could not only 
lead to a theory for predicting solar 
flares but may also point the way for 
more accurate sun simulation in en
vironmental testing. High resolution 
solar spectra in the 50 to 400 Angstrom 
region had never before been achieved. 
Hence, the OSO experiment. 

The solar far vacuum ultraviolet 
soft X-ray spectrometer, utilizing a 
Bendix M-306 windowless photon 
detector, is mounted in an instrument 
housing in the upper portion of the 
satellite, the non-spinning section 
which remains oriented to the sun. 
In operation, solar radiation enters a 
slit and is diffracted by a curved grat
ing, ruled 576 lines per mm. The 
resulting spectrum is focused along a 
circle according to wave length. The 
motor driven detector moves along 
this circle measuring radiation inten
sity throughout the desired wave 
length region_ 

The pulse output of the Bendix 
detector is then converted into binary 

wave form for telemetry to earth. 
The particular Bendix detector, de

signed and fabricated for NASA's 
use in this experiment, differs signifi
cantly from conventional electron 
multipliers in that it uses a single 
dynode-fOlmed of a continuous sur
face of high resistance semiconductor 
material-rather than many individual 
dynodes. In operation, electrons pro
duced by impingement of photons on 
the cathode gain energy from the 
electric field produced by the poten
tial drop along the highly resistive 
semiconductor surface. 

A magnetic field, perpendicular to 
the electric field, forces the released 
electrons to travel in cycloidal paths, 
striking the strip "downsb'eam" at 
regular intervals, each electron releas
ing additional secondary electrons. 
Eventually the swarm of electrons 
reaches the anode as a greatly ampli
fied current. 

The Bendix® Magnetic Electron 
Multiplier design pelmits current gains 
of over 10' without any activation to 
enhance secondary emission properties 
of the dynode surface. This type of 
multiplier is therefore particularly use
ful for applications where it must be 
periodically exposed to air. 

The Bendix model M-306 photon 

Research Laboratories Division 

detector used in the OSO-l, S-16 had 
a background counting rate of less 
than 1 count per 8 seconds. New and 
improved models, smaller in size and 
with special cathode materials, have 
been developed for future space 
experiments. Additional information 
on Bendix Electron Multipliers is 
available. 

Bendix Research embraces a wide 
range of technology including acous
tics, nuclear, solid state physics, 
quantum electronics, mass spectrom
etry, photoelectronics, electron beam 
and tube technology, measurement 
science, applied mechanics, energy 
conversion systems, dynamic controls, 
systems analysis and computation, 
navigation and guidance, microwaves, 
digital techniques, data processing and 
control systems. Motivation: to develop 
new techniques and hardware for The 
Bendix Corporation to produce new 
and better products and complete, 
integrated, advanced systems for aero
space, defense, industrial, aviation, and 
automotive applications. Inquiries are 
invited. We also invite engineers and 
scientists to discuss career position 
opportunities with us. An equal 
opportunity employer. Write Direc
tor, Bendix Research Laboratories 
Division, Southfield, Michigan. 

�ncfY 
CORPORAl10'" 

WHERE IDEAS 
UNLOCK 
THE FUTURE 
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This helicopter is air-lifting a new, com
pact 3-D radar which can be taken to 
trouble spots anywhere in the world at a 
moment's notice. It meets the need for 
systems which can snuff out threats to 
peace wherever they happen. 
Packaged in two small shelter-boxes, this 
ruggedly-built radar can operate in the 
most remote areas. Setup and on the air 
"instantly" (in about 30 minutes), it will 
monitor hundreds of aircraft in its area 
without any human attendant. 

Unlike conventional radar, the "picture" 
of air activity it presents is three-dimen
sional-simultaneously and accurately 
showing distance, direction and height of 

aircraft. Thus, it is equal to the difficult 
task of locating and tracking today's 
supersonic targets. And, it can provide the 
information necessary for commanders to 
take swift, decisive action. 

This compact 3-D radar is the latest appli-

cation of Hughes' invention of frequency
scanning (Le., electronic positioning of 
radar beams). Conventional radars move 
in a "rocking" fashion - mechanically 
positioning its beams to determine the 
altitude of targets. Hughes 3-D radar, 

Now in operation, this new compact, lightweighl 

radar antenna is part of the Hughes air·trans· 

portable 3-D radar system. Hughes has tested 

and demonstrated this system before represent

atives of U. S. and tactical teams of our allies. 

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

: HUGHES : 
I I 
L __________________ � 
HUGHES AIRCRAFT COMPANY 
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through electronic beam positioning, elim
inates this movement. In the process it 
saves weight, allows a more compact 
easily-transported system, reduces cost. 
Hughes in Fullerton delivered the first 
3-D radar in 1957. Today, scores of these 
Hughes radars are deployed throughout 
the free world. 

Engineers and scientists with abilities 
and interests related to this activity or to 
other Hughes programs in electronics and 
space are invited to inquire. Hughes is 
an equal opportunity employer. Please 
address: Mr. S. L. Gillespie, Manager, 
Employment and Manpower, Hughes Air
craft Company, Fullerton 58, California. 
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CONSISTENCY IN RATE of forgetting appeared in experiments. A subject who studied 
any kind of list long enough to repeat it perfectly was found usually to have forgotten 
20 per cent of it 24 hours later. Here the list consists of 10 playing cards chosen at random. 

after all, that so much sticks in our 
minds? 

There seem to be two basic explana
tions. In the first place, learning and 
retention improve with practice. The 
more we use an item of information or 
an idea, the more firmly we establish 
it against interfering associations. Fre
quent reference to a telephone number, 
for example, removes it from the welter 
of less accustomed memories. 

In the second place, our retention of 
some things is fortified by the circum
stances under which we learn them. The 
schedule employed in learning has a 
strong effect in producing resistance to 
forgetting, as Geoffrey Keppel of the 
University of California at Berkeley has 
dramatically demonstrated. He tested 
two different schedules of learning a 
task complicated by strong proactive 
interference. The task required the sub
jects to learn four different sets of words 
paired to the same key words and then 
remember the fourth set in a later test. 
One schedule consisted in studying all 
four sets at a single sitting. In the other 
schedule Keppel had the subjects study 
the fourth set on a spaced-out basis 
over a period of four days, with two 
trials each day. This proved far more 
effective than the Single-session system. 
Those who did all the studying in a 
Single session had almost completely for
gotten the fourth set of words at the end 

of a week, whereas those who learned 
the fourth list separately in the spaced 
schedule showed 34 per cent retention 
of it even after a month. Just how such 
a schedule reduces proactive interfer
ence is not yet clear, although a number 
of investigators are working on the ques
tion. Perhaps the results of the experi
ment are merely another illustration of 
the fact that periodic repetition or use 
of an item makes it resistant to forget
ting. In any case, the experiment tended 
to bear out the well-established impres
sion that cramming for an examination 
is apt to result in quick forgetting of 
the crammed material. 

Now that we have a reasonable gen
eral theory of forgetting, it opens up 
many intriguing questions for both 
experimental and theoretical investiga
tion. Why does a severe emotional 
b'auma so often produce complete am
nesia for the event with which it is asso
ciated? Why, on the other hand, are we 
sometimes unable to repress the memory 
of a very unpleasant experience and 
instead build it up to greater dimen
sions? Why does a name resist our most 
agonized efforts to recall it and then 
pop into our minds at a moment when 
we apparently have no interest in it? 
Questions such as these demand labo
ratory investigation, and the interfer
ence theory may be helpful in one way 
or another in pursuing the answers. 
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The Discovery of Stellar Aberration 

This apparent displacelnent of starlight because of the ()elocity 

gi()en an obser()er by the earth's orbital nwtion was explained 

in the 18th centur:y by the English astronOlner James Bradley 

W
hen a man looks at a star, he 
sees the star not in its true po
sition but in an apparent posi

tion. The reason is that the motion of 
the earth around the sun is carrying the 
observer through space at a speed of 
about 18.5 miles per second, so that the 
starlight he sees undergoes an apparent 
displacement resulting from the com
bined effect of his velocity and the ve-

by Albcrt B. Stcwart 

locity of the light. A similar phenome
non is observed by a man driving a car 
at a modest speed through a snowstorm 
at night; even though the snow may be 
falling vertically, it appears to be mov
ing at an angle because of the combined 
effect of its velocity and the car's. 

The displacement, or aberration, of 
starlight can be detected by direct ob
servation because the earth is not al-

NORTHERN CONSTELLATIONS in the vicinity of Polaris, the pole star, are shown as 

they appear at midnight in mid-March. Observations by Samuel Molyneux and James Brad

ley of the star Gamma Draconis in Draco, checked when possible with observations of the 

small star in Auriga that they called "anti-Draco," led to the discovery of stellar aberration_ 

100 

ways moving in the same direction. 
Since the earth's orbit is nearly cir
cular, an observer who is being carried 
in one direction now will be moving in 
the opposite direction six months later. 
Owing to this change in direction, star
light that is displaced one way now will 
be displaced the opposite way six 
months from now. The actual displace
ment of starlight because of aberra
tion cannot be directly observed, but 
the changes in this displacement can. It 
was through following the changes in 
the displacement of several stars that 
the English astronomer James Bradley 
discovered stellar aberration early in the 
18th century. Bradley first assisted in 
and later extended observations by 
Samuel Molyneux, a wealthy amateur 
who like Bradley was a Fellow of the 
Royal Society. Both men were greatly 
aided by George Graham, whose me
chanical skill enabled him to construct 
instruments of such precision that effects 
too small to be detected earlier were 
made accessible to astronomers. 

The discovery of stellar aberration 
was of major significance in astronomy. 
It provided a convincing argument 
against die-hard anti-Copernicans who 
were still insisting that the sun revolved 
around the earth; it established a new 
standard of accuracy for astronomical 
measurements, and it proved in time to 
be an important piece of evidence for 
the principle of relativity. Yet, as is so 
often the case in the history of dis
covery, Molyneux and Bradley found 
stellar aberration when they were look
ing for something quite different. At 
first they did not know what they were 
observing. Molyneux may never have 
known; he died in 1728, about six 
months before Bradley arrived at his 
explanation of their observations. 

A century after the observations by 
Molyneux and Bradley, S. P. Rigaud, a 
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successor of Bradley's as Savilian Pro
fessor of Astronomy at the University of 
Oxford, assembled and published their 
data. Thus there exists an unusually 
complete record of a great discovery 
kept by the men who made it. 

What Molyneux and Bradley had 
hoped to do was to detect and 

measure stellar parallax: the apparent 
displacement of a star resulting from 
changes in the point of observation as 
the ealth moves through its orbit [see 
illustration on next page J. Since the Co
pernican doctrine asserted that an ob
server on the earth changes his point of 
observation as he and the earth proceed 
about the sun in the annual motion, the 
critics of the Copernican view had cited 
the failure to detect stellar parallax as 
evidence against a sun-centered system. 
Copernicus and his defenders had at
tributed the absence of an observable 
effect to the much greater distance be
tween the earth and the stars than be
tween the earth and the sun; in fact, 
the angles of stellar parallax are so small 
that the instruments of Bradley's time 
and earlier were unable to detect them. 
Stellar parallax was first measured by 
Friedrich Wilhelm Bessel in 1838; he 
found it to be .3 second of arc for the 
close star 61 Cygni. 

A half-century before the observa
tions. by Molyneux and Bradley, Robert 
Hooke had reported detecting a change 
during a year in the position of Gamma 
Draconis, a bright star in the constella
tion Draco, and had called it the result 
of parallax. (It was, as Bradley was able 
to show, the result of using an inac
curate instrument.) Inasmuch as other 
observers had been unable to con film 
Hooke's results, Molyneux and Bradley 
considered it highly desirable to repeat 
the work, with greater precision if pos
sible. They chose the same star because 
its brightness made possible day as well 
as night observations and because it 
passed within .1 degree of their zenith, 
the point directly overhead, thereby 
minimizing the displacement of the 
star's rays by refraction on entering the 
earth's atmosphere. 

So it was that at about noon on De
cember 3, 1725, Molyneux lay back on 
a couch on the ground Roor of his man
sion on the western edge of Kew Green, 
near London, and peered through the 
eyepiece of a vertical telescope at
tached to the south side of the central 
chimneys and extending through two 
ceilings to the garret, where an open
ing in the roof made possible observa
tions of the sky. At 18 minutes past noon 
Gamma Draconis entered his field of 

WOODEN GUARD 

TELESCOPE TUBE 

MICROMETER 

BRADLEY'S TELESCOPE, mounted in a house near London, was 12.5 feet long and 
could measure in quarter-seconds of arc any movement north or south by stars in its field. 
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view. By moving the tube of his tele
scope in a north-south direction he 
caused the cross hair to bisect the star 
[see illustration on opposite pagel. He 
next adjusted a brass plate screwed to 
the telescope in such a way that the wire 
of a plumb bob attached to the upper 
end of the telescope mount "exactly bi
sected" a mark he and Bradley had 
made on the plate as a reference point. 
With these adjustments, completed at 
about 1:00 P.M., he was now prepared 

GAMMA DRACONIS 

a 

JUNE DECEMBER 

to measure changes in the star's position. 
A measurement at any given time 

would consist of lining up the east-west 
cross hair of the telescope with the star, 
as it crossed the center of the field of 
view, by turning the wheel of a microm
eter. The reading of the wheel could 
then be compared with the reading ob
tained when the telescope was lined up 
to make the plumb line bisect the mark 
on the brass plate; the difference be
tween the two readings would give the 

b 

APPARENT 
POSITION 

) � VELOCITY OF EARTH 

angle by which Gamma Draconis had 
moved north or south since the initial 
alignment on December 3. Measure
ments could be read directly in seconds 
of arc, since Molyneux, Bradley and 
Graham had designed the thread of the 
micrometer screw and the divisions on 
the wheel so that one mark on the 
wheel corresponded to a change of one 
second of arc in the angle of the tele
scope. 

The precision of the instrument de-

TRUE 
POSITION 

VELOCITY 
OF LIGHT 

APPARENT 
POSITION 

VELOCITY OF EARTH 

PARALLAX AND ABERRATION are differentiated. Because 

of parallax (a) a telescope pointed at a star in June will have to 

be adjusted southward through angle f3 to point at star in Decem-

ber. In aberration (b) earth's orbital motion at 18.5 miles per 

second combines with movement of light at 186,324 miles per 

second to make the star appear to be out of its true position. 
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pended critically on the stability of the 
chimneys and on the alignment of the 
plumb line with the vertical. Changes 
in the position of the bearing that sup
ported the telescope, or any deflection 
of the plumb line, would alter the refer
ence position from which all angular 
deflections were to be measured. The 
designers had eliminated the difficulty 
of the swaying of the plumb bob by 
damping the bob's motion in water and 
by surrounding the lower end of the 
plumb line with a wooden tube that 
protected it from air currents. (The tube 
also provided a support for spider webs, 
which often had to be removed before 
the instrument could be adjusted.) In 
a series of preliminary measurements 
Molyneux found to his delight that suc
cessive readings of the wheel when the 
telescope was adjusted to bring the 
plumb line on the index agreed to within 
one second of arc, which justified read
ing the wheel to a fraction of a second. 

Bradley first came down to Kew on 

December 17 and established to his 
satisfaction that the instrument could be 
adjusted to .5 second by the plumb line. 
He had no particular reason to look at 
Gamma Draconis that day because ob
servations on December 5, 11 and 12 
had shown the star in essentially the 
same place and, as he wrote later, it 
was "a part of the year wherein no sen
sible alteration of parallax in this star 
could soon be expected." He added that 
"it was chiefly therefore curiosity that 
tempted me ... to prepare for observing 
the star on December 17th, " at which 
time he "perceived that it passed a 

little more southerly." On December 
21 Molyneux and Bradley again ob
served Gamma Draconis and found that 
it passed along the cross hair when the 
telescope pointed 3.5 seconds south of 
its December 3 setting. By March 6 the 
star was 21 seconds more southerly than 
it had been on December 3. It was first 
north of the mark on June 12. By De
cember 26, 1726, it was 6.9 seconds 
south, agreeing to .5 second with the 
average of the December 21 and Janu
ary 2 observations of the year before. 
During 1727 the observers recorded 
18 more transits of the star, bringing 
their total to more than 80 before they 
stopped using the Kew instrument at the 
end of 1727. 

Throughout the two years Molyneux 
continually checked the stability of the 
chimneys. On one occasion he wrote in 
the notebook recording their observa
tions: "This was a rainy, blowing tem
pestuous night; however this morning 
trying the instrument again we found 

FIELD OF VISION in the initial observations by Molyneux and Bradley with the former's 

telescope appeared as shown. Observer lay with head eastward; because of inversion by 

lens the star entered the field from bottom. It also described a barely detectable curved path. 

Aligning east·west cross hair with star gave movement north or south since first observation. 

the index as we left it last night at 5 
and we were obliged to alter it only to 
6; so that with this blowing, sudden 
change of weather, it alters but one sec
ond to bring it to the plumb line." And 
on another occasion: "There was a vio
lent and very unusual hurricane, such 
as hath not been known in many years 
... notwithstanding all which changes 
when we adjusted it this day the index 
stood at 11Jf, only 1/2 second different 
from what we left it." 

The notebook of the observations at 
Kew, with most of the entries made 

by Molyneux, is entirely lacking in spec
ulation on the cause of the changing 
declination of Gamma Draconis. To re
construct the way in which Bradley lill
raveled the mystery presented by the 
observations one must refer to a letter 
he addressed in 1729 to Edmund Hal
ley, the Astronomer-Royal (a post to 
which Bradley succeeded on Halley's 
death in 1742), for inclusion in the 
Philosophical Transactions of the Royal 
SOCiety. 

From the letter it is apparent that the 
rapid change of declination in Decem
ber, amounting to 3.5 seconds in 18 

days, was a complete surprise to Brad
ley. He realized for two reasons that 
the cause was not parallax. The effect 
of parallax would be greatest in March 
and September, when the change from 
one day to the next in the earth's posi
tion along the north-south direction is 
greatest; but (as is now realized) be
cause an observer's velocity is at right 
angles to the north-south plane when 
Gamma Draconis is overhead in Decem
ber and June, the change in the angle of 
aberration from one day to the next is 
greatest at those times. Moreover, the 
direction of the star's motion was to 
the south, whereas any observable 
motion that was due to parallax at that 
time of year should have been to the 
north. Rigaud wrote in his memoirs of 
Bradley that the time when the first 
readings were made "happened to be 
most favorable." Three months earlier 
"the star by the effect of aberration 
would have been moving southward; 
but that is the direction in which [at 
that time] it would then have been car
ried by parallax." Rigaud expressed con
fidence that Bradley "would have disen
tangled the clew, but it was fortunate 
that this trouble was spared him, and 
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NORTH CELESTIAL POLE 

CELESTIAL SPHERE, shown in white, is the imaginary sphere that has as its equator an 

infinite extension of the earth's equator. The ecliptic is the plane of the sun's apparent 

movement around the earth. Equinoctial points to which Bradley referred are at inter· 

sections of ecliptic with celestial equator; solstices are 90 degrees away on the ecliptic. 

that the first step to his great discovery 
presented itself clearly and decidedly to 
his view." 

Bradley's first reaction to the unex
pected observations was to doubt the 
accuracy of the instrument. But as the 
weeks passed and the index remained 
staunchly fixed in relation to the plumb 
line, his respect for the telescope and 
the chimneys to which it was attached 
gradually overcame these doubts. He 
became convinced that there was a real 
effect, whatever it might be. 

After parallax the next possibility that 
Bradley considered was a nutation, or 
wobble, of the earth's axis. Beginning a 
month after the first observations, Moly
neux, Bradley or Graham observed 
whenever possible a star in Auriga that 
crossed the field about 12 hours after 
Gamma Draconis. While Gamma Dra
conis moved southward, "anti-Draco," 
as they dubbed the other star, moved 
northward-but only five seconds of arc 
during the time that Gamma Draconis 
moved 9.1 seconds. Because of this dif
ference of 4.1 seconds when nutation 
presumably would have produced little 
or no difference, Bradley looked for 
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another explanation of the phenomena 
they were observing. He did not aban
don the idea that nutation might be a 
partial cause, however, and some 20 
years later he was able to make a con
vincing demonstration that this much 
smaller effect did indeed exist. 

At about the same time that they 
investigated the possibility of nuta
tion Molyneux and Bradley considered 
whether or not the bending of light 
rays from the star on entering the 
earth's abnosphere might produce the 
deviations they were observing. If the 
atmosphere were deformed into a sphe
roid by some resisting medium through 
which the earth was steadily passing, 
then the rays would not strike the sur
face of the atmosphere at right angles 
and would undergo a small refraction 
toward the perpendicular. The refrac
tion hypothesis coincided fairly well 
with the readings Molyneux and Brad
ley were obtaining from their tele
scope, but it required detailed assump
tions about the shape of the earth's 
atmosphere that were unsupported by 
other observations. The two men seem 
to have abandoned the hypothesis when 

they were able to make further meas
urements on "anti-Draco" and discov
ered that the magnitude of the devia
tions depended on the angle that a star 
made with the plane of the earth's orbit. 

With this discovery, made about a 
year after observations began, 

Bradley realized that he needed obser
vations on more stars than entered the 
field of the Kew instrument. As he re
ported to the Royal Society: 

"Not being able to frame any hypoth
esis at that time sufficient to solve all 
the phaenomena, and being very desir
ous to search a little farther into this 
matter; I began to think of erecting an 
instrument for myself at Wansted 
[Wanstead, near London], that, having 
it always at hand, I might with the 
more ease and certainty inquire into the 
laws of this new motion. The considera
tion likewise of being able by another 
instrument to confim1 the truth of the 
observations hitherto made with Mr. 
Molyneux's was no small inducement to 
me; but the chief of all was, the oppor
tunity I should thereby have of trying 
in what manner other stars were af
fected by the same cause, whatever it 
was. For Mr. Molyneux's instrument, 
being originally designed for observing 
y Draconis, (in order, as I said before, 
to try whether it had any sensible par
allax,) was so contrived as to be capable 
of but little alteration in its direction, 
not above seven or eight minutes of a 
degree: and there being few stars with
in half that distance from the zenith of 
Kew bright enough to be well observed, 
he could not, with his instrument, 
throughly examine how this cause af
fected stars differently situated with re
spect to the equinoctial and solstitial 
points of the ecliptic" [see illustration 
on this page]. 

The instrument that Bradley had 
Graham construct for him, and which 
he mounted in his aunt's house at Wan
stead, was only half the length of Moly
neux's-12.5 feet instead of 24.25 feet
but it could be adjusted to a quarter of 
a second, about twice the precision of 
the Kew instrument. The general de
sign closely resembled that of the Moly
neux instrument, with the smallest 
division of the micrometer screw corre
sponding to a little less than .5 second. 
The new instrument could be extended 
to observe 6.25 degrees on each side of 
the zenith, giving it 100 times the range 
of the old. Bradley could now observe 
200 stars, 12 of which were bright 
enough to be seen at all seasons of the 
year, even when nearest the sun. 

He began his observations on August 
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19, 1727, and within a few months had 
collected enough data to realize the in
supportability of an earlier hypothesis he 
had advanced that the changing declina
tion of the stars was determined by the 
position of the earth with respect to the 
solstice. Rather, he wrote: "I discovered 
what I then apprehended to be a general 
law, observed by all the stars, viz. that 
each of them became stationary, or was 
farthest north or south, when they passed 
over my zenith at six of the clock, either 
in the morning or evening. I perceived 
likewise, that whatever situation the 
stars were in with respect to the cardinal 
points of the ecliptic, the apparent mo
tion of every one tended the same way, 
when they passed my instrument about 
the same hour of the day or night; for 
they all moved southward, while they 
passed in the day, and northward in the 
night; so that each was farthest north 
when it came about six of the clock in 
the evening, and farthest south when it 
came about six in the morning." 

Not all the stars showed the same 
range of variatiun in declination, and 
Bradley sought to find what rule was 
operating to determine the range. By 

Septem ber, 1727, he thought it was 
proportional to the sine of the angle 
between a line drawn from the star to 
the earth and a line in the plane of the 
earth's orbit; in other words, to the sine 
of the latitude of the star. But because 
his observations did not "perfectly cor
respond with such an hypothesis, " Brad
ley resolved to abandon speculation 
until he had followed the motion of the 
stars for a full year. 

Just when Bradley arrived at the cor
rect explanation of all the phenom

ena he had been observing is not 
known, but Rigaud sets the time early 
in the fall of 1728 and locates the place 
of the inspiration as a sailboat in the 
Thames. Thomas Thomson in his His
tory of the Royal Society, published in 
1812, gives this account: 

"At last, when he despaired of being 
able to account for the phenomena 
which he had observed, a satisfactory 
explanation of it occurred to him all at 
once, when he was not in search of it. 
He accompanied a pleasure party in a 
sail upon the river Thames. The boat in 
which they were was provided with a 

GAMMA DRACONIS 

APPARENT 

SEPTEMBER 
(SUNSET ) 

POLARIS 

mast, which had a vane at the top of it. 
It blew a moderate wind, and the party 
sailed up and down the river for a con
siderable time. Dr. Bradley remarked, 
that every time the boat put about, the 
vane at the top of the boat's mast 
shifted a little, as if there had been a 
slight change in the direction of the 
wind. He observed this three or four 
times without speaking; at last he men
tioned it to the sailors, and expressed 
his surprise that the wind should shift 
so regularly every time they put about. 
The sailors told him that the wind had 
not shifted, but that the apparent 
change was owing to the change in the 
direction of the boat, and assured him 
that the same thing invariably hap
pened in all cases. This accidental ob
servation led him to conclude, that the 
phenomenon which had puzzled him so 
much was owing to the combined mo
tion of light and of the earth." 

Rigaud, relating the story, explained 
that when Bradley's boat was at rest, 
the vane would point directly opposite 
to the wind. As the boat moved, how
ever, its velocity would combine with 
the velocity of the wind and make the 

P 

EFFECT OF ABERRATION varies during the year. Gamma 

Draconis appears to move toward the south from September to 

March, when it is seen by day. During the rest of the year, when 

it is seen by night, it appears to move northward. It reaches its 

most southerly position in March, most northerly in September. 

Its greatest apparent daily movement occurs in December and 

June, when earth's orbital velocity is at right angles to north·south 

plane. Parenthetical words indicate time of day star is visible. 
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RANGE OF ABERRATION depends on the latitude of the star. If the star is overhead 

(a), the velocity of the earth is at right angles to the line of sight to the star and the aberra· 

tion is at a maximum. At a lower latitude (b) the effect of the earth's orbital velocity is 

diminished: aberration will be equivalent to the earth's velocity multiplied by the sine 

of the angle O. A star in the direction of the earth's motion (e) will show no aberration. 
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vane "incline from its former direction 
towards the stern of the boat." In like 
manner, Rigaud wrote, the earth in its 
orbit "successively meeting the rays of 
light from any one of the heavenly 
bodies, modifies the direction in which 
they enter the eye, and the star ... must 
appear to be at some distance from its 
true place." He remarked that "this 
deviation will always be on the side to 
which the earth's relative motion shall 
be at the particular moment directed, 
and the quantity of it will depend on 
the ratio which the velocity of that 
motion shall bear to the velocity of 
light." 

Although Bradley said nothing about 
a sailboat incident in his letter to Hal
ley, which was read to the Royal So
ciety on January 9 and 16, 1729, his 
failure to mention it does not neces
sarily prove the story false. His recital 
of his conclusions about aberration was 
brief: 

"At last I conjectured that all the 
phaenomena hitherto mentioned pro
ceeded from the progressive motion of 
the light and the earth's annual motion 
in its orbit. For I perceived that, if light 
was propagated in time, the apparent 
place of a fixed object would not be 
the same when the eye is at rest, as 
when it is moving in any other direction 
than that of the line passing through 
the eye and object; and that when the 
eye is moving in different directions, the 
apparent place of the object would be 
different." 

This hypothesis perfectly accounted 
for the movements Bradley had noted. 
The star Gamma Draconis appears far
thest south in March, when observed at 
sunrise, because at that time of year the 
earth's motion about the sun gives the 
telescope its maximum velocity in a 
souther! y direction [see illustration on 
preceding page J. The star appears far
thest north in September, when observed 
at twilight, because at that time of year 
the earth's orbital motion gives the tele
scope its maximum velocity in a north
erly direction. When the star "passes 
by day, " from September to March, it 
moves southward; when it "passes by 
night, " between March and September, 
it moves northward. 

The hypothesis of aberration also ac
counts for the dependence of the range 
of a star's apparent motion on the lati
tude of the star. The maximum range 
will occur for a star that lies on a line 
perpendicular to the plane of the earth's 
orbit; for such a star the orbital velocity 
of the earth is always directed at right 
angles to the line of sight. For stars at 
lower latitudes the velocity component 
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perpendicular to the line of sight is re
duced in proportion to the sine of the 
angle of latitude [see illustration on 
opposite page J. For a star in the direc
tion of the earth's motion no change in 
north-south declination would be ex
pected. 

Bradley, using the observations on 
the eight stars most satisfactorily ob
served with the Wanstead instrument, 
computed an average value of 20.25 
seconds of arc for the angle of aberra
tion that occurs when the earth is mov
ing at right angles to the line drawn 
from the star to the earth. The accepted 
value for this aberration constant today 
is 20.47 seconds of arc; Bradley's value 
differs from the presently accepted value 
by less than the .5 second uncertainty he 
assigned to his measurements. 

In another calculation Bradley com
puted the tangent of the angle of aber
ration-that is to say, the ratio of the 
earth's velocity past the star to the 
velocity of light-to be 1/10,210. From 
this figure and the value of the earth
sun distance he computed that it takes 
light 16 minutes 26 seconds to travel 
the diameter of the earth's orbit about 
the sun. Since this figure was between 
the 22 minutes computed earlier by the 
Danish astronomer Ole Roemer and the 
14 minutes 10 seconds computed by 
Jean Dominique Cassini, both of whom 
calculated from observations of the 
eclipses of Jupiter's moons, Bradley's 
results for the velocity of light were 
consistent with earlier measurements. 
He concluded, quite correctly, that his 
observations gave the most precise 
value for the velocity of light obtained 
up to that time. 

vVith respect to the original quest, 
Bradley decided that the parallax could 
not have been greater than two seconds 
of arc for any of the eight stars he 
followed most closely and must have 
been less than one second for Gamma 
Draconis. Bradley's results showed that 
the figures on which Hooke had based 
his claim for the discovery of stellar 
parallax were in error by as much as 
30 seconds of arc. 

It is difficult now to appreciate fully 
the degree of brilliance and patience 

required for Bradley to work out his 
theory of aberration. Rigaud wrote that 
arriving at the correct solution "must 
have cost much thought and trouble, " 
and the English astrophysicist Sir Arthur 
Eddington remarked that "it was only 
by extraordinary perseverance and per
spicuity that Bradley was able to ex
plain" the phenomenon. 

Bradley's discovery was a significant 
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step in the development of physical 
ideas in three ways. First, the addi
tional quantitative evidence he obtained 
for the progressive motion of the earth 
about the sun was a blow to the dying 
cause of geocentrism. Bradley conclud
ed his report to the Royal Society with 
a dig at those who still doubted the 
Copernican doctrine. "There appearing 
therefore after all no sensible parallax 
in the fixed stars, " he wrote, "the Anti
Copernicans have still room on that ac
count to object against the motion of 
the earth; and they may have (if they 
please) a much greater objection against 
the hypothesis by which I have en
deavoured to solve the forementioned 
phaenomena, by denying the progres
sive motion of light, as well as that of 
the earth." 

Second, Bradley's work set a new 
standard for precision in astronomical 
observation, thereby producing a great 
stimulus for further accurate measure
ments of the stars. Stellar aberration is 
still used to ascertain the orbital veloc
ity of the earth; knowing the angle of 
aberration and the velocity of light, one 
can readily compute the third factor, 
the velocity of the earth. 

F inally, the phenomenon Bradley dis-
covered pointed the way to interpre

tations of the way light is propagated 
and eventually to the theory of relativity. 
Early in the 19th century the French 
physicist Augustin Jean Fresnel showed 
that a theory viewing light as undula
tions in an all-pervading luminiferous 
ether was consistent with the observed 
aberration proVided that the earth and 
the telescope move through the sur
rounding ether with the earth's full 
velocity around the sun. Thus Bradley's 
work was interpreted as proving that if 
there is an ether, the earth is moving 
through it. Then A. A. Michelson and 
E. W. Morley found in their famous 
interferometer experiment of 1887 that 
there was no detectable effect of an 
ether on the speed of light, thereby 
demonstrating that if there is an ether, 
it moves with the earth, so that in effect 
the earth is at rest in it. The dilemma 
presented by these two pieces of evi
dence remained unsolved for nearly 20 
years until Albert Einstein recognized 
that the relative character of simultane
ity gave the key to the resolution of the 
dilemma. It is ironical that Bradley's 
work, which at first supported the Co
pernican doctrine of the absolute mo
tion of the earth, later provided a criti
cal piece of evidence for the relativity 
of all motions. 
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DORSAL THALAMUS 

c 
OPTIC NERVE FIBER 

CONE 

RED ROD 

\----b1r- GREEN ROD 

VISUAL PATHWAYS are traced in color in these drawings. In 

the frog (a) an image of the visual world formed on the retina is 

transmitted by optic nerve fihers to the optic tectum and, to a 
lesser extent, to the geniculate nucleus in the dorsal thalamus. 

In man (b) the tectum is unimportant; most of the fibers go, via 

the geniculate nucleus, to the visual cortex. The frog retina (e) 
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contains· about a million receptors (rods and cones), three million 

connecting cells (bipolar, amacrine and horizontal) and 500,000 

ganglion cells leading to optic nerve fibers. In the brain (d) these 

fibers end as small branches that intermingle with the neurons of 

the optic tectum and dorsal thalamus. A microelectrode records 

impulses from these terminal arbors of the optic nerve fibers. 
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VISION IN FROGS 

Certain fibers in the frog's optic nerve respond mainly to blue light. 

This fact supports the idea that the retina IS not a mere photographic 

plate that transmjts a picture to the brain but IS an analyzing device 

T
he analogy between the eye and 
the camera has helped to clarify 
the process by which the lens of 

the eye, its aperture regulated by the 
iris, casts an image on the light-sensi
tive screen of the retina. On this basis 
the optic nerve connects the retina to 
the central nervous system in such a 
way that a map of the retina is formed 
on the surface of the brain. The anal
ogy can be carried too far. Students of 
the visual system came to assume that 
the retina was like a photographic film, 
its individual receptor cells responding 
to light and its absence like the grains 
of silver salt in a photographic emul
sion; that the whole function of the eye 
and the optic nerve was to form and 
then transmit a mosaic of the visual 
world to the brain, there to form the 
basis of visual perception. 

Anatomical investigations have shown, 
however, that there are many more re
ceptor cells in the retina than there 
are fibers in the optic nerve. It is 
thus impossible for every receptor cell 
to send a separate message to the brain, 
and the concept that the array of recep
tor cells is equivalent to the grain of a 
photographic emulsion must be aban
doned. The very intricacy of the retina, 
the cells of which are variously special
ized and richly interconnected, hints at 
a role more complex than the mere re
laying of a visual map. The fact is that 
the retina is more filter than film. It 
discriminates: it sends on to the brain 
only the most useful information. 

What is useful varies from animal to 
animal. Consider, for example, the frog. 
From the frog's point of view the most 
relevant objects are the insects on which 
it feeds. Any small moving object is 
therefore likely to be important and 
calls for a specific set of fast responses; 
no such responses are required by small 

stationary objects such as pebbles. Ac
cording to the earlier theories an im
age of the object-whether moving or 
stationary, important or unimportant
was sent to the brain, where the mean
ingful distinctions were made at some 
later stage. 

439 (VIOLET·BLUE) 

478 (BLUE) 

498 (BLUE·GREEN) 

519 (GREEN) 

540 (GREEN· YELLOW) 

It now appears that the retina itself 
makes the distinctions. Certain nerve 
fibers leaving the retina have been 
found to respond speCifically to small 
moving objects and not to stationary 
objects or even to large moving ones. 
Such "bug-detectors" can be disadvan-

596 (YELLOW) -

645 (ORANGE) 

665 (RED) 

IMPULSES from an "on" fiber are picked up by a microelectrode and recorded on an os

cilloscope. Each spike represents response by fiber to stimulation by light of various wave

lengths (shown in millimicrons). Fibers responded strongly to blue and weakly to green. 
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RESPONSES of three on-fibers to 10 different colored lights are 

compared in the cnrves at left. The "maximum response" was the 

largest number of spikes counted in a 1/2-second period. These 

20 

15 

Vi w 
::.::: 
0:: if) 
LL 
0 
cc w 
OJ 

10 2' 
=> 
:s 
w 
if) 
Z 
0 (L 
if) w 
cc 

5 

o 
o 

BLUE 

• 

( 
� 

• 

/ 

YELLOW 

V--
• 

/" 

20 40 60 80 

ILLUMINATION (PER CENT OF MAXIMUM) 

INTENSITY of the stimulating light was not a major factor. The 

curves at left are for light reflected from colored papers, those at 

112 

.... 

100 

650 700 450 500 550 600 650 

WAVELENGTH (MILLIMICRONS) 

colors, obtained from interference filters, were quite pure. Un

saturated, or impure, colors had about the same effect, however, as 

shown by the responses of two fibers to 14 colored papers (right). 
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right for filtered light. In both instances blue brought a greater 
response than yellow or green even when only a tenth as bright. 
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tageous under unusual conditions: a 
frog will starve to death surrounded 
by dead flies. In the ordinary circum
stances of a frog's life, however, the 
early filtering of significant information 
by the retina makes for efficient utiliza
tion of the limited number of optic 
nerve fibers. 

Each fiber, then, reports not whether 
illumination is present but whether some 
rather complex situation-such as the 
approach of a bug-exists in a given 
part of the visual field. The eye is not 
a physical instrument like a camera but 
a biological instrument adapted to meet 
the animal's needs; to understand the 
function of the frog's eye it is necessary 
to consider the frog's point of view. 
To this end several investigators have 
studied the nature of some of the mes
sages sent by the frog's eye to the frog's 
brain and have undertaken to correlate 
the properties of individual optic nerve 
fibers with the behavior of the whole 
animal. 

The first recordings of the activity 
of single optic nerve fibers in the 

retina of a vertebrate were made by 
H. K. Haltline at Johns Hopkins Uni
versity in 1938. Under the microscope 
he teased a single fiber out of the inner 
surface of the retina of a frog, placed 
an electrode under the fiber and then 
amplified and displayed on an oscillo
scope the nerve impulses that resulted 
when the eye was stimulated by various 
visual events. Hartline found three types 
of fiber in the frog's retina: those re
sponding only to the onset of illumina
tion, which he called "on" fibers, those 
responding only to the end of illumina
tion ("off" fibers), and "on-off" fibers, 
which responded to both events. The 
subsequent perfection of microelec
trodes made it possible to confirm and 
extend Hartline's findings without dis
secting out the individual fibers; this 
was done by H. B. Barlow of the Uni
versity of Cambridge and Ragnar A. 
Granit of the Royal Caroline Medico
Surgical Institute in Sweden. Their 
experiments, like Hartline's, were per
formed on the isolated retina of the 
frog and therefore demonstrated the 
retina's analytical capabilities. 

From the retina most of the optic 
nerve fibers pass to the optic tectum, 
the chief visual center in the frog, where 
they project a map-not a one-to-one 
reproduction of the visual world as it 
appears on the retina but a selective 
map. At the Massachusetts Institute of 
Technology Jerome Y. Lettvin, Hum
berto R. Maturana, Warren S. McCul-

loch and W. H. Pitts were able to de
termine that four specific attributes of 
the visual field elicit responses in four 
specific types of fiber and are empha
sized in the map projected on the optic 
tectum. Each fiber ends in a dense mass 
of small branches that makes contact 
with the cells of the tectum; Lettvin 
and his colleagues, recording nerve im
pulses in these "terminal arbors" with a 
special microelectrode, located each 
type of fiber at a different level. 

Fibers ending in the surface layers 
of the tectum responded to the presence 
of any sharp edge in the visual field 
whether the edge was moving or sta
tionary. Fibers ending slightly deeper 
proved to be the bug-detectors: they 
responded to small, dark moving objects 
but not to large or stationary objects. 
Neither of these groups reacted to a 
change in general illumination: switch
ing a light on or off did not affect them. 
They had probably eluded discovery by 
earlier investigators of isolated retinas 
because they lack the fatty myelin 
sheathing of most nerve fibers and are 
hard to isolate by dissection. 

Probing deeper into the optic tectum, 

40 

30 

f=' z w u 

the investigators found the myelinated 
fibers detected earlier by Hartline. The 
first of these responded to either the 
onset or the end of illumination, and 
they fitted his category of on-off fibers_ 
They responded even more markedly to 
the movement of a linear shape, how
ever, and therefore they are called 
"moving-edge detectors." Deeper still 
Lettvin came on fibers that responded 
to the cessation of illumination: Hart
line's off-fibers. 

The M.LT. workers, to sum up, iden
tified in the tectum four different 

kinds of optic nerve fiber, each carrying 
information about an attribute of the 
visual world that the animal requires 
in its daily life. They did not find a 
tectal projection of Hartline's on-fibers. 
Anatomical studies had shown that not 
all the frog's optic nerve fibers pass 
to the tectum; some go instead to a 
secondary visual center in the dorsal 
thalamus. This thalamic system is of 
particular interest because it is the 
forerunner of the visual system in 
higher animals, including man. In the 
human brain the tectal network is small 
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DIM BLUE LIGHT in an experiment such as the one graphed at bOllom left on the opposite 

page had the characteristics of the bottom curve in this graph. It is compared with a green 

and a yellow light 10 times brighter and has less energy in the blue region (arrow) than 

either. It nevertheless stimulated a greater response. This demonstrates that the sensitivity 

of the thalamic fibers to blue cannot be due to any single visual pigment in the retina. 
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and relatively unimportant; most of the 
fibers carry signals from the retina, 
by way of the lateral geniculate nucleus 
in the dorsal thalamus, to the visual 
area of the cerebral cortex [see "The 
Visual Cortex of the Brain," by David 
H. Hubel; SCIENTIFIC AMERICAN, No
vember, 1963]. 

In Lettvin's laboratory at M.LT. I 
applied his microelectrode methods to 

an exploration of the optic nerve end
ings in the dorsal thalamus of the frog. 
When I displayed various targets in 
the visual field of a frog, the record of 
responses showed that all the optic 
fibers running to the thalamus were 
sensitive to the onset of illumination 
and to no other stimulus; they are the 
on-fibers. Clearly the frog's eye trans
mits messages about objects primarily to 
the tectum and sends information from 
light-detectors primarily to the dorsal 
thalamus. The information does not be
come mixed, since four kinds of optic 
nerve fibers go only to the tectum and 
one kind only to the thalamus. There 
are opportunities for interaction at a 
subsequent stage, however, through a 
rich network of nerve fibers that con-
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nects the optic tectum and the dorsal 
thalamus. 

The light-detectors of the dorsal thal
amus proved to be sensitive not only 
to the presence or absence of light but 
also to the color of the light. Every 
fiber I tested in this area responded 
much more strongly to blue light than 
to light of any other color. Exposure 
to blue light brought a rapid burst 
of nerve impulses that often lasted for 
several seconds, but in response to 
green, yellow or red light there was 
only a brief burst of a few impulses 
[see illustration on page 111]. 

In considering this selective response 
to blue the first question to be set
tled was whether it represented mere 
color-dependence or true color vision. 
Any visual receptor responds only to 
the light it absorbs, and receptors ab
sorb different wavelengths depending 
on the visual pigment they contain. For 
example, the retinal cells called rods, 
which are responsible for vision in 
faint light, contain a pigment (rhodop
sin, or visual purple) that strongly ab
sorbs blue-green light. Consequently 
rod vision is much more sensitive to 
blue-green than to other colors; it is 
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BEHA VIORAL EXPERIMENT showed that frogs preferred a blue light to other colors 

when they were tested iu the apparatus illustrated on the opposite page. Six colors were 

displayed, each paired with one anotber and with darkness. Black curve shows average num· 

her of times frogs jumped toward each color out of a possible maximum of 12. The results 

are similar to those obtained in the earlier experiment on thalamic fibers (colored curve). 

114 

color-dependent. The rods, however, are 
not capable of color vision, because 
they cannot distinguish between a low
intensity blue-green and, say, a high
intensity yellow. Although a blue-green 
barn may appear lighter than a red 
one in the moonlight, it will appear 
gray rather than blue-green. True color 
VISIOn distinguishes among different 
wavelengths regardless of the intensity 
or the purity of the stimulating light. 

vVhat was manifested in the blue
sensitive system of the frog's dorsal 
thalamus: color-dependence ("spectral 
sensitivity") or color vision ("wavelength 
discrimination")? The question had an 
important biological aspect in view of 
the eminently useful nature of the in
formation delivered to the optic tectum 
by the bug-detectors and similar fibers. 
The information about blue light sup
plied to the dorsal thalamus might be 
similarly significant, but not unless it 
was true color vision. That is, to be 
useful it must respond differentially not 
only to the pure colors I obtained from 
interference filters in my first experi
ments but also to the impure colors of 
nature. In addition it must also distin
guish among colors regardless of their 
brightness, making the distinction, for 
example, between a dim blue and a 
bright green. 

A series of experiments demonstrated 
that the on-fibers do indeed re

spond in just this manner, emitting a 
prolonged burst of impulses 011 expo
sure to anything that looks blue to the 
human eye. This was true, first of all, in 
the case of light transmitted by gelatin 
filters that passed a rather broad por
tion of the spectrum in contrast to the 
narrow band passed by the interference 
filters. Next the retina was exposed to 
light reflected from a series of colored 
papers. All of these were highly un
saturated-that is, they reflected light at 
all wavelengths with only a slight peak 
at the dominant wavelength of their 
apparent color-but they nevertheless 
stimulated the differential response to 
blue [see top illustration on page 112]. 
Finally, when I varied the intensity of 
the light reflected from these papers 
or passed by interference filters, there 
was a much stronger response to dim 
blue light than to bright yellow or 
green [see bottom illustration on page 
112]. This was true even when the blue 
paper was illuminated only a tenth as 
brightly as the green, at which point the 
unsaturated green actually contained 
more blue than did the light from the 
blue paper [see illustration on preced
ing page]. This proved that the re-
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COLOR PREFERENCE of frogs was tested by placing tbem in a 

small box, drawn here with the top and back wall removed. The 

animals faced two windows backed by a screen. The part of the 

screen visible through each window was illuminated with a 

different color or left dark; the investigators recorded the num· 

ber of times the frogs jumped toward each color. In the ex· 

periment illustrated here the colors were blue and green and 
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an additive mixture of the two. The frogs preferred blue to dark· 

ness on 96 per cent of the occasions (a) and preferred blue

green and green to darkness as shown (b, c). They preferred 

blue to green (d) and even to the mixture of blue plus green (e). 
Ten frogs were tested several times on each pair of colors, which 

appeared at left or right at random. The wavelengths and relative 
intensities of the blue and green are shown by the two curves (f). 
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From Caterpillar research ... comes 

a new testing device to study the 

twin problems of metal surface 

fatigue and lubrication failure 
Today-as the relentless demand for ever-increasing 

horsepower from smaller and smaller components con

tinues-research in metal fatigue and lubrication failure 

has accelerated tremendously. 

Lubrication 

Early work with lubricants involved ap

plication of the classic Reynolds Hydrody

namic Theory. Later the concept of thin film 

-or elasto-hydrodynamic lubrication sup

port of machine elements-allowed a more 

basic understanding of why lubricants work 

as well as they do. But the question of the 

technique to be used in evaluating the load 

carrying capacity of the many lubricants and 

additives remained an unresolved one. 

Lubrication failure data which can be 

correlated with actual parts has been vir

tually unobtainable because variables which 

affect lubricants could not be measured in 

a working gear mechanism. 

Surface Durability and Wear 

And in the past the only means of obtain

ing reliable data on surface fatigue, as well 

as lubricant capacity, has been Destruction 

Testing of full-scale components-a time· 

consuming, costly, frequently inconclusive 

procedure. 

The theories for failures of material are 

equally as numerous and complex as those 

for the failure of the lubricants. The lack 

of knowledge about the many load, speed, 

and temperature variables has led to serious 

misunderstandings and misapplication of 

principles of design and heat treatment. 

Our research people have long sought a 

better understanding of material and lubri

cant capacity. Their specific objective: an 

accurate means of predicting surface dura

bility and scoring resistance in vital vehicle 

parts and components. 

Controlled Environment Testing 

Drawing heavily on earlier research, 

Caterpillar engineers devised the Geared 

Roller Test Machine. It reproduces-in a con-

trolled environment-any load or sliding 

velocity generated in the transient condi

tions of actual machine operation. 

Since the device can duplicate the entire 

known and anticipated range of gear loads 

and speeds, we can use it to predict how 

new gear, cam and bearing designs will func

tion before such a system is manufactured. 

And, too, we can now predict what type 

of lubricant will function effectively in a 

given gear machine and the conditions un

der which the lubrication will fail. The ma

chine is also being used to evaluate new 

oils-and contributing to the development 

of lubricant refinements and additives. 

Saved: Precious Time and Money 

In addition to providing needed data and 

understanding on metal and lubricant be

havior, the test machine has already played 

an important role in reducing hardware de

velopment time at Caterpillar 

To speed the gathering of test data, 

Caterpillar is now offering Geared Roller 

Test Machines to other manufacturing firms, 

research organizations, universities, and 

government agencies. The device is already 

being used by an electronic computer manu

facturer, an aircraft producer, oil compa

nies, and bearing manufacturers, as well as 

gear manufacturers, in the evaluation and 

development of their own products-to the 

final benefit of industry. 

Caterpillar's accumulated experience in 

basic metallurgical and lubrication research 

is also available to help purchasers of the 

machine set up their programs and evaluate 

their test data. 

For further information, contact Defense 

Products Department, Caterpi liar Tractor 

Co., Peoria, Illinois. 

Cross-sections reveal three distinct 
modes of failure in surface fatigue. 
Top photo shows a case crushed gear 
tooth. Second, a case crushed roller. 
Third, sub-surface pitting and fourth, 
a surface pitting crack. 

CATERPILLAR 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

Caterpillar Tractor Co., General Offices, Peoria, III. • Caterpillar Americas Co., Peoria, III. 
Caterpillar Overseas S.A., Geneva· Caterpillar of Australia pty. Ltd., Melbourne· Caterpillar 

Brasil S.A., Sao Paulo • Caterpillar Tractor Co. Ltd., Glasgow • Caterpillar of Canada Ltd., 

Toronto · Caterpillar France S.A., Grenoble · Caterpillar (Africa) (Pty.) Ltd., Johannesburg 
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sponse to blue was genuine hue discrim
ination and that the on-fibers of the 
thalamus were indeed capable of true 
color vision. 

Does the frog use this information? 
Zoologists have known for many years 
that frogs tend to jump toward the 
light and that this "phototactic" be
havior is stimulated particularly by blue 
light. In my laboratory at the University 
of Oxford we undertook to confirm this 
blue-seeking behavior and to find out 
if it was caused by the retinal signals 
carried by on-fibers to the dorsal thal
amus. To test frogs for color preference 
we built a simple black box with two 
windows through which the animal 
could jump. A screen behind the win
dows was illuminated in turn with dif
ferent pairs of colors. A frog placed in 
the box invariably jumped (sometimes 
a gentle poke was required) through 
one of the windows; we recorded the 
number of times each frog chose a 
certain color or a dark window. The 
experiment confirmed the frog's reputed 
preference for blue, and the curve for 
the behavioral response was very simi
lar to the one for the electrophysiologi
cal response of the thalamic fibers [see 
illustration on page 114]. 

Subsequent experiments demonstrated 
clearly that the animals' behavior 

involved genuine color vision. For one 
thing, the degree of preference for blue 
was largely unaffected by variations in 
the intensity of the stimulating lights. 
In another parallel to the earlier tests 
of individual fibers, the frogs preferred 
a blue light to other colors even when 
it contained only about a tenth as much 
energy. The most striking demonstra
tion involved various paired combi
nations of a blue and a green light 
[see illustration on page 115]. The 
green was almost three times brighter 
than the blue, but when the two were 
opposed the green was chosen on only 
13.5 per cent of the occasions. Fur
thermore, adding the green to the blue 
reduced the attractiveness of the blue. 
When the blue and the blue-green were 
opposed, the frogs chose the pure blue 
71 per cent of the time in spite of the 
fact that the additive mixture of blue 
and green contained nearly four times 
more energy and just as much blue. 
Like the colored-paper experiment, this 
ruled out the possibility that mere sen
sitivity is involved, because no visual 
pigment can exist that will absorb more 
of a pure blue light than it will of the 
same blue light plus green. 

The frog shows a simple type of 
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AMPHIBIANS have three visual pigments, each with its own absorption pattern. The peak 

sensitivity of the green rods is at 440 millimicrons, that of the red rods at 502. The cone 

pigment has not yet been extracted but is helieved to have its peak sensitivity at about 560. 
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COLOR PREFERENCES of three amphibians are compared on the basis of jumping or 

swimming behavior. Scores for each color and darkness were converted to percentages. Frog 

and newt have green rods; they seek light and are most sensitive to blue. Salamander lacks 

green rods; it seeks darkness and is most sensitive to green light rather than to blue. 
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color vision: it is capable of distinguish
ing blue from other colors. The paral
lelism between the blue-seeking be
havior and the response of the fibers 
running to the dorsal thalamus is strong 
evidence that it is these thalamic fibers 
that underlie the behavior. Such a sim
ple example of color vision merits close 
attention, because it should be possible 
to learn in detail how the retina per
forms the color analysis in the frog and 
perhaps to derive general principles 
that apply to other animals as well. 
We have made a small start in this 
direction by comparing the frog's color 
sensitivity with that of some other 
amphibians. 

The spectral sensitivities of the vis
ual pigments in the frog's receptor cells 
must account for at least the first stage 
of its color vision system. There are 
three pigments, each with a character
istic absorption curve [see top illustra
tion on preceding pagel. The pigment 
contained by the green rods is most sen
sitive at a wavelength of about 440 mil
limicrons and is therefore presumably 
implicated in the blue color vision. If it 
is, we reasoned, the blue-seeking be
havior should not occur in certain am
phibians that lack green rods. We tested 
two closely related amphibians: the Eu
ropean newt (Tritltl'llS cristatus), which 
has green rods, and the fire salamander 
(Salamandra salamalldra), which does 
not. The testing apparatus differed from 
the frogs' jumping box in several re
spects, in particular in that it was filled 
with water and the animals swam to
ward the target screens. 

When they were tested with the 
same colored lights that had been used 
with the frogs, the newts showed much 
the same behavior: they chose blue 
more often than other colors [see bot
tom illustration on preceding pagel. 
(The newt's response curve, however, is 
shifted bodily toward the red end of the 
spectrum, probably because of a differ
ence in the spectral sensitivity of the re
ceptors; it is known that the rods of the 
newt have their maximum sensitivity at 
longer wavelengths than the peak sensi
tivity of the frog's rods, and it is likely 
that the same displacement toward the 
red occurs for the other receptors as 
well.) The salamander behaves quite dif
ferently, shunning light instead of seek
ing it. Our salamanders swam away from 
colors and toward a dark screen when
ever they could. And the color to which 
they were apparently most sensitive
the one they most avoided-was green, 
not blue. 

These results supported the finding 

name· is Patricia Bright Eagle, a 
child with a proud tradition. Patricia's home is 
made of mud and sticks; her food consists mainly 
of fried bread and corn. 

Like other six-year-old children, Patricia 
started school this year. It was a frightening 
experience for her. Unable to speak but a few 
words of English, Patricia suddenly found her
self in a world where she became self-con
scious and ashamed of her clothes, of her name, 
of her appearance ... of herself. She stays apart, 
bewildered and lonely. 

Patricia will soon learn to speak English, but 
there are some things school cannot give her, 
thlngs that the other children have. She needs 
new shoes, decent clothes, money for school 
activities and school supplies-and for an oc
casional luxury such as a bracelet or a small 
toy. She needs the help of someone who cares ... 
someone to give her the confidence and assur
ance she needs so desperately to participate in 
voluntary school and community services. 

If not you •.. who? 
You-or your club or office group-can give 

these things to Patricia or another needy Indian 
child through SAVE THE CHILDREN FEDERATION. 
Your contribution of just $10.00 a month, 
$120.00 a year, will provide a child with funds 
to buy suitable clothing, books and a cast! al
lowance for school activities. 

You will receive a photograph, a case history, 
and progress reports on the child you sponsor. 
You may also correspond with the child, so that 
your generous material aid becomes part of a 
larger gift of understanding and friendship. 

;�; th; 
h

�hildren ) 
-----------------� 

Serving Children for 31 Years 
SAVE THE CHILDREN FEDERATION 

Norwalk, Connecticut 
I wish to contribute $120.00 annually to help an 
American Indian Girl D Boy D 
Enclosed is my first payment: 
$10.00 a month D $60.00 semi·annually 0 
$30.00 a quarter D $120.00 annually D 
I cannot sponsor a child; enclosed is a contribu-
tion of $ ____ _ 

Name ______ � _____ __ 

Address ________________ � 

City Zone __ State ____ _ 
Contributions are tax deductible. SA-3·4 

© 1964 SCIENTIFIC AMERICAN, INC



that the green rod is a basic factor in 
blue color vision. It cannot, however, 
be the only receptor involved. Since no 
single visual pigment can be more sen
sitive to pure blue than to the same 
blue plus green, no one kind of receptor 
can underlie the blue-seeking behavior. 
There must be some inhibitory element 
at work to account for the fact that 
adding green light to blue renders the 
blue less effective. We are investigating 
the nature of this inhibitory receptor 
and have some preliminary evidence 
that it may be the red rod . 

.N was suggested earlier, an efficient 
color vision system should offer 

some biological advantage to the ani
mal. Why should a frog need to distin
guish blue? I think it is quite possible 
that the function of the blue-sensitive 
system is to direct the jump of a fright
ened frog in such a way that it will leap 
into the water to avoid its predators. 
Frogs normally live at the edges of 
ponds, in the grass or under trees. The 
predominant color around the frog will 
therefore be green. In the direction of 
the water, however, there is likely to 
be less vegetation, and there may also 
be more blue light from the open sky. 
Since blue light is effective in guiding 
the direction of the jump and green 
light is very ineffective-even less effec
tive than yellow or red-when the frog 
is frightened it will tend to jump away 
from the vegetation toward the open 
space and thus into the water. On this 
view the important point is that green 
is particularly ineffective in stimulating 
the blue-sensitive system, so that light 
from any other source will be more 
effective than the green light from the 
vegetation. Although ponds are not 
necessarily blue and the sky may be 
overcast, still the light from the open 
sky over the pond will contain more 
blue and less green than the light re
flected from the vegetation. 

A number of studies in the past few 
years have demonstrated that the frog's 
retina responds selectively to various 
attributes of the visual world, filters out 
information significant to the animal 
and sends it along to different areas of 
the brain. What happens to the mes
sages when they reach the brain, how
ever, is still largely unknown. Even at 
the retinal level there is much to be 
learned about how the different cells 
are interconnected to perform their 
complex tasks of reception and analysis. 
What the retina of the frog does is 
fairly clear; how it does its work re
mains to be investigated. 

Photographic Interpretation by William Thonson 

T i 

By taming the awesome energy 

of the hydrogen bomb in a 

,reactor operating at stellar heat, 

man may produce from sea water 

enough power to light the world. 

At Los Alamos, scientists 

working on Project Sherwood 

are experimenting with several 

approaches to the problem 

of producing a controlled 

thermonuclear reaction. 

Qualified applicants interested in 
Sherwood and other vital programs 
at Los Alamos are invited 
to send resumes to; 
Director of Personnel, 
Division 64-10 

;alamos 
�F�!�U��g�T9 J��£:N�tory 
LOS ALAMOS, NEW MEXICO 

All qualified applicants will receive consideration for employment without 
regard to race, creed. color or national origin. U.S. citizenship required. 
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� r::!�o�a�s 
MATHEMATICAL GAMES 

The remarkable lore complete line* 
of CRYOGENIC 

equipment! 

Super-I nsulated 
HELIUM DEWAR-Model HLOR 
Stainless steel, I-liter vessel for temper
atures as low as 1.2°K! Liquid nitrogen 
insulates helium reservoir. Vacuum 
walls treated for lowest emissivity. Easy 
access to sample holder. Ideal for 
optical research on masers, fluores
cence, photoconductivity, cooling of 
infrared and ultra-violet detectors. 1 
to 5 windows. 

Write for Bulletin #2003 

"No-Loss" 
TRANSFER HOSES 
Flexible, sturdy, made of high-strength 
bronze. Transfers liquid oxygen, nitro
gen, hydrogen, helium, quickly and 
easily. Fitted with Hofman quick-action 
bronze couplings. 1 to 4-inch diameters. 
other sizes on special order. 

Write for Bulleti n #3019 

'Hofman's complete line includes 
liquefied gas transport and pumper 
trucks, high-pressure oxygen/nitrogen 
vaporizers, high-vacuum pumping 
stations, and many other types of 
specialized cryogenic equipment. 

THE COMPLETE LINE OF CRYOGENIC EQUIPMENT 

. 225 PARKHURST ST., NEWARK, N. J. 
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West Coast Facility: Paul Chemical Co., 
6750 Caballero Blvd., Buena Park, Cal. 

of the prime nUlnbers 

by Martin Gardner 

N
o branch of number theory is 
more saturated with mystery and 
elegance than the study of prime 

numbers: those exasperating, unruly in
tegers that refuse to be divided evenly 
by any integers except themselves and 
1. Some problems concerning primes are 
so simple that a child can understand 
them and yet so deep and far from 
solved that many mathematicians now 
suspect they have no solution. Perhaps 
they are "undecidable." Perhaps number 
theory, like quantum mechanics, has its 
own uncertainty principle that makes it 
necessary, in certain areas, to abandon 
exactness for probabilistic formulations. 

The central difficulty is that the 
primes are scattered along the series of 
integers in a pattern that clearly is not 
random and yet defies all attempts at 
precise description. What is the 100th 
prime? The only way a mathematician 
can answer is by obtaining a list of 
primes and counting to the 100th. How 
is such a list obtained initially? The sim
plest method is to go through the inte
gers and cross out all the composite (not 
prime) numbers. Of course a computer 
can do this with great speed, but it still 
must use essentially the same simple
minded procedure that Eratosthenes, 
the Alexandrian geographer-astronomer 
and friend of Archimedes, devised 2,000 
years ago. 

There is no better way to become 
familiar with the primes than by using 
Eratosthenes' Sieve (as his procedure is 
called) for sifting out all primes under 
100. Kenneth P. Swallow of Monterey, 
Calif., has proposed an efficient way to 
do this. Write the numbers from 1 to 
100 in the rectangular alTay shown at 
the right. Cross out all multiples of 2, ex
cept 2 itself, by drawing vertical lines 
down the second, fourth and sixth col
umns. Eliminate the remaining multiples 
of 3 by drawing a line down the third 
column. The next integer not crossed 

out is 5. Multiples of 5 are removed by 
a series of diagonal lines running down 
and to the left. Remaining multiples of 
7 are eliminated by lines sloping the 
other way. The integers 8, 9 and 10 are 
composite: their multiples have already 
been crossed out. Our job is now finished 
because the next prime, 11, is larger than 
the square root of 100, the highest num
ber in the table. Had the table been 
longer, larger multiples of 11 would have 
been removed by diagonal lines of 
steeper slope. 

All but 26 numbers (shown in color) 
have fallen through the sieve. These are 
the first 26 primes. Mathematicians pre
fer to say 25 primes, because various 
important theorems are simpler to ex
press if 1 is not called a prime. For ex
ample, the "fundamental theorem of 

The Sieve of Eratosthenes 
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pos;ition Gnd 
processing. Space Com Techniques: 
data compaction, language cprocessing. Ballistic Missiie 
trac;:king, decoy discrimination, weapon control. Phased Array 
of search ,!"nd tracking. Real-Ti,.,e q,omputational Controlt 
manned spaceflight. Terrain Rcadar. 

IBM space projects: These are a few of the space projects on which IBM scientists and engineers are 
engaged. If you have five or more years' experience in space technology, or in programming military 
and other large-scale systems, your experience and understanding may contribute to the leadership of 
these and other space projects. Write or wire: Manager of Employment, IBM Corp., Dept. IBM 659Q,590 Madison Avenue, New York 22, N. Y. IBM is an Equal Opportunity Employer. 
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arithmetic" states that every integer 
greater than 1 can be factored into a 
unique set of prime numbers. Thus 100 
is the product of four primes: 2 X 2 X 
5 X 5. No other set of positive primes 
has a product of 100. If 1 were called a 
prime, we could not say this. There 
would be an infinite number of different 
sets of prime factors, such as 2 X 2 X 5 

x5xlxl. 
Much can be learned about the primes 

by studying the illustration on page 120. 
You see at once that all primes greater 
than 3 are either one less or one more 
than a multiple of 6. Also, it is clear why 
there are so many "twin primes": pairs 
of primes that have a difference of 2, 
such as 71 and 73, 209,267 and 209,-
269, or 1,000,000,009,649 and 1,000,-
000,009,651. After eliminating multiples 
of 2 and 3, all remaining numbers are 
twin-paired. Subsequent sievings simply 
remove one or both partners of a pair, 
but they leave many untouched. Twin 
primes get scarcer as the numbers get 
bigger. It is conjectured that an infinity 
of them continue to sift through the 
sieve, but no one knows for certain. 

If the integers are differently placed, 
the primes will of course form a different 
geometrical pattern. Last fall Stanislaw 
M. Ulam of the Los Alamos Scientific 
Laboratory, attended a scientific meet
ing at which he found himself listening 
to what he describes as a "long and very 
boring paper." To pass the time he doo
dled a grid of horizontal and vertical 
lines on a sheet of paper. His first im
pulse was to compose some chess prob-

lems, then he changed his mind and be
gan to number the intersections, starting 
near the center with 1 and moving out in 
a counterclockwise spiral. With no spe
cial end in view, he began circling all the 
prime numbers. To his surprise the 
primes seemed to have an uncanny tend
ency to crowd into straight lines. The 
illustration on the cover of this issue 
shows how the primes appeared on the 
spiral grid from 1 to 100. (For clarity the 
numbers are shown inside cells instead 
of on intersections.) 

Near the center of the spiral the lining 
up of primes is to be expected because 
of the great "density" of primes and the 
fact that all primes except 2 are odd. 
Number the squares of a checkerboard 
in spiral fashion and you will discover 
that all odd-numbered squares are the 
same color. If you take 17 checkers (to 
represent the 17 odd primes under 64) 
and place them at random on the 32 odd
numbered squares, you will find that 
they form diagonal lines. But in the 
higher, less dense areas of the number 
series one would not expect many such 
lines to form. How would the grid look, 
Ulam wondered, if it was extended to 
thousands of primes? 

The computer division at Los Alamos 
has a magnetic tape on which 90 mil
lion prime numbers are recorded. Ulam, 
together with Myron L. Stein and Mark 
B. Wells, programed the MANIAC com
puter to display the primes on a spiral of 
consecutive integers from 1 to about 
65,000. The picture of the grid pre
sented by the computer is shown at the 

right below. Note that even near the pic
ture's outer limits the primes continue to 
fall obediently into line! 

The eye first sees the diagonally com
pact lines, where odd-number cells are 
adjacent, but there is also a marked tend
ency for primes to crowd into vertical 
and horizontal lines on which the odd 
numbers mark every other cell. Straight 
lines in all directions (once they have 
been extended beyond the consecutive 
numbers on a segment of the spiral) bear 
numbers that are the values of quadratic 
expressions beginning with 4x2• For ex
ample, in the illustration on the cover the 
diagonal sequence of primes 5, 19, 41, 
71 is given by the expression 4x2 + lOx 
+ 5 as x takes the values 0 through 3. 
The grid on the cover suggests that 
throughout the entire number series ex
pressions of this form are likely to vary 
markedly from those "poor" in primes 
to those that are "rich," and that on 
the rich lines an unusual amount of 
clumping occurs. 

By starting the spiral with numbers 
higher than 1 other quadratic expres
sions form the lines. Consider a grid 
formed by starting the spiral with 17 
[see illustration at left on page 124]. 
Numbers in the main diagonal running 
northeast by southwest are generated by 
4x2 + 2x + 17. Plugging positive in
tegers into x gives the diagonal's lower 
half; plugging negative integers gives 
the upper half. If we consider the entire 
diagonal, rearranging the numbers in 
order of increasing size, we find-pleas
antly enough-that all the numbers are 

Photographs 0/ a computer grid showing primes as a spiral 0/ integers from 1 to about 10,000 (left) and from 1 to about 65,000 (right) 
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What is the Heart of LFC? 

An Air Pumping 
System by 

Northrop's success with the X·21A marks an aero· 
nautical breakthrough. Laminar Flow Control may 
well become a standard feature of long endurance 
aircraft. The Garrett·AiResearch pumping system on 
the X·21A sucks turbulent boundary layer air from 
the wing's surface, eliminating friction drag and 
substantially increasing range, payload capacity or 
flight endurance. 

This lightweight, reliable and efficient pumping 

Garrett-AiResearch 

system is a result of Garrett's unmatched experience 
in compressors, turbines, combustors and controls. 
Garrett has total capability and flexibility in design, 
development and production of air pumping systems 
to match any engine requirement. 

If you have an air moving problem in the areas of 
LFC, BLC, V/STOL, GEM or other specialized lift· 
fan or pumping systems, write to Garrett·AiResearch, 
Phoenix. 

AIRESEARCH MANUFACTURING DIVISIONS. Los Angeles 9, California- Phoenix, Arizona 

Systems and Components for: 

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 
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the flexible 
component in 

a technology 
of change ... 

• If you're looking for a good illus
tration of the word "flexibility," come 
to us. \Ve have been known, on a few 
hours' notice, to revise manufacturing 
specifications, equipment, and procedure 
in the making of a specialty paper. 

• Th�s is one of the ways our clients 
benefit from our role as an exclusive 
developer of technical and industrial 
specialty papers. Each assignment can 
be individually handled and geared to 
today's rapid technological development. 

• Let us do some thinking along 
with you. You'll find us richly versed in 
the papermaking field, ready to help 
solve "impossible" problems, not just on 
paper, but in paper. 

• There is great excitement in paper 
and its potentials. \Ve invite you to share 
our sense of that excitement, and to 
learn more about the remarkable ways 
paper can work for 
you: send for your 
free copy of our 
"Creative Imagi
nation" booklet. 
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Diagonals generaled by Ihe formula x2 + x + 17 (left) and x2 + x + 41 (right) 

generated by the simpler fOlIDula x2 + 
x + 17. This is one of many "prime
rich" fOlIDulas discovered by Leonhard 
Euler, the 18th-century Swiss mathema
tician. It generates primes for all values 
of x from 0 through 15. This means that 
if we continue the spiral shown in the 
illustration until it fills a 16-by-16 square, 
the entire diagonal will be solid with 
primes. 

Euler's most famous prime generator, 
x2 + x + 41, can be diagramed simi
larly on a spiral grid that starts with 41 
[see illustration at right above]. This 
produces an unbroken sequence of 40 
primes, filling the diagonal of a 40-by-40 
square! It has long been known that of 
the first 2,398 numbers generated by 
this formula, exactly half are prime. After 
testing all such numbers below 10,000,-
000, Ulam, Stein and Wells found the 
proportion of primes to be .475 .. . Math
ematicians would like to discover a for
mula expressing a function of n that 
would give a different prime for every 
integral value of n, but no such formula 
has been found. It may not exist. 

Ulam's spiral grids have added a touch 
of fantasy to speculations about the enig
matic blend of order and haphazardry 
in the distribution of primes. Are there 
grid lines that contain an infinity of 
primes? What is the maximum prime 
density of a line? On infinite grids are 
there density variations between top and 
bottom halves, left and right, the four 
quarters? Ulam's doodlings in the twi
light zone of mathematics are not to be 
taken lightly. It was he who made the 
suggestion that led him and Edward 
Teller to think of the "idea" that made 
possible the first thermonuclear bomb. 

Although primes grow steadily rarer 
as numbers increase, there is no highest 
prime. The infinity of primes was con
cisely and beautifully proved by Euclid. 

One is tempted to think, because of the 
rigidly ordered procedure of the sieve, 
that it would be easy to find a formula 
for the exact number of primes within 
any given interval on the number scale. 
No such formula is known. Early-19th
century mathematicians made an em
pirical guess that the number of primes 
under a certain number n

' is approxi
mately n/natural log of n, and that the 
approximation approaches a limit of ex-

' 

actness as n approaches infinity. This as
tonishing theorem, known as the "prime
number theorem," was rigorously proved 
in 1896. (See David Hawkins' article 
"Mathematical Sieves," SCIENTIFIC 
AMERICAN, December, 1958, for a dis
cussion of this theorem and its applica
tion to other types of numbers, including 
the "lucky numbers" invented by Ulam.) 

It is not easy to find the mammoth 
primes isolated in the vast deserts of 
composite lllU11bers that blanket ever 
larger areas of the number series. There 
are certainly millions of prime numbers 
with, say, exactly 100 digits, yet not one 
such number is known. At the moment 
the largest known prime is 211213 - 1, a 
number of about 3,376 digits. It was 
discovered in 1963 by Donald B. Gillies, 
who used a computer at the University 
of Illinois. Before the advent of modern 
computers, testing a number of only six 
or seven digits could take weeks of 
dreary calculation. Euler once an
nounced that 1,000,009 was prime, but 
he later discovered that it is the prod
uct of two primes: 293 and 3,413. This 
was a considerable feat at the time, con
sidering that Euler was 70 and blind. 
Pierre Fermat was once asked in a letter 
if 100,895,598,169 is prime. He shot 
back that it is the product of primes 898,-
423 and 112,303. Feats such as these 
have led some to think that the old 
masters may have had secret and now-
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This is a -brush 
Angular Position, Contactless 
Transducer with 0.1% Accuracy. 

It keeps this pen honest. 

(modern oscillography will never be the same) 

This super-sensor is one of several Brush innovations that change previous notions about 
today's direct writing recording. It's called the Metrisite and helps produce permanent Mark 200 
chart records ... so accurate, so crisp, so readable, so economical ... you'll never believe it 
unless you see for yourself. The Metrisite continuously senses the pen position. If the input signal 
is not precisely matched, instant self-correction is applied ... and no springs attached! 
Add a unique pen-linkage that converts rotary motion to a straight line that's 0.1 % accurate 
(this is true rectilinear motion) ... a pressurized ink system that forever eliminates spatter or smear 
... and you'll understand why the rule book of oscillography is changing. Many models 
are available for many jobs. Your letterhead request will bring the complete, exciting story. 

---brush INSTRUMENTS 
DIVISION OF ICLEVITE 1 37TH AND PERKINS, CLEVELAND 14, OHIO 
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AND A CENTRAL LOCATION 
WITH FINE FACILITIES FOR 
RESEARCH AND EDUCATION 
If you are considering new plants or 
research facilities, write for outline of 
Tennessee's industrial advantages. 

Illustrated data includes the actual cost 
of land and industrial buildings of all 
types, as low as $5.50 a square foot for 
an air-conditioned plant; local financing 
plans, water and electric power, labor 
supply and skills, research and educa
tional facilities, transportation, taxes, 
plant location services, etc. Specific 
questions gladly answered in detail. 

Replies confidential. Please use letter
head or fill in coupon below. 

TENNESSEE 
DIVISION FOR INDUSTRIAL DEVELOPMENT 
------ Office of the Governor -----, 

H-209 Cordell Hull Bldg. Nashville, Tenn. 
Please send Tennessee Industrial Data. 

NAME ___________ _ 

FIRM ___________ _ 

ADDRESS __________ _ 

CITV " STATE _________ _ 
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Prime magic square with lowest constant 

lost methods of factoring. As late as 1874 
W. Stanley Jevons could ask, in his Prin
ciples of Science: "Can the reader say 
what two numbers multiplied together 
will produce the number 8,616,460,799? 
I think it unlikely that anyone but my
self will ever know; for they are two 
large prime numbers." Jevons, who him
self invented a mechanical logic ma
chine, should have known better than to 
imply a limit on future computer speeds. 
Today a computer can find his two 

primes (96,079 and 89,681) faster than 
he could multiply them together. 

Numbers of the form 2P -1, where p 
is prime, are called Mersenne numbers 
after Marin Mersenne, a 17th-century 
Parisian friar (he belonged to a humble 
order known as the Minims-an appro
priate order for a mathematician), who 
was the first to point out that many num
bers of this type are prime. For some 
200 years the Mersenne number 267 - 1 
was suspected of being prime. Eric 
Temple Bell, in his book Mathematics, 
Queen and Servant of Science, recalls a 
meeting in New York of the American 
Mathematical Society in October, 1903, 
at which Frank Nelson Cole, a Columbia 
University professor, rose to give a pa
per. "Cole-who was always a man of 
very few words-walked to the board 
and, saying nothing, proceeded to chalk 
up the arithmetic for raising 2 to the 
sixty-seventh power. Then he carefully 
subtracted 1. 'Without a word he moved 
over to a clear space on the board and 
multiplied out, by longhand, 

193,707,721 X 761,838,257,287. 

The two calculations agreed .... For the 
first and only time on record, an audi-

823 821 1809 811 !797' 19 1 29 13 31 23 37 
89 1 83 1211 ! 79 : 641631 619j709�17 53 43 739 
97 r��_i: �1- 03i�?! ��?3 557-19 7271607 139 757281 
223 653 499 197 10 

3 
Smallest possible magic square 0/ consecutive odd primes 

© 1964 SCIENTIFIC AMERICAN, INC



ence of the American Mathematical So
ciety vigorously applauded the author of 
a paper delivered before it. Cole took his 
seat without having uttered a word. No
body asked him a question." Years later, 
when Bell asked Cole how long it took 
him to crack the number, he replied, 
"Three years of Sundays." 

The British puzzle expert Henry Er
nest Dudeney, in his first puzzle book 
(The Canterbury Puzzles, 1907), pointed 
out that 11 was the only known prime 
consisting entirely of l's. (Of course, a 
number formed by repeating any other 
digit would be composite.) He was able 
to show that all such "repunit" numbers, 
from 3 through 18 units, are composite. 
Are any larger "repunit" chains prime? 
Oscar Hoppe, a New York City reader of 
Dudeney's book, took up the challenge 
and actually managed to prove, in 1918, 
that the 19-"repunit" number 1,111,-
111,111,111,111,111 is prime. Later it 
was discovered that 23 repeated l's is 
also prime. There the matter rests. No 
one knows if the "repunit" primes are 
infinite, or even if there are more than 
three. It has been shown that no "rep
unit" number is prime unless the number 
of its units is prime. Numbers of 29, 31, 
37, 41 and 43 (as well as 53, 61 and 73) 
units have been found to be composite, 
therefore the lowest unknown possibility 
at the moment is a number consisting 
of 47 l's. 

Can a magic square be constructed 
solely of different primes? Yes; Dudeney 
was the first to do it. The top illustration 
on the opposite page shows such a 
square. It sums in all directions to the 
"repunit" number 111: the lowest possi
ble constant for a prime square. The 
primes are not consecutive, however. 
Can a magic square be made with con
secutive odd primes? (The even prime, 2, 
must be left out because it would make 
the odd or even parity of its rows and 
columns different from the parity of all 
other rows and columns, thereby pre
venting the array from being magic.) In 
1913 J. N. Muncey of Jessup, Iowa, 
proved that the smallest magic square of 
this type is one of order 12. This remark
able curiosity is so little known that I re
produce it in the illustration at the bot
tom of the opposite page. Its cells hold 
the first 144 consecutive odd primes, 
starting with 1. All rows, columns and 
the two main diagonals sum to 4,514. 

Until next month, when answers will 
be given, readers may test their famil,iar
ity with primes by answering the follow
ing elementary questions: 

1. Identify the fq.ur primes among the 
following six numbers. (NOTE: The sec-

This is the New Field Model Questar Telescope. 
It weighs less than 3 pounds and costs only 

$795. Included in the price are this 4-lb. case, 
one eyepiece, and an improved basic camera 
coupling set. There is room for cameras and 
other accessories. 

Twenty-one major changes in this barrel and 
control-box assembly permit a much wider 
photographic field of view, which now covers 
all but t he very corners of the 24x36 mm. film 
frame at fjl 6 without extension tubes. Expo
sures are two f-numbers faster. 

The New Field Model is optically identical in 
quality to all Questars. Since only an average of 
one out of three perfect optical systems sur
passes theory by enough to satisfy us, we can 
continue to state that no amount of money, 
time or human effort can noticeably improve 
Questar's power of resolution. For whereas 
Lord Rayleigh's criteria sets 1.4 seconds of arc 
as Questar's. limit of resolution, a Questar has 
resolved two stars but 0.6 second apart. 

Because our function is to make the world's 
finest small telescopes in limited number, in
stead of many of ordinary quality, this New 
Field Model offers a new experience to the 
photographer. We offer him the world's sharp
est lens, of 89-mm. aperture. We provide him 
with a low-power wide-field finder view, like 
that of a field glass, to let him locate distant 
object' rapidly, With nick of finger he can bring 
to bear a high-power view of 40-80x or 80-160x 
to study the object minutely through this super
fine telescope, Another finger flick and slight 
refocusing brings the object to the clear bright 
center of his cameras' ground glass. 

At this point he is challenged to capture on 
the sensitive emulsion what this superb tele
scope of 56 inches focal length is projecting to 
his film, He has seen it in Questar's eyepiece 
and in his reflex camera's ground glass. All that 
remains is to place the image in exact focus on 
the film and expose correctly with no vibration 
at all. And at long last we have the only camera 
able to do this, the Questar-modified Nikon F. 

For the first time, then, Questar has a true 
photographic model, and a camera without 
mirror slap, shutter vibration, or too-dim focus
ing. Moreover, from now on we can measure 
the actual picture-taking light at the ground
glass, and abandon inexact exposure calculations 
entirely, using the new cadmium sulfide meters. 

With this new control of vibration, sharp 
focus, and correct exposure times, only one 
other factor remains to interfere with high 
resolution telescopic photography. We need 
quiet air for good seeing-which is no problem 
at 7 to 100 feet. But how can we get trembling 
air to stand still while we take sharp pictures at 
great distances? There are several things we can 
do to take advantage of nature's moods, and if 
you write for literature we will tell you more 
about it. 

New Field Model, $795 in case with basic 
couplings as shown, The 80-160X eyepiece, $35. 
Questar-modified Nikon F bodies, from $234.60. 
Complete outfit shown, with camera and tripod, 
$1332, postpaid in U.S. 

QUlES1rA� 
BOX 20 NEW HOPE, PENNSYLVANIA 

127 

© 1964 SCIENTIFIC AMERICAN, INC



from SCOTT ... 

an easy new 
way to a 

professional 
STEREO 
SYSTEM 

Here's the new way to enjoy superb 
professional-quality stereo. The new 
Scott 340B is easy to connect ... easy to 
use ... a marvelous new kind of stereo 
enjoyment. Simply place your 340B in any 
convenient spot ... on a table ... in a 
bookcase ... or even built into special 
furniture. Your 340B lets you fit stereo 
into your decor rather than having to 
build your decor around stereo. 

Connect two speakers to the 340B and 
you're all set to listen to FM stereo or 
regular FM broadcasts. This remarkable 
music center switches automatically be
tween FM stereo and regular FM with no 
effort on your part. A special light flashes 
on to tell you when stereo is on the air. 

Most of the knobs shown above are set 
only once according to a simple photo
guide. The only controls you use regularly 
are the easy-to-read station selector and 
the volume control. However, the other 
controls can do many wonderful things. 
They allow you to plug in "extras" like a 

TV set ... a stereo tape recorder ... a 
record player. They allow you to place 
extension speakers anywhere ... in the 
library ... den ... bedroom ... even on 
the patio. You can record stereo broad
casts off the air ... and monitor them 
while recording . . . the way profes
sionals do. 

The new 340B is on display at your 
dealer's. Bring your family with you for a 
thrilling demonstration of superb stereo 
sound ... from records ... from FM ... 
from tape ... over the Scott Stereo Elec
tronic Music Center. 

Write now for a copy of the 1964 Scott 
Guide to Custom Stereo, and complete de
tails on the new Scott 3408. 

H. H. SCOTT,INC., III Powdermill Rd .• Maynard, Mass. 

EXPORT: Morhan Exporting Corp .• 458 Broaday, N.Y.C. 

CANADA: AUas Radio Corp .• 50 Wingold Ave .. Toronto 

575-02 

128 

ond number is the first five digits in the 
decimal of pi.) 

10,001 
14,159 
76,543 
77,377 
123,456,789 
909,090,909,090,909,090,-

909,090,909,091 

2. Two gear wheels, each marked 
with an arrow, mesh as shown in the 
illustration below. The small wheel turns 
clockwise until the arrows point directly 
toward each other once more. If the 
large wheel has 181 teeth, how many 
times will the small wheel have rotated? 
(Contributed by Burris Smith of Green
ville, Miss.) 

3. Using each of the nine digits once, 
and only once, form a set of three primes 
that have the lowest possible sum. For 
example, the set 941, 827 and 653 sum to 
2,421, but this is far from minimal. 

4. Find the one composite number in 
the following set: 

31 331 3331 33331 333331 3333331 
33333331 333333331 

5. Find a sequence of a million con
secutive integers that contain not a single 
prime. 

ust month's sliding-block puzzles can 
be solved as follows: 

Dad's Puzzle: 59 moves. 5, 4, 1, 2, 
3, 4 (up, right). 1, 6, 7, 8, 9, 5. 4, 1, 
6, 7, 8, 9. 5 (left, up), 9, 8, 5, 4, 1. 

3, 2, 7, 6, 4 (up, left), 6. 7, 4, 5, 6, 7, 5 
(right, up). 3, 2, 5, 4, 3, 2. 4 (down, 
right), 2, 3, 6, 7, 1. 4, 5, 2, 3, 6, 7. 1, 
4 (left, up), 9, 8, 1. 

L'Ane Rouge: 81 moves. 9 (half
way), 4, 5, 8 (down), 6. 10 (halfway), 
8, 6, 5, 7 (up, left). 9, 6, 10 (left, 
down), 5, 9. 7, 4,6,10,8. 5,7 (down, 
left), 6, 4, 1. 2, 3, 9, 7, 6. 3, 2, 1, 4, 
8. 10 (right, up), 5, 3, 6, 8. 2, 9, 7 
(up, left), 8, 6. 3, 10 (right, down), 9 
(down, left), 1. 4, 2, 9, 7 (halfway), 
8. 6, 3, 10, 9 (down), 2. 4, 1, 8, 7, 
6. 3, 2, 7, 8, 1. 4, 7 (left, up), 5, 9, 
10. 2, 8, 7, 5, 10 (up, left). 2. 

Line Up the Quinties: 30 moves. 9, 
8, 1, 2, 3. 6, 8 (up, left), 2, 5 (right, 
down), 3. 6, 8 (up, left), 9, 2, 8. 6, 
3, 1 (right, down), 6. 3. 5 (up, right), 1 
(right, down), 7, 1 (left), 8. 5 (down), 
3, 6 (halfway), 4, 9. 

Ma's Puzzle: 32 moves. 9 (left), 8, 
7, 6, 5. 9 (up), 8, 7, 6, 4. 2, 1, 3 (up), 
9 (up), 5. 4 (left, up), 6 (left, up, left), 
2, 4, 6. 5, 9 (straight down), 6 (left, 
down), 4, 2. 5 (right), 6 (right, down), 
4 (down), 3, 1. 2,5. 

Tiger Puzzle: 49 moves. 8, 5, 6, 2, 
3. 1, 4,2 (left), 3 (left), 1. 4,2,3 (up), 
7, 8 (left, up). 5, 6, 1, 4, 3. 2, 7, 8 
(up), 5, 6. 1, 8 (right, down), 5, 6, 1. 
8 (down), 4, 2 (rotate 90 degrees and 
place vertically under 3), 7, 5. 6 (ro
tate 90 degrees, place horizontally under 
5, fence-side down), 4, 2 (rotate 90 de
grees and place horizontally under 7), 3 
(to right end of 2), 7. 8, 1, 4, 6 (rotate 
90 degrees and slide up between 5 and 
7, fence on right), 4. 8 (left, down), 2 
(down, left), 3 (down, left), 1. 

• 

A problem in primes 
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As the nation's first industrial firm devoted exclusively to 

missile and space technology, TRW Space Technology Lab· 

oratories grew with the national space effort. Since 1957, 
STL has participated in nearly every manned and unmanned 

space probe. 

Today, 2500 engineers and scientists and 4500 support per· 

sonnel combine their talents on many STL projects ranging 

from research and development to design and manufacture 

of NASA'S aGO spacecraft, Air Force nuclear test detection 

spacecraft, Tetrahedral ReseC!rch Satellites, and NASA'S 

Pioneer spacecraft. 

Also underway is the development of the variable·thrust 

rocket descent engine for LEM, the Lunar Excursion Module 

of Project Apollo. At the same time STL continues Systems 

Management for the Air Force's vital Atlas, Titan and Minute· 

man Programs. 

These many space activities create immediate openings for 

engineers and scientists with experience in Theoretical 

Physics, Systems Engineering, Radar Systems, Experimental 

Physics, Applied Mathematics, Space Communications, Space 

Physics, Antennas and Microwaves, Inertial Guidance, Analog 

Computers, Solid State Physics, Computer Design, Telecom· 

munications, Digital Computers, Guidance and Navigation, 

Electromechanical Devices, Engineering Mechanics, Applied 

Aerodynamics and Propulsion Systems. 

TRW 
SPACE 
TECHNOLOGY 
LABORATORIES 
In Perspective 

For information about positions in Southern California or Cape 

Kennedy, write STL Professional Placement, Department )·3, 

One Space Park, Redondo Beach, California. TRW is an equal op

portunity employer. 

TRW SPACE TECHNOLOGY LABORATORIES 
THOMPSON RAMO WOOLDRIDGE INC. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Three and a half years ago in "The 
Amateur Scientist" (October, 1960) 
Frank Watlington described how 

to make an inexpensive hydrophone. 
With such an instrument one can enter 
the recently discovered world of natural 
underwater sound: the hiss of breaking 
waves, the rattle of pebbles carried 
along by a current and the remarkable 
variety of noises made by fishes and 
other aquatic organisms. Now Watling
ton, a specialist in underwater sound 
whose avocation is listening to whales 
and porpoises off Bermuda, has devised 
two new hydrophones that are easier to 
construct and that should make the 
study of underwater sound more ac
cessible to amateurs. To give only one 
example of such a study, a snorkel diver 
with a confederate at the surface can 
maneuver a hydrophone up to a sound
making organism and record its sounds 
for the purpose of identifying their 
source in "broadcast" listening. Per
haps the hydrophone will join the cam
era as a standard adjunct to the ex
plorations of the skin diver who prefers 
not to kill fish. 

One of Watlington's new hydrophones 
is designed to operate at substantial 
depths; the other, which is more sensi
tive, to work in shallow water. Wat
lington writes: "Hydrophones for con
verting variations of sound pressure 
into equivalent variations of electric 
current are of three types: electrody
namic, magnetostrictive and piezoelec
tric. The electrodynamic type operates 
on the principle of a conventional elec
tric generator. A coil of wire, actuated 
by a diaphragm in contact with the 
water, moves in a fixed magnetic field. 
A voltage proportional to the velocity 
of the diaphragm is induced across the 
terminals of the coil. Instruments of 
this type are satisfactory but difficult to 

Two devices for listening in on underwater 
sound, and a sundial that tells clock time 

construct. Hydrophones of the magne
tostrictive type take advantage of the 
fact that the magnetic properties of 
certain materials, such as nickel, are 
altered by mechanical stress. A coil of 
wire surrounding a core of such material 
picks up a proportional voltage when 
sound waves stress the core. Although 
magnetostrictive hydrophones are easier 
to make than the electrodynamic types, 
the coil must be wound by means of a 
bobbin-a tedious operation. Piezoelec
tric hydrophones are based on the prop
erty of certain materials to acquire elec
tric charge when they are stressed, an 
effect that was first described by Pierre 
Curie in 1880. A number of minerals 
show the effect, but barium titanate, 
an inexpensive ceramic, is commonly 
used for making hydrophones. Barium 
titanate can be molded in any shape and 
is fired much like clay. Both tubes and 
disks of the material are used for hydro
phones. When a tube is stressed radially, 
its outer and inner surfaces become op
pOSitely charged. When a disk is fixed 

at its edge and pressure is applied to 
one face, its two faces also become op
pOSitely charged. Electrical connection 
to barium titanate is made through 
silver electrodes that are deposited 
on the material during manufacture. 
Numerous U.S. manufacturers supply 
the parts. Mine were obtained from the 
Clevite Corporation (3631 Perkins Ave
nue, Cleveland 14, Ohio) . 

"The deepwater hydrophone uses a 
tube of barium titanate one inch long 
with an outside diameter of 1/2 inch 
and an inside diameter of 1/4 inch. 
The part comes from the manufacturer 
fully finished, with ground ends and 
silver electrodes on the outer and inner 
surfaces. Flexible copper leads must be 
soldered to the electrodes, an operation 
that requires some care because the 
silver is in the form of a thin deposit 
that can be damaged by excessive heat. 
Make the joint with rosin-core solder 
applied with an electric iron that draws 
no more than 25 watts. Acid flux will 
corrode the electrodes. Apply the well-

c.ompleted assembly 
5 e,ded by dipping 

in C iba 6020 epoxy 

41-3-45 brass � / 

Lucite 

® 

Clevite PZT 
c.ylinder 

#16-8125-5 

� Capacitance, .002.9 mfd. 
Sensitivity, -106 db rela.tive to 1 volt per microb.,.,r. 

Details of deepwater hydrophone pickup unit 

solder 
rubbct"-
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AUTOMATICAllY SHOWS TIME, TIDES, POSI
TION OF SUN, MOON, STARS 

NEW SPILHAUS 
SPACE CLOCK 

BARGAIN! LONG & 
SHORT WAVE ULTRA
VIOLET LIGHT SOURCE 

Small! Lightweight! 
Portable! Most Powerful 

at the Price! 
Newly developed for pro�peeting. 
�;�fr:!B�

o
�\�

ti
���s�

u
��

e
!��f�' 

d
:����; 01 long and "hort wave ultra-violet 

light in one compact home-or-field 
ullit! One lIouree produce� short wave 
UV radiation with peak intf'nsity of 2537 angstrome. Other Bource pro
duce" lonlt' wave UV with petlk 
inten8ity of 3660 angstrom!!. Unit has rugged all-metal houeinll!:. special 
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Photographers! Adapt your camera to this Scope for ex
cellent Telephoto shots and fascinating photos of moon! 

See the Stars, Moon, 

Planets Close Up! 

3' ASTRONOMICAL 

REFLECTING TELESCOPE 

60 to 180 Power-Famous Mt. 
Palomar Type! An Unusual Buy! 

See the Rings of Saturn, the fascinating pla.net l\-1ars, huge craters on the Moon, Phases of Venus. Equatorial mount with lock on both axes. AluminiZed and overcoate<i 3'" diameter 
�b�-���e!�l�nf1�r�o:�r!dSCa��IOc�m{:n�c;g=1 Wi�de� 
§:�e�c:o�ai������T�UdCHx�rtafJ: ���da �R;¥JANifJ� 
¥££/fs8fpJ,\EJtd'&k'.S" plu, ··,fow TOP I'iSE YOUR 
5tock No. 85,050-5 • • • . . . . . .  -------

41J4· Astronomical Reflector Telescope! 
255 Power. New Vibration Free Metal Pedestal Mount. 
5tock No. 85,105-5 . • . . . • . . • . .  579.50 F.O.B. Barrington, N. J. 

SUPERB 6' REFLECTOR TELESCOPE! 
Inc. electric clock drive. setting circlc8. equatorial mount. oedestal balle. 
4 eyep;ecell for up to 576X. 
Stock No. 85,086-5 ... $195.00 F.O.B. Barrington, N. J. 

MINIATURE SUBMERSIBLE 

WATER PUMP 

FOR HOBBIES, EXPERIMENTS 

Sturdily built. Heif-priming, elec
tric water-pump. Ideal for science 
classes. advertising exhibits, min

iature waterfalls, fountains. etc. Operates under water 
on 8 to 20V AC. At 20V. pumps 1 pint per minute at 
12" head. spare valve, spring and instructions included. 
Plastic. 2V2" 19 . . t" dia., wt. lY4 oz. 
Stock No. 60,307-S . . . . . . . . . • . • . . . . . . . . .  $2.98 Poslpaid fj SCIENCE TREASURE CHESTS 

Science Treasure Chest-Extra· powerful mag· 
nllt�. oolarizing filters. compaslI. one-way mirror 
film. prism. diffraction grating and lots of other items 
for hundredll of thrilling eXIlCriments. olull a Ten·Lena 
Kit for making telellcopes. microscopes. etc. Full jn

'_ strudioos iocl udcd. 
5tock No. 70,342-5 ............... 55.00 Postpaid 
5clence Treasure Chest DeLuille-Ever.vthilll{ ;n 
Chcflt abo\'e 0lu9 exciting addition"l items ror more 

advunC'ed experiments including crystfll·growing kit electric motor. 
molecular models set. firl!t-aurface mirrors. and lotll more. 
Stock No. 70,343-5 • . . . . . • • . . • . . . . . . . . . .  510.00 Postpaid 

ANALOG COMPUTER KIT j�-=."�tG."'lll- Demonstrates basic analog com
, --:::-=�. .. . .>-� ='. , pu ting principles-can be used '�.J �) (e) for multiplication. division. pow

. • �_---=--=::-' _. ers, roots. log. operations, trig 
, � .. -... .. _ ...... --...--.-== problems, physics (ormulae, elec

tricity and magnetism problems. Operates on 2 f1asb� 
light batterles. Electric meter and 3 J)otenUometers 
mounted on dlc-cut box. Answer indicated on dial. 20" 
long, 9" wide. 2" deep. 
5tock No. 70.341-5 ... 

MAIL COUPON FOR FREE CATALOG' 
YOURS FREE FOR THE ASKING 

\Vrite today for completely new and 
enlarged 148 page catalog full of in
teresting optical and scientific items. 
Includes a wide variety of optical parts 
(imported, war surplus) and hard to 
get items for the experimenter and 
hobbyist. Request catalog "S". 
EDMUND SCIENTIFIC COo, 
Barrington, N .. J. 
SEND NEW GIANT CATALOG "s" 
Nome ... 

Address ..... 

City ... . ............ Zone ........ .5tate . 

. . . . . . . . . . . . . . . . . . . . . . . . • . . . .  $24.95 postpaid 
CASE with shoulder I!trnp. 

. . . . . . . . . . . . . . . . . . . . . . • . . . . . .  S5.75 postpaid 

War Surplus! 
American-Made 7x50 Binoculars 

Big savings! Brand new! Crystal
clear vlewing-7 power. Every opti
cal element is coated. An excellent 
night glass-the size recommended 
tor satellite viewing. Individual eye 
focus. Exit pupIl 7 mm. Approx. 
field at 1,000 yds. is 376 (t. Carry
ing Case included. American 7x50's 
normally cost $274.50. Our war 

surplus price saves you real money. Stock No. 1544-5 . . . .  _ . . . . . . . . . . .  only 574.80 pst pd. 7 x 35 AMERICAN MADE BINOCULARS Stock No. 964-5 ............ S60.50 pstpd. (Tax incl.) 6 x 30 Binocu lars-similar to above and a terrific bargain. Stock No. 963-5 ......... $33.00 pst pd. (Tax included) 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Klts contain mirror blank, tool. abrasives, diagonal 
mirror, eyepiece lenses. You build Instruments valued 
rrom 575.00 to hundreds of dollars. 
Stock No. Dla. Mirror Thickness 
70,003-5 4 J.(. �. 
70,004-5 6 1 
70,005-5 8" 1�· 
70,006-5 10' Ui" 
70,007-5 12H"' 2).1:' 

Price 
$ 7.50 postpaid 

11.95 postpaid 
19.50 postpaid 
30.75 F.O.B. 
59.95 F.O.B. 

DAZZLING DIFFRACTION JEWELRY 
FOR MEN AND WOMEN 

NOW AVAILABLE IN GOLD 

This science-inspired jewelry glows with the twin· 
kling m8.l(ic of rainbows. It U�etI drcular pattern8 of 
1" DIFFRACTION GRATING REPLICA to 
break up light into all the rich. deeo colors of nu
ture's grandest phenomenon. Incorpornted into 
beautiful jewelry. these exquisite new fallhion ac
cessories are now available in lustrous gold as well as 
silver. Other items available. Write for comolete list. 

GOLD 51LVER PRICE 
Postpaid 

No. 1814-5 No. 170.(-5 52.20 
1827-5 1714-5 2.20 
1818-5 1729-5 2.20 
1831-5 1743-5 3.85 

1735-5 7.70 

TERRIFIC BUY! 
AMERICAN MADEl 

Up to 3· Working Distance 
Wide 3-Dimensional Field 

Used in product.ion, in research or at 
home; tor inspections, examinations. 
counting. checking. assembling, 2 sets 
o( obJect.lves on rotating turret. Stand
ard pair of wide field lOX Kellner Eye 
pieces give you 23 power and 40 power 
clrar, sharp, erect image. Helical rack 
and pinion rocuslng. Interpupillary dis
tance adjustable. So good we'll SHIP 
ON lO-DA Y FREE TRIAL . 

No. 85.056-5 . . . . . . . . . . . . . . . • . .  full price S99.50 F.O.B. 

:..:..:..:..:....::..:..:..:...:..:...:..:...:..:...:..:...:..:.. . .:.. . .:..' .�$�6. 00 Pod paid 

MARVELS OF THE 
UNIVERSE ON SLIDES 

Forty mounted. identified 
3,smm de luxe black and 
white slides dramatically 
display awe-inspiring views 
or northern hemIsphere con
stellations. Set includes title 
slide, 5 seasonal & regional 
star maps t.hat introduce. In 
order, 34 constellation slldc�. 
You identity 46 conRtellations 
-more than one on some 

slldes-marvel at highly magnified renderings or Saturn, 
Mars. Jupiter, solar prominence & sun spots. Wonder[ul 
tor home study and as teaching aid . 
Stock No. 60,167-5 ................. 516.00 Postpaid 

ORDIII ar STOCK NUMBrR .SEND CHECK OR MONlY ORDIII. U"S'AO/ON GUAIIAN"'D� 

EDMUND SCIENTIFIC CO., BARRINGTON, N. J. 
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heated iron to the silver just long 
enough to cause the solder to flow. The 
tube must be closed at the ends by two 
caps of Lucite or a similar plastic that 
are drilled for a brass retaining screw as 
shown in the accompanying drawing 
[preceding page]. The caps must make a 
snug fit with the inner surface of the 
tube and the ends. Before these parts 
are assembled insert the screw through 
one cap and then solder the lead from 
the inner surface of the tube to the 
screw. Next apply a thin coat of sili
cone grease to the mating surfaces of 
the tube and the caps. Most dealers in 
radio parts stock silicone grease. Com
plete the assembly by tightening the 
nut just enough to hold the end caps 
solidly. Then cut off the screw flush 
with the top of the nut and solder the 
output leads to the end of the screw and 
the outer electrode as shown in the il
lustration. 

"The assembly can be tested by con
necting the leads to either a high-gain 
speaker system or an oscilloscope_ A 
gentle tap on either end with the handle 
of a screw driver should produce a 
sharp click from the speaker and a pip 
on the oscilloscope. Sound pressure de
flects the wall of the tubing inward 
against the cushion of trapped air and 
sets up stresses that appear as fluctua
tions of voltage at the electrodes. 

"For service as a hydrophone the as
sembly must be sealed and specially 
housed to keep fluid from leaking into 
the air space, to protect the unit against 
corrosion and to prevent water from 
short-circuiting the leads. The seal can 
be made with common beeswax. Simply 
hold the unit by the leads and dip 
it into the melted wax. Apply two 
or three coats, allowing each coat to 
harden before applying the next. Let 
the unit remain in the wax about 
three minutes during the first dip. Make 
succeeding dips quickly to prevent pre
ceding coats from melting. I prefer a 
more durable sealing material, such as 
epoxy resin, and I sealed my unit with 
a product known as Araldite 6020, 
which is manufactured by the Ciba Cor
poration. This epoxy resin is mixed with 
No. 951 hardener in the ratio by weight 
of 10 parts resin to one part hardener. 
Two coats were applied. On standing at 
room temperature for 24 hours the ma
terial sets as a hard, glassy coating of 
considerable strength and excellent elec
trical insulating properties. Like all 
epoxy resins, Araldite is toxic and must 
be used with care. Prolonged contact 
with the skin results in a rash that re
sembles the one caused by poison ivy. 
Wear rubber gloves and work with the 
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cable served with twine 
to prevent it from b��pu"ed ��t < 

/r� \--� \ � . ,r 

� bottle 

Ca bl e and 
nozzle 5ca..led 

with waterproof 
plastic-backed 

tope 

completely filled with castor oil 

Detail. of hou..illg assembly for the hydrophone 

material in a well-ventilated room. For
tunately epoxy compounds are soluble 
in water before they harden. Smears 
can be removed from the skin by scrub
bing with strong soap and hot water. 

"For additional protection the sealed 
unit is potted in a plastic container com
pletely filled with castor oil. A plastic 
squeeze bottle of the kind used for dis
pensing mustard or catchup makes an 
ideal housing. The flexible sides trans
mit sound readily to the oil and the 
tapered spout provides a handy orifice 
for attaching the microphone cable to 
the pickup unit. The microphone cable 
should be mechanically strong and of 
the two-conductor type that has a 
braided shield, such as Belden No. 8422 
microphone cable. 

"The tapered nozzle of the squeeze 
bottle is snipped off at just the right 
spot to make a tight fit with the cable. 
The cable is then pulled through the 
spout and the outer covering and the 
braiding are skinned to expose about six 
inches of the leads. Strip about half an 
inch of insulation from the tips of the 
leads and splice them to the pickup 
unit. Insulate the splices with a few 

inches of plastic 'spaghetti.' Lash the 
cable an inch or so above the joint with 
a dozen turns of thin twine to form a 
stop large enough to prevent the cable 
from slipping through the spout when 
it is pulled. Next fully immerse the 
squeeze bottle and cap assembly in a 
deep bowl of castor oil . Dislodge all 
bubbles that may adhere to the appara
tus; even a small amount of air trapped 
inside the housing will lower the effi
ciency of the hydrophone. When the 
bubbles have been removed, and while 
the apparatus is still fully submerged, 
screw the cap securely in place. Remove 
the assembly from the oil, wash it thor
oughly with a strong detergent, rinse it, 
dry it and apply several layers of plastic
backed tape to the joint between the 
spout and the cable and between the 
bottle and the cap. Finally skin the re
maining end of the cable and terminate 
the leads with connectors that mate 
with the amplifier [see illllstration on 
this page J. The completed hydrophone 
should then be tested as described 
earlier. 

"The barium titanate tube is desig
nated by the Clevite Corporation as part 

We don't know why anyone would 
want to slice a light bulb up like 
an onion. But we do think it is an 
awfully good demonstration of the 
Airbrasive's ability to cut hard, 
brittle materials. 

This unique industrial tool is 
doing jobs that were up to now 
considered impossible. Its secret 
lies in its superfine jet of gas-pro
pelled abrasive particles that are 
capable of precision cutting with
out shock, heat or vibration. Thus 
the most fragile materials can be 
shaped, deburred, drilled, abraded, 
or cleaned with complete safety ... 
germanium, silicon, ferrites, glass, 
ceramics, alloy steels. 

The cost is low, too. For under 
$1000 you can set up an Airbrasive 
cutting unit in your own shop. 

J ... � 

SEND FOR .. ! 
BULLETIN 6006 'it:-- , j *�i Complete information. . . .. . ,��'''"!" 

. ' - - .�-... :,:... -f 
S. S. WHITE INDUSTRIAL DIVISION 
Dept. SA, 10 East 40th St., New York 16, N. Y. 
Telephone MU 3-3015 collect 
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OSEY! 
Instruments by Perkin-Elmer 

are "n o s i n g" into the un

known .. , helping to dig out the 

hidden facts of our world - and the 

universe. 

They're unique instruments. An IR 

spectrophotometer with sensitivity 

and resolution that will let it detect 

biochemical life on Mars from a space 

probe. A 36" telescope that will hang 

from a balloon yet swing from its 

target less than 1/50th of a second of 

arc. A super fast meteor camera 

which reveals effects of high speed 

objects in the atmosphere. And many 

others. 

There are many challenges unsolved 

... many more yet to be met. At 

Perkin-Elmer they're in the hands of 

an elite team of scientists and engi

neers " .. leaders in electro-optics, 

detection, measurement, resolution 

and recognition ... men who require 

more than the routine and mundane 

to find satisfaction in their careers. 

If you are such a person ... if you 

thrive on challenge ... if you would 

like to work where individual con

tribution is encouraged, recognized

and rewarded ... drop us a line briefly 

outlining your interests and experi

ence. We'II be pleased to arrange a 

convenient interview at which we can 

discuss Perkin-Elmer and your fu

ture. Write Mr. R. T. Byles, Perkin

Elmer,an equal opportunity employer, 

Norwalk, Connecticut. 

PERKIN-ELMER 
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Details 0/ shallow-water hydrophone, pickup unit 

No, 16-8125-5, priced at $5, It with
stands a pressure of 10,000 pounds per 
square inch and has a sensitivity of ap
proximately - 106 decibels relative to 
one volt per microbm', This means that 
if a pressure of one microbm' (about a 
millionth of an ounce per square inch) 
is applied to the cylinder, its output 
voltage, measured with a high-imped
ance voltmeter as the only load, should 
be five millionths of a volt, Greater sen
sitivity can be achieved by using a 
larger tube of barium titanate. Clevite 
also sells for $10 a tube of lead zir
conium titanate, designated part No, 
16-24125-5 PZT; it measures one inch 
long and 1% inches wide and has a sen-

sitivity of - 91 decibels relative to one 
volt per microbm', 

"Still greater sensitivity can be 
achieved by using an entirely different 
construction technique, one that em
ploys four piezoelectric units in the 
form of disks cemented together in pairs 
to form 'bimorph' assemblies, The hy
drophone of this type that I made was 
found by measurement to have a sensi
tivity of - 81 decibels relative to one 
volt per microbm', Although the unit is 
designed for use in shallow water, it 
has a fail-safe feature. It becomes in
operative at a critical depth but is not 
damaged by the pressure at that depth, 

"The increased sensitivity of bimorph 

I :Ok�� 1 .m�ifi:T (' I' o�mSt § " 500 ohms 
transducer 

7 \9) lJ..._-=5=-_______ _ 

Uoited Tro..o5fOt"mer Co. type H-l 
(h errneti ca I'y sealed) 

Circuit diagram 0/ the hydrophone 
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hydrophones arises from the fact that a 
pair of cemented disks develops a great
er potential difference when stressed 
than a single disk of the same size does. 
When a single disk is stressed, its faces 
acquire a charge of characteristic polar
ity: one face is positive and the other 
negative. A bimorph is made by cement
ing two disks together with the faces 
of like polarity in contact. A bimorph 
hydrophone requires two such assem
blies, one with positive faces cemented 
in contact and the other with negative 
faces cemented. The pairs are then 
combined with a thin spacing washer 
sandwiched between them, as shown in 
the accompanying illustration [at left). 
Opposing pressure applied to the outer 
faces of the sandwich causes the bi
mOt'phs to flex inward and a charge of 
opposing polarity to appear on their 
outer faces. A voltage proportional to 
the stress appears across leads connected 
to the outer faces. The maximum defor
mation of the disks is limited by the 
thickness of the washer. The washer of 
my assembly was cut from brass shim 
stock .004 inch thick. It allows each disk 
to flex only .002 inch, well below the 
point of fracture. The sensitivity of the 
unit drops when the disks flex enough 
to touch in the middle but does not fall 
to zero because the separation remain
ing near the edge allows some addi
tional movement. 

"The disks of my unit are IJ� inches 
in diameter. Prior to assembly they are 
thoroughly cleaned with a strong de
tergent to remove grease and then 
joined as bimorphs by means of a con
ducting cement, such as Hysol No. 4238 
epoxy resin and its companion No. 3475 
hardener. The same cement is used for 
Simultaneously joining the bimorphs to 
the spacing washer. Apply a thin film to 
all surfaces, taking care to prevent the 
cement from entering the air space be
tween the bimorphs. Heavy pressure 
should not be applied to the stack dur
ing the hardening period. Simply place 
the coated elements on a flat surface and 
put a small weight-a pound or so-on 
top. After the cement has hardened for 
about 24 hours, solder leads to the outer 
faces as shown in the illustration. Avoid 
burning the silver electrodes. Test the 
unit with an appropriate speaker sys
tem or oscilloscope, then seal with bees
wax or, preferably, Silastic RTV No. 
731 (a product of the Dow Corning 
Corp.) . The unit is then potted in a 
plastic container filled with castor oil 
as previously described. 

"The electrical output of all these 
hydrophones is small, of course. Appro
priate circuits must be employed to 

In more and more schools ... 

PARTNERS IN THE CLASSROOM 

A GOOD TEXTBOOK AND IENTIFIC OFFPRINT ERICAN 

In more and more classrooms SCIENTIFIC AMERICAN Off

prints are being adopted side by side with the textbook. 

(Presently in use in more than 500 college and university 

courses-a 60% increase over the number at this time 

last year!) 

The textbook supplies the foundation of the course. The 

Offprints provide the latest bulletins from the frontiers of 

research, complementing and reinforcing the basic ma

terial contained in the textbook. 

Teachers who have used them find that their students 

respond with a better grasp of the whole subject and 

with more enthusiasm for the assigned readings. 

The more than 430 articles that are presently available 

cover a broad spectrum of current thought and research 

in the life sciences, the physical sciences, and the social 

sciences. Each Offprint, still only 20c. 

Send for a free descriptive brochure to: 
-"-

= W. H. Freeman and Company 
660 Market Street, San Francisco 4, California 

Warner House, 48, Upper Thames Street, London, E. C. 4 
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Suspension system for minimizing noise in hydrophone 

conserve this output. Piezoelectric units 
are high-impedance devices. They de
liver maximum power only when their 
telminals are connected to a load of 
equal impedance. I achieved an ade
quate impedance match between the 
hydrophones and amplifier by means of 
a step-down transformer connected as 
shown in the accompanying diagram 
[bottom of page 134]. 

"The choice of amplifier is dictated 
by both the sensitivity of the hydro
phone and the availability of power for 
driving the amplifier. The requirements 
of the deepwater hydrophone can in 
general be met by a conventional high
fidelity phonograph amplifier equipped 
with a preamplifier. For field work the 
llO-volt, 50-cycle power can be derived 
from a battery-operated inverter. The 
more sensitive hydrophones work satis
factorily with inexpensive transistor am
plifiers such as the basic five-h'ansistor 
push-pull audio amplifier (PK-544) that 
is sold for $7 by the Lafayette Radio 
Elech'onics Corporation of New York 
City. Two amplifiers are used in series. 
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"The motion of a hydrophone through 
the water causes extraneous noise that 
must be minimized. The drifting of a 
boat from which observations are made, 
currents in the water and wave action 
combine to cause trouble. The difficulty 
can be met, at least in part, by suspend
ing the microphone cable in loops from 
airplane shock cord, particularly at 
points of attachment to the boat, the 
supporting buoy and at the instrument 
itself" [see illustration above]. 

Charles J. Merchant, a mathematician 
at the University of Arizona, sub

mits the following description of a sun
dial for indicating standard clock time 
that can be made in less than an hour. 
"A sundial," writes Merchant, "even 
when it is perfectly constructed and cor
rectly installed, generally indicates a 
time substantially different from stand
ard clock time. This often leads people 
not familiar with the beautiful intrica
cies of sun time to the erroneous con
clusion that a sundial is an inherently 
inaccurate device. Sundials that indicate 

time correctly to within one minute can 
be constructed with no great difficulty; 
with refinements they can be accurate 
to within a few seconds . 

"The difficulties with sun time versus 
standard time stem from two sources. 
The eccentricity of the earth's orbit and 
the obliquity of the ecliptic cause the 
sun to gain or lose as much as a minute 
a day over considerable periods of time, 
with accumulated inaccuracies of plus 
or minus 15 minutes at certain times of 
the year. The correction for this varia
tion is known as the equation of time. 
When this correction is applied to the 
reading of a sundial, the result is local 
mean time. Local mean time, however, 
is the same as standard time in the U.S. 
only in those cities whose longitude is 
75, 90, 105 and 120 degrees. In all 
other localities standard time differs 
from local mean time by a constant 
amount depending on· the longitude of 
the place. This second cause of a sun
dial's apparent inaccuracy is known as 
the longitude correction. 

"Two corrections must therefore be 
applied to the reading of a conventional 
sundial in order to derive standard time: 
the equation of time, which varies from 
day to day, and the longitude correc
tion, which is constant for a given place. 

"Numerous methods, some of consid
erable ingenuity, have been devised for 
making a sundial indicate standard time 
directly. My sundial accomplishes this 
by means of a circular computer. The 
face of an equatorial-type dial is rotated 
by various amounts depending on the 
setting of a pair of disks. When the de
vice is properly adjusted, it indicates 
standard time correctly to within better 
than five minutes. It operates only dur
ing the spring and summer months, 
from the vernal equinox to the autum
nal equinox; during the other six months 
of the year the sun lies below the equa
torial plane. A set of disks could be 
calibrated for this interval, but they 
have not been included with this model. 

"The dial was designed to be cut out 
and mounted on thin cardboard, using a 
nonwrinkling cement such as Cripit. 
Rubber cement does an excellent job, 
but it is not permanent. After they have 
been mounted on the stiff backing the 
parts are carefully cut out. The base is 
then cut off for the latitude of the place 
where it is to be used and bent at right 
angles along the broken lines [see illus
trations on page 139]. When properly 
mounted on a baseboard and placed on 
a level surface, the face makes an angle 
with the horizontal equal to the colati
tude of the place. 

"The disks are then assembled on the 
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Doctors' Assistants 

. For every one of the Ph.D.s at Caltech's Jet Propulsion 

laboratory, there are almost six engineers and scientists. That 

makes a total of over 1300 top technical talents (and 2700 

support peoplel at lunch every day. 

The lunch is served in four cafeterias on a 150-acre site in 

Pasadena. The work is space exploration. The goal is increased 

knowledge of the moon and planets. 

JPl people are responsible for the conception and develop

ment of the unmanned spacecraft that are telling us what's up 

out there. They also communicate with outer space through 

DSIF - Deep Space Instrumentation Facility. 

They like the work, the people, the place. The work is 

important and challenging. The people are interesting and 

interested. The place is the sum of both. If you like that kind 

of addition, you'll like JPl. Besides, the food is good. 

Send your resume to: 

• !!! !��r�����:�s��n���!�!RY 
Attention: Personnel Deportment 3 

"An equclopportunity employer." Jet Propulsion laboratory is operated by the California Institute of Technology for the Notional Aeronautics and Space Administration. 
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GD/FW is currently engaged in many out
standing projects involving atmospheric 
and space vehicles and systems. Ener
getic, creative engineers and scientists 
are needed now, to help solve the intrigu

ing problems involved in our many a mbitious 
programs. • FORT WORTH is a modern, clean, 
interesting city. The area has the second largest 
concentration of aerospace industry in the nation. 
High quality homes - urban, suburban, and rural -
are available close to General Dynamics at surpris
ingly low prices. • Driving is easy; traffic density 
is low. Freeways lead directly to the ample parking 
facilities of General Dynamics/Fort Worth, and nearly 
all residential areas are less than 20 minutes away. 
There is no fog, no smog, no smoke and no soot. • 
More than 100 parks cover a total of about 5,000 
acres. There is a fine zoo, a famed botanic garden, 

swimming pools, tennis courts, baseball diamonds, 
picnic facilities, horseback riding, Southwest Con
ference and NFL football, bowling, Casa Manana 
theater-in-the-round, sports car races . _ . and the 
world's largest indoor rodeo - the Southwestern 
Exposition and Fat Stock Show. • Six large lakes 
are within minutes from downtown - three are in 
the city limits. • Fort Worth has one of the nation's 
better school systems. For higher education, there is 
Texas Christian University, Arlington State College, 
Southern Methodist University, and several other 
colleges and universities in the area. • To take 
advantage of the opportunities offered, write Mr. 
J. B. Ellis, Industrial Relations Administrator
Engineering, General Dynamics/Fort Worth, P. O. 
Box 748- S, Fort Worth, Texas. An equal opportunity 
employer. 

GE N ERAL eVNAM IC:S FORT WORTH 
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face. A needle, pushed through the cen
ter mark from below, serves both as 
the means of assembly and as the gno
mon. The gnomon should be as exactly 
perpendicular to the face as possible! 

"The larger of the two disks, the cor
rection disk, is placed face up on the 
needle first, then the smaller of the 
disks. Finally a small piece of cardboard, 
to act as a retaining washer, is pressed 
down on the needle. 

"To operate the sundial the correc
tion disk is first rotated so that the longi
tude of the place is opposite the arrow 
on the face that indicates the local time 
zone. (The abbreviations are self-ex
planatory: CST means Central Standard 
Time, MDT means Mountain Daylight 
Time, and so on.) For example, when 
the dial is to be used in New York City 
during the period of Eastern Daylight 
Time, the correction disk is turned so 
that 74 degrees, the longitude of New 
York City, is at the arrow marked EDT. 
This disk will require further adjust
ment. It can be fixed to the base plate 
with a small piece of drafting tape. The 
tape must not interfere with the move
ment of the' smaller disk, however. This 
disk must be adjusted every few days. 

"The correction disk carries a date 
scale that is graduated nonlinearly to 
correct for the equation of time. The 
outer edge of the dial plate also carries 
a date scale, but this scale is graduated 
linearly. When the dial plate is rotated 
so that a given date on the dial plate 
coincides with the same date on the 
correction disk, the time scale is auto
matically rotated by the amount neces
sary to correct for the equation of time 
on that date. 

"Finally, the dial is set on a level 
surface-in the sun-with the gnomon 
pointing exactly north. The dial then 
indicates correct standard or daylight 
time. For instance, assume that the dial 
is to be used in New York City on July 
10. The latitude of New York City is 
41 degrees. The base support should be 
cut for this angle. The longitude of New 
York City is 74 degrees. On July 10 
Eastern Daylight Time is in effect. The 
correction disk is therefore rotated so 
that longitude 74 degrees is at the EDT 
arrow. The correction disk should be 
taped to the face plate. The smaller 
disk is then turned so that July 10 coin
cides with the July 10 date on the 
larger disk. The dial is next placed on 
a level surface in the sun with the 
gnomon pointing exactly north. The 
shadow of the gnomon now indicates 
correct Eastern Daylight Time for New 
York City. 

"It should be noted that this dial will 
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Details of a sundial that indicates standard time 

indicate correctly even in those cases 
where a city operates under an incor
rect standard time zone. Certain cities 
in eastern Indiana and western Ohio, 
for example, operate on Eastern Stand
ard and Eastern Daylight Time even 
though they are well within the Central 
Standard Time zone. In these cities fol
low the rule of setting the longitude of 
the city to the arrow representing the 
time zone under which it operates. The 
dial will indicate the correct clock time. 

"Although the dial is calibrated only 
for the time zones of the continental 

Needle should 
point to 

true North. 

U.S., it can be used anywhere in the 
Northern Hemisphere. Merely add or 
subtract from the longitude of the place 
that multiple of 15 degrees which re
sults in a longitude within plus or minus 
7.5 degrees of 90 degrees, and then use 
the resulting longitude with the arrow 
for CST or CDT, depending on whether 
standard or daylight time is in use. All 
longitudes must be converted to longi
tude west of Greenwich, however. Thus 
longitudes east of Greenwich should be 
subtracted from 360 degrees to give 
west longitude." 

on ca,.d board 

level 
5 urface 

your 
J"titude 

H ow the su"clial is mounted 
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VAN NOSTRi\ND'S 
SCIENTIFIC 

ENCYCWPEDIA 

Free 

THE WORLD OF MAT H EMATICS. 
The famous 4-volume work edited 
by James R. Newman. A chron
icle of mathematical thought from 
the Rhind papyrus to relativity and 
automation. Handsomely boxed;  
2535 pages;  500 illustrations. 

S C I E N T I F I C  E N CYCLO P E D IA. 1 8 3 9  
pages; 1 45 6  il lustrations; more 
than 1 400 articles; .over 1 00,000 
definitions. The third revised edi
tion of the modern c lassic of sci
entific reference. LIST PRICE $29.75 

H ISTORY OF T E C H N O LOGY, by 
Charles Singer & others. The de
velopment of the scientific skills 
by which man has mastered his 
environment. Volumes 4 and 5-
the Industrial Revolution and the 
late 19th century. 

THE E NCYCLOP E D I A  OF ELEC
T R O N I C S ,  edited b y  C h a r l e s  
Susskind. The m o s t  complete and 
authoritative survey of e lectronic 
science now available. 996 over
size p ages. 405 outstanding con
tributors. 420 charts, diagrams, 
pictures, tables. LIST PRICE $22.50 LIST PRICE $25.00 LIST PRICE $53.80 

. . .  with your first Selection, at reduced price, which you may 

choose from these 18 outstanding Library of Science offerings: 
THIS GIFT OFFER dramatizes two o f  the many 

reasons why more than 57 ,000 scientists and 
professionals have joined The Library of Science : 
( 1 )  Your choice of one of the outstanding works 
above as a gift demonstrates the calibre of books 
and the substantial savings ( over 40% ) you enjoy ; 
and ( 2 )  the six groups at the right give you just a 
token example of the broad editorial program 
which, out of hundreds of titles published monthly, 
selects the most valuable for your consideration. 

Seled from many disciplines and specia lties 
In addition to these key areas, you are free to draw 
upon titles in Electronics, Evolution and Genetics, 
Frontiers in Science, Game Theory, Human Behav
ior, Medicine, Natural History, and Scientific Ref
erence. As a Member, you receive a monthly 
Newsletter containing reviews by leading authori
ties of significant new works in each field. Use the 
coupon below to choose your free G ift Book and 
your first Selection. You receive another free Bonus 
Book after every fourth Selection. Why not mail 
your choices today to The Library of Science, 59 
Fourth Avenue, New York 3 ,  N .  Y. 

Which valuable work may we send you FREE? 

:The Library of Science, Dept. 5- 3 
59 Fourth Avenue, New York 3, N. Y. 

P lease enroll me as a member and send me the 
Gift Uook and first Selection that [ have indicated 
belo w ,  U i l l  m e  for my Selection only at the reduced 
M e m ber's  Price, plus postage. As a member I need 
take as few as five more Selections during the next 
24 months from the 75 or morc available to me at 
reduced M ember's Prices, and I wi l l  receive a free 
Bonus Book of my choice after every fourth Selection. 

Membership Gift Book ___________ _ 

First Selection ______________ _ 

Name . 

Address . .  

City . . . . . . . .  , . . . . . . .  ' "  . State . . . . . . . . . .  Code . . . . •  
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MATHEMATICS 

P R O BA B I L ITY T H EORY & 
ITS A P P L I CA T I ONS, by Wil
liam Feller. "A rigorous and 
unified account in the light 
of modern investigations." 
W .  M .  Hirsh . 

LIST PRICE $9.75 
MEMBER'S P RICE $ 6.95 

MAT H E M A T I C A L  R E C R E A 
TIONS & ESSAYS/T H E  G E N 
TLE A R T  O F  MATHEMATICS. 
Two entertaining works on 
the lighter side of mathe· 
matics.  (Two books count 
as one Selection . )  

LIST PRICE $ 1 0.00 
MEMBER'S PRICE $6.95 

M A T H E M A T I C S  F O R  T H E  
P H Y S I C A L  S C I E N C E S , by 
H e r b e r t  W i lf .  I n t e g r a t e d  
view o f  7 major mathemati
cal disciplines bearing upon 
the physical sciences. 

L I ST PRICE $7.95 
MEMBER' S PRICE $5.95 

A L O N G  W A Y  F R O M  
E U C L I D / G O D E L ' S  P R O O F .  
Superb survey o f  mathemat
ical history pillS a lucid ex
planation of Godel's revolu
tionary paper. ( Two books 
count as one Selection . )  

LIST PRICE $6.90 
MEMBER'S PRICE $5.95 

PHYSICS, CHEMISTRY 
& BIOLOGY 

NATURE OF THE C H E M ICAL 
BOND, by Linus Pauling. 
The Nobel Prizewinner's 
brilliant presentation of mod
ern structural chemistry. 

LIST PR ICE $8.85 
MEMBER'S P R I C E  $6.50 

MATTER,  EARTH A N D  S KY, 
by George Gamow. "A most 
fascinating journey of the 
entire physical cosmos, from 
the infinitesimal to the in
finite. Up-la-date, compre
hensive and authoritati v e . "  
William L .  Laurence. 

LIST PRICE $ 1 0.00 
MEM BER'S PRICE $ 6.50 

R E LATIV ITY FOR T H E  M I L
L ION, by Martin Gardner. 
A brilliantly lucid "tour" 

of the universe as revealed 
through Einstein's theories of 
relativity by the noted con
tributor to Scientific Ameri
can. LIST PRICE $6.95 

MEMBER'S PRICE $5.75 

THE I D EAS OF B I OLOGY 
and THE N A T U R E  OF L I F E. 
J. T. Bonner's lucid presen
tation of the life processes
a n d  C. H. Wa d d i n g t o n ' s  
engrossing exposition of bio
logical thought, problems 
and prospects. (Two books 
count as one Selection . )  

LIST PRICE $8.95 
MEMBER'S PRICE $6.50 

T H E  SCI E N C E  O F  L I F E, by 
G o r d o n  R a t t r a y  T a y l o r .  
Beautiful t e x t  - a n d  - picture 
book on the "life" sciences. 
3 5 2  illustrations, 16 color 
plates. LIST PRICE $9.95 

MEMBER'S PRICE $7.50 

T H E  WORLD OF ELEMEN
TARY PART I C L E S / QUANTA 
A N D  REALITY. Clear intro
d u c t i o n  to " hi g h · e n e r g y "  
phYSics plus stimulating p a 
p e r s  on the quantum theory. 
( Two books count as one 
Seleclion . )  LIST PRICE $ 8 . 90 

M E M BER'S PRICE $6.50 

ASTRON OMY, SPACE 
& EARTH 

LAROUSS E E N CYCLOP E D I A  
O F  T H E  E A R T H .  I n t e r n a 
tionally acclaimed reference 
work in geology, paleontol
ogy, mineralogy, geophysics, 
meteorology, oceanography, 
speleology and seismology. 
419 pages. LIST PRICE $ 1 5 .00 

MEMBER'S PRICE $9.95 

A S T R O N O M Y ,  b y  F r e d  
Hoyle. The full panorama of 
a s t r o n o m i c a l  a c h i e v e m e n t ,  
displayed i n  o v e r  400 i llus
trations and diagrams and a 
lucid text. "Fitting introduc
tion to the space age." N. Y. 
Times. LIST PRICE $ 1 2.95 

MEMBER'S PRICE $8.95 

TECHNOLOGY 

C HA M B E RS'S T E C H N ICAL 
D I CTIONARY, ed. by Tweney 
& Hughes. Revised 3rd Edi
tion of  the reference work 
in its field. 1 028 pages, over 
60,000 entries. 

LIST P R ICE $7.95 
MEMBER'S PR ICE $5.95 

R E C E N T  D E V E LO P M E NTS I N  
I N FORMAT ION & D E C I S I O N  
PROCESSES, e d .  by Machol 
& Gray. 16 leaders report on 
the fronti�rs of information 
and decision theory with cur
rent applications. 

LIST PRICE $8 .00 
MEMBER'S PRICE $5.95 

FRONT I E RS 
OF S C I E N C E 

T H E  V I E W  F ROM A D I S 
TANT STAR/VI EW F ROM A 
H E IGHT. Harlow Shapley's 
speculations on the physical 
universe - plus Isaac Asi
mov's challenging essays on 
p roblems in biology, astron
omy, etc. (Two books count 
as one Selection.) 

LIST PRICE $9.45 
MEMBER'S PRICE $6.95 

M O D E R N  C O M M U N I C A 
T I O N S ,  b y  T h o m a s  H .  
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by Max Black 

LITERATURE AND SCIENCE, by Aldous 
Huxley. Harper & Row, Publishers 
($3.50 ) .  

This little book by the late Aldous 
Huxley is introduced as a contri
bution to the running fight be

tween representatives of the "two cul
tures." Its opening words are: "Snow or 
Leavis? The bland scientism of The Two 
Cultures or, violent and ill-mannered, 
the one-track, moralistic literalism of 
[Leavis'] Richmond Lecture? If there 
were no other choice, we should indeed 
be badly off." Huxley was unfair to both 
parties: Snow has never maintained that 
science is the sole avenue to knowledge, 
nor has Leavis, for all his lifelong com
mitment to questions of "How to live?" 
ever denied science's rightful preten
sions to insight in its own realm. Still, in 
proposing to bring the debate down to 
earth by using "terms more concrete," 
Huxley usefully diverted attention from 
personalities to the basic issues of the 
still controversial relations between the 
scientific and the literary modes of 
thought. vVhether or not his own posi
tion constitutes "a more realistic ap
proach to the subject," his elegant essay 
has the merit of raising important ques
tions. 

Huxley'S discussion is controlled by 
a theme that was prominent in much of 
his writing. He always tended to see 
human beings as "multiple amphibians," 
living "at one and the same moment in 
four or five different and disparate uni
verses" and therefore existing "in a 
chronic state of mild or acute civil war." 
For him man was the chronic schizo
phrenic. Tensions between man's animal 
nature and his spiritual aspirations, or 
between demands for social accommo
dation and a yearning for any kind of re
ligious absolute, always fascinated Hux
ley and provided him, in a novel such as 
Point Counter Point, with a ready source 
of surrealistic juxtapositions. In the pres-

BOOKS 
Aldous Huxley's (JleW 
of the "two cultures)) 

ent book he concentrated for the most 
part on the ways in which the distinctive 
purposes of science and literature are 
displayed in correspondingly contrasted 
uses of language. "The aim of the sci
entist is to say only one thing at a time, 
and to say it unambiguously and with 
the greatest possible clarity. To achieve 
this, he simplifies and jargonizes . . . .  At 
its most perfectly pure, scientific lan
guage ceases to be a matter of words 
and turns into mathematics." (May not 
the historian, the moralist or the philoso
pher also aspire to clarity and precision? 
And could mathematical symbolism, 
adrift from observational moorings, ever 
serve the purposes of an empirical sci
ence? ) The "literary artist," it seems, is 
necessarily committed to ambiguity and 
"multiple meanings" (to saying several 
things at once and all unclearly?) : "He 
purifies, not by simplifying and jargoniz
ing, but by deepening and extending, by 
enriching with allusive harmonics, with 
overtones of association and undertones 
of sonorous magic." 

Huxley dwelt appreciatively on the 
poet's devices : "mysterious implication 
. . .  by means of the mot iuste," meta
phor, manipulation of syntax, "the magic 
of what may be called verbal reckless
ness" and so on. All the while, however, 
he was searching for what lies behind 
these verbal differences-some funda
mental contrast between alternative yet 
complementary modes of understanding 
the universe and man's place in it. Medi
tating on the problem of the right "re
lationship between literature and sci
ence," he was led to answer some of the 
most controversial problems of the phi
losophies of the two disciplines. Recon
ciliation is achieved in the end by a 
mysticism that can find no better expres
sion than references to "the Something 
whose dwelling is everywhere, the es
sential Suchness of the world, which is 
at once immanent and transcendent." 
Here there is a kind of "verbal reckless
ness," to employ Huxley's useful for
mula, that some readers may find less 
than satisfying. But Huxley's residual 
mysticism can be ignored without detri
ment to his enjoyable wit. Huxley may 

have been prone to substitute an epi
gram for an argument, but he was never 
dull. 

With so much to appreciate, it may 
seem ungrateful to submit Huxley'S 
philosophical framework to closer ex
amination. Yet the effort is worthwhile, 
because this essay illustrates in an il
luminating way the dangerous conse
quences of an oversimplified conception 
of the functions of both science and lit
erature. Huxley set out from a plausible 
conception of these functions. Both sci
ence and literature, in their different 
ways, he says, concern themselves with 
the organization, expression and com
munication of "experiences" (a key 
word). This common purpose makes 
them partners, not competitors, in the 
struggle for mastery and comprehension 
of a reality that "remains forever whole, 
seamless and undivided." (How sharp a 
contrast he drew between the ultimate 
harmony and unity of reality and the 
strife-torn condition of man!) There is 
a crucial distinction, if only one of de
gree, in the different ways in which re
ality can manifest itself to the individual 
consciousness : "All our experiences are 
strictly private; but some experiences are 
less private than others." And so, as one 
might expect, science operates with "the 
more public of human experiences," lit
erature and fine art with the "more pri
vate." The raw material of science, the 
more public experiences, are relatively 
"sharable," whereas the poet and nov
elist have the paradoxical task of trying 
to communicate what at best is essen
tially personal, private, "unsharable." 
The greatest art is committed to the 
absurdity of trying "to speak about the 
ineffable, to communicate in words what 
words were never intended to convey." 
Public and private, sharable and un
sharable, routinely expressible and in
trinSically ineffable-these contrasts ran 
through Huxley's thoughts and the 
phrases that mark them recur like in
cantations throughout. 

Certainly there is an initial plaUSi
bility in the notion of men using a raw 
material of "experiences" to fashion 
elaborate structures of science, literature 
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and other modes of knowledge and in
sight. There could hardly fail to be some 
merit in a leading idea that has served 
the theoretical purposes of earlier em
piricism and positivism. But the grand 
idea, in Huxley's simplified version, has 
the serious defect of bundling together, 
under the all-too-capacious title of "ex
perience," everything that could loosely 
be said to belong to a person's "inner 
life," everything that in some sense hap
pens consciously to him, including sen
sations, ideas, thoughts, beliefs, moods 
and so on. To realize how far the term 
"experience" is thereby stretched from 
its ordinary usage is to be armed against 
Huxley's metaphysics. Had Huxley seen 
that his label of "experience" would 
have to cover such disparate items as 
aesthetic judgments, moral insights, logi
cal inferences-indeed everything that 
could conceivably be given linguistic 
expression-he might have been pro
foundly dissatisfied with his starting 
point. 

The objection is not to an inept mode 
of expression but rather to the distorted 
vision it encourages. What is notably 
unsatisfactory about this picture of the 
passive recipient of "experiences" is the 
gulf it sets between the received impres
sion and its supposedly subsequent or
ganiza tion and conceptualization. (First 
the experience, then the mot juste.) 
Only the misleading enticements of the 
pictured experience-gatherer could have 
allowed Huxley, against what surely 
must have been his own better judg
ment, to make such remarks about po
etical composition as this: "The ability 
to have poetical impressions is common. 
The ability to give poetical expression 
to poetical impressions is very rare. Most 
of us can feel in a Keatsian way, but 
almost none of us can write in a Keatsian 
way" (that "almost none of us" is charm
ing). This is about as plausible as saying 
that every man has the power to think 
in a Newtonian way, lacking only the 
power to express himself adequately. 
On this naive view of the poet's labors 
it is hardly surprising that a gifted read
er may be credited with the occasional 
power of having impressions "of a higher 
order of 'poeticalness' than those from 
which the writer set out." Unheard 
songs might indeed be the sweetest. 
Such a conception of literature, as "a 
device for inducing in the reader im
pressions of the same kind as those 
which served as raw materials for the 
finished product," encourages judgments 
as crude as the follOWing : "The function 
of drama is to arouse and finally allay 
the most violent emotions"-a vulgariza
tion of the ancient doctrine of catharsis 
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that might well have made Aristotle 
shudder. By Huxley's criterion a public 
hanging would be high drama. 

Still more indefensible, if possible, is 
the following characterization of the 
function of science: "The man of science 
observes his own and the reports of 
other people's more public experiences; 
conceptualizes them in terms of some 
language, verbal or mathematical, com
mon to the members of his cultural 
group; correlates these concepts in a 
logically coherent system; then looks for 
'operational definitions' of his concepts 
in the world of nature, and tries to 
prove, by observation and experiment, 
that his logical conclusions correspond 
to certain aspects of events taking place 
'out there.' " How did this mythical sci
entist, confined within the world of 
"strictly private" experience, ever come 
to suspect the existence of other people 
and a world "out there"? And how did 
he ever come to control a language that, 
one might have supposed, could never 
be a private possession? 

Any serious criticism of Huxley's off
hand metaphysics might profitably start 
by challenging his notion of the contrast 
between the "private" and the "public." 
Philosophers who speak of the privacy 
of experiences have in mind a supposed 
metaphysical barrier to the sharing of 
mental life: my pain cannot be yours, 
however it may resemble it, and the 
same is true of my glimpse of the setting 
sun or, for that matter, my thoughts 
about the civil rights bill. In this sense 
of "privacy" (a misleading one at best, 
in my opinion) the distinction admits of 
no degrees: it is senseless to say that 
your pain is pmtly mine or to allege that 
my pleasure at Huxley's remarks on ob
scenity will be partly shared by you
what is mine is mine and that is the end 
of the matter. (Huxley may have been 
thinking of this metaphysical conception 
when he said that all experience is 
strictly private. ) Since Huxley in fact 
insisted on a distinction of degree, he 
must have also been relying on another 
sense of experience. Indeed, part of the 
time he had in mind the degree of uni
formity of response to standard stimuli: 
"emotional experiences,"  he says, are 
more private than "sense experiences" 
because normal people may differ widely 
in the former although agreeing in the 
latter. It is to be doubted if Huxley is 
right about this in general; nearly all 
normal persons will be frightened by a 
lion's roar, whereas their observations 
of, say, a street accident are notoriously 
variable. 

In any case, uniformity of response to 
stimuli is irrelevant to the admitted diffi-

culty of unambiguously rendering atti
tudes and emotion. It can be granted 
that the literary artist has peculiar prob
lems of communication. This has less to 
do, however, with an alleged idiosyn
crasy of emotional response than with 
the absence of an established tradition 
of interpretation, criticism and evalua
tion. By restricting crucial observations 
to the registration of pointer readings, 
scientists can facilitate agreement be
tween competent observers (although 
this model hardly fits scientific observa
tion in general ) ,  but still more impor
tant is the established tradition of repre
sentation, explication and verification 
that on the whole ensure mutual com
prehension and ultimate consensus. 

The vaunted "objectivity" of science 
rests on an elaborately fashioned tradi
tion of discussion, comparison of results 
and resolution of disagreement by meth
ods acceptable to all members of the 
scientific community. What is most un
satisfactory about Huxley's conception 
of the supposed contrast between the 
"publicity" of science and the relative 
"privacy" of literature is that he aban
dons without discussion any hope of 
objectivity in the poet or novelist's judg
ment about life, condemning them to 
the precarious transmission of thrills and 
pangs. So far is this from being the case 
that all great literature aspires to make, 
in its own distinctive way, statements 
that are true, to present a view of life 
claiming the acceptance and allegiance 
of all who can understand. Here we are 
in what Leavis has called "the third 
realm," which is "neither merely private 
and personal nor public in the sense that 
it can be brought into the laboratory or 
pointed to. You cannot point to the 
poem; it is 'there' only in the re-creative 
response of individual minds to the 
black marks on the page." 

Leavis makes the essential point when 
he adds that it is a "necessary faith" that 
the meaning of the poem is "something 
in which minds can meet."  If we are to 
continue to use the overworked word 
"public" in a metaphorical sense, it had 
better stand for whatever can generate 
rational disagreement. In this sense lit
erature is potentially as public as sci
ence. All of which Huxley implicitly rec
ognized when he forgot his own theory 
of the relations between science and 
literature. When he spoke of Shake
speare making it possible for us to see 
"enlightening truth" or of literature as 
a device for "reporting the multifarious 
facts and expressing their various sig
nificances," he was far away from his 
simple metaphysical model and uncon
sciously slipped into common sense. In 
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the realm of the "strictly private" there 
is neither truth nor facts, but everything 
is what it is and nothing more, devoid 
of significance, value and everything 
else that presupposes the existence of a 
community and a tradition. For all his 
occasional recognition of the power of 
great literature to teach as well as to 
give pleasure, Huxley leaves the large 
questions concerning the source of this 
power and its relation to the more 
purely intellectual resources of science 
very much of a mystery. 

A disadvantage of Huxley's way of 
looking at these matters is that it en
courages a tendency to attend exces
sively to the mechanism of literary ex
pression ("verbal recklessness" and the 
like) in isolation from and in neglect of 
any context. Concentration on isolated 
examples of technique diverts attention 
from the far more important questions 
of the literary artist's over-all purpose 
and intention. It is perhaps significant 
that the numerous, and for the most 
part well-chosen, quotations with which 
Huxley's discussion is ornamented are 
left unidentified, except for rare cases 
where the publisher may have had 
copyright problems; favorite tags like 
"purifying the language of the tribe" 
(an inept characterization of the writer's 
task at best) are used as if any educated 
reader might be expected to know their 
origin and intended meaning. The im
putation, however flattering, is often 
unwarranted. 

The same fragmented perspective led 
Huxley to conceive of the value of sci
ence for the writer as consisting mainly 
in scraps of curious information. (This 
"believe-it-or-not approach," which is 
congenial to someone like Huxley, who 
was a lifelong pilferer of encyclopedias, 
surely overstresses the element of the 
sensational in scientific discovery. ) Thus 
we have a strange chapter in Huxley's 
book in which ornithological data con
cerning the nightingale are supposed to 
supply a writer with "potentially poetic 
raw material" that it would be "an act 
of literary cowardice" to ignore. But the 
relevant information is that, all the poets 
notwithstanding, the singing nightingale 
is a male, not a female, who sings "not 
in pain, not in passion, not in ecstasy, 
but simply in order to proclaim to other 
cock nightingales that he has staked out 
a territory and is prepared to defend it 
against all comers." It would be interest
ing to know how Huxley was able to 
deny the nightingale any access to rela
tively private experience, or how such a 
claim could be supported by scientific 
evidence. In any case, it is a curiously 
literal-minded conception of poetry that 

supposes an invocation to Philomela 
might conflict with and need to be 
checked by ornithological or ethological 
data. How odd to think of the poet's 
duty as that of "expressing simultane
ously [there's the rub] the truth about 
nightingales, as they exist in their world 
of caterpillars, endocrine glands and ter
ritorial possessiveness, and the truth 
about the human beings who listen to 
the nightingale's song"! Why not also 
the "truth" about the eaten caterpillar, 
as long as we are to be all-inclusive? 
Huxley complains that modern poets 
have been reprehensibly indifferent to 
the results of science, but poets might 
be excused for ignoring scraps of an
thropomorphic chitchat about birds "pro
claiming," "staking" and "defending" 
their "territories." 

Of course, Huxley was not so silly as 
to take this oddly chosen example as 
paradigmatic; he also had his gaze fixed 
on the supposed "ethical and philosophi
cal implications of modern science," 
which prove to be, as any follower of 
Huxley's pilgrimage through the as
sorted theologies might have expected, 
"more Buddhist than Christian, more 
Totemistic than Pythagorean and Pla
tonic." Here Huxley is finding what he 
expected to find. Had he realized the 
extent to which science, for all its mar
velous achievements, has no ethical or 
philosophical implications at all, he 
might have been even more hard put 
than he was to render an intelligible 
account of the mutual relations of sci
entist and poet. We may agree with 
Huxley that the man of letters could use 
"a general knowledge of science, a bird's
eye knowledge of what has been 
achieved in the various fields of scien
tific inquiry," and we can applaud his 
further demand that this needs to be 
supplemented by "an understanding of 
the philosophy of science." But the 
requisite philosophy of science will have 
to be something better than is to be 
found in this book. It would be agree
able if the literary man could have "an 
appreciation of the ways in which sci
entific information and scientific modes 
of thought are relevant to individual ex
perience and the problems of social 
relationships, to religion and politics, to 
ethics and a tenable philosophy of life." 
But this is an ambitious syllabus of 
questions, to which Huxley provided 
only confused, if stimulating, answers. 

Short Reviews 

THE GREEN TURTLE AND MAN, by 
James J. Parsons. University of Flor

ida Press ($8). Surprisingly little is known 
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about Chelonia mydas, the edible green 
turtle, which, although it has suffered se
vere depletion of its numbers, is still such 
an important protein food source for the 
inhabitants of many tropical coasts that 
a leading autllOrity, Archie Carr, calls 
it the world's most valuable reptile. 
Here, in a fascinating, splendidly illus
trated book, we are given a summary of 
what has been learned about the green 
turtle and its relation to man. 

Chelonia pastures in the sea-mostly 
in waters whose temperature does not 
fall below 65 degrees Fahrenheit-and 
lays its eggs on beaches from the Cape 
Verde Islands and Ascension to the 
Mozambique Channel and the Sey
chelles. It is a large, powerful creature
the mature female usually weighs about 
250 pounds, but specimens weighing 
700 to 800 pounds have often been re
ported-and spends almost its entire life 
grazing on aquatic vegetation and mak
ing prodigious journeys of as much as 
1,000 miles between feeding grounds 
and breeding areas. It basks in the sun 
during daylight hours; it is unshakably 
peaceful and pathetically vulnerable to 
the greatest of all predators, man. There 
are few more touching sights than the 
female lumbering ashore during the 
night in the summer breeding season "to 
deposit her clutch of 100 or more soft
shelled eggs the size of ping-pong balls 
in a hole she digs in the soft sand," all 
the while weeping profusely and sigh
ing. (The tears may be nature's way of 
keeping sand from caking in the turtle's 
eyes as she excavates her nest; the sigh
ing, "an admission that the buoyancy 
of the water is sorely missed by a 300-
pound creature that is not structurally 
designed for life ashore.") All one has 
to do to capture this gentle flatfoot is to 
turn her on her back, whereupon she is 
completely helpless as she lies wheezing 
and weeping awaiting her executioners. 

Parsons describes the history of the 
green turtle, the emergence of the profit
able turtle trade as the meat and soup 
made from it became the epicure's and 
glutton's special delight, the broadening 
of the trade so that what had once been 
a food of the rich has found its way to 
the shelves of grocers throughout Eu
rope and America. This expanding de
mand, together with the growth of pop
ulation in the tropical world, has laid 
heavy pressure on the species and has 
led to field studies by marine biologists 
of the turtle population and the turtling 
grounds, to conservation measures and 
the establishment of hatcheries. One of 
the most interesting chapters describes 
the extraordinary custom of fisherfolk of 
using suckerfish for catching both green 
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collected issues of this magazine. 

To secure your copy of the Index simply return the order form below 

with your check. 

SCIENTIFIC AMERICAN 
415 Madison Avenue, New York, N. Y. 10017 

Please send me ___ copies of the ·SCIENTIFIC AMERICAN cumulative Index at the 
publisher's price of $3 for each copy. I enclose payment with the understanding 
that the Index will be sent postpaid. 

Name ____________________________________________________________ __ 

Address __________________________________________________________ __ 

City ___________________________________ Zone _______ State __________ __ 

(New York City residents please add 4 per cent sales tax) 
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The Lunar Society 

of Birmingham 

A Social History of Provincial 
Science and Industr:y in 
Eighteenth-C entur)1 E1lgland 
BI' ROBERT E. SCHOFIELD. Examines the role 
or' this influential scientific society of Geor
gian England in solving the scientific, tech
nological, and sociological problems of its 
developing community. Describes the work 
of such members as James Watt, Matthew 
Bolton, Joseph Priestley and Josiah Wedg
wood, and re-emphasizes the relationship 
of science to technological and industrial 
change. 12 hal/tones. $11.20 

The Two-Nucleon 

Interaction 

By MICHAEL J. MORAVCSIK. A survey de
voted chiefly to nucleon-nucleon scattering as 
related to forces between two nucleons. Gen
eral knowledge is assumed. Ox/ol'd Libr01')' 
0/ the Physical Sciences. $2.90 

The Optical Model of 

Elastic Scattering 

By PETER EDWARD HODGSON. Summarizes 
existing analyses of scattering of nucleons, 
deuterons, helium-three nuclei, alpha par
ticles, heavy ions, pions, and kaons. Includes 
mathematical model formulation, computing 
techniques, theoretical interrelations, histori
cal review, numerous appendixes. 

45 text figures. $4.80 

The Theory of Laminar 

Boundary Layers in 

Compressible Fluids 

By K. STEWARTSON. An up-to-date account 
of the theoretical position today. Discusses 
properties of two-dimensional and three-di
mensional boundary layers, principles under
lying equations, time-dependent problems, 
and interactions. 37 text /igu·res. $10.10 

Oxford Univel'sity Press· New York 
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and hawkbill turtles. A long line is se
cured to the base of the suckerfish's tail, 
and the line is then tethered to a fish
ing boat. When the fisherman believes 
a turtle may be near, the suckerfish is 
released and, "wearied of its confine
ment, it dashes off in the direction 
toward which it is pointed, its line trail
ing behind it . When a turtle is found, 
the 'hunter fish' by some instinct attaches 
itself firmly to the carapace by its 
powerful dorsal suction cup, and re
mains fastened while both are drawn to 
the boat or canoe. Skillful and patient 
handling of the light line is required, for 
the turtle usually dives, exerting all its 
strength to escape. But the adhesive 
power of a large suckerfish is marvel
ous, and only when raised above the 
water does it normally release its hold." 
Columbus, on his second voyage in 
1494, observed this practice on the 
islands off the southern coast of Cuba. 
It has since then been described many 
times, but it had taxed the credulity of 
biologists until, in recent years, exhaus
tive researches and field observations 
completely confirmed its authenticity. 
This is a most enjoyable book. 

THE NATURAL PHILOSOPHER: VOL-
UMES I AND II,  edited by Daniel E. 

Gershenson and Daniel A. Greenberg. 
Blaisdell Publishing Company ($ 1.95 
each) . These two paper-backed vol
umes initiate a series that brings to
gether studies devoted to the history of 
physics and to the influence of physics 
on human life and thought through the 
ages. Among the noteworthy papers are 
Martin J. Klein's historical examination 
of the evolution of Max Planck's con
cept of quanta and of his ultimate con
version, after an initially negative atti
tude, to Boltzmann's way of looking at 
entropy; the same author's enlightening 
study of Einstein's contribution to the 
quantum theory of energy; Gershenson 
and Greenberg's new translation of the 
first chapter of Aristotle's Foundations 
of Scientific Thought; Robert E. Beards
ley's paper on the scientific, ethical and 
historical background of the fearful 
problem of radiation control, and the 
personal reminiscences of Lord Ruther
ford's laboratory assistant, William Alex
ander Kay, as tape-recorded and anno
tated by Samuel Devons. This is a fine 
start for a series that promises to be 
more original, imaginative and literate 
than the usual publications on the his
tory of science. 

N EVER CRY WOLF , by Farley Mowat. 
Atlantic-Little, Brown ($4.95). A 

few years ago the author of this book 

was sent to the Keewatin Barrens a few 
hundred miles northwest of Hudson Bay 
as official biologist for the Canadian 
government, his mission being "to de
termine the range/population ratio of 
Canis lupus in order to establish contact 
with the study species."  In other words, 
he was to learn about the wolf popula
tion as part of the Canadian govern
ment's concern over the shocking de
cline of the caribou population during 
the past 30 years: from about four mil
lion in 1930 to fewer than 170,000 in 
1963. Hunters, trappers, "sportsmen" 
and others had led the government to 
believe that this decline was mostly due 
to the voraciousness of the wolves, and 
the government had responded by en
couraging their wholesale slaughter by 
every means from strychnine baits to 
airplane safaris by offering a generous 
money bounty for each wolf tail brought 
in. Mowat spent months in the field ob
serving a small family of wolves, watch
ing caribou herds in contact with wolves, 
analyzing the droppings of wolves to 
determine their caribou content and in 
related activities. On the basis of this 
work and from what the Eskimos of the 
region told him, he is able to mount an 
argument to the effect that human 
rather than four-legged wolves are pri
marily responsible for the caribou ca
tastrophe. In fact, Canis lupus, by at
tacking mostly the weak, diseased and 
feeble animals, strengthens the herd 
by natural selection. The wolves' main 
diet, he discovered, is field mice, which 
are consumed in enormous quantities. 
Mowat nailed the point down, at least 
to his own satisfaction, by heroically 
dining on field mice for several weeks 
and flourishing on the diet. His book is 
interesting and at times quite funny, but 
the taste of nature-fakery is so strong 
that the main argument is hard to swal
low without a large bag of salt. 

GAMES, GODS AND GAMBLING, by F. N.  
David. Hafner Publishing Com

pany ($6.50). An interesting account of 
the origins and history of probability 
and statistical ideas from the earliest 
times to the Newtonian era. There is 
available Isaac Todhunter's standard 
Histo1'Y of the Mathematical Theo1'y of 
Probability, which is a major reference 
work, carrying the story through the 
time of Laplace. But Todhunter, al
though he is scholarly and almost always 
accurate, is pretty ponderous and is not, 
as David says, to be read for pleasure; 
moreover, he does not begin his history 
early enough and thereby neglects the 
first stirrings and manifestations of the 
science of random events that has now 
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become so important in almost every 
department of human affairs. David dis
cusses, among other things, the meth
ods of gambling in ancient times; the 
use of the random event in divination 
practices; the notion, first advanced by 
Greek philosophers, of enumerating pos
sibilities or causes in order to be able to 
judge the likelihood of an event; the 
work of Tartaglia and Cardano; Galileo's 
brief preoccupation with the subject of 
dice games; the famous exchanges of 
letters between Fermat and Pascal 
(which are skillfully analyzed); Captain 
John Graunt's lugubrious Natural and 
Political Observations on the Bills of 
Mortality (which is the embryo of to
day's massive industry of statistics); 
Christian Huygens' remarkable intro
duction to the theory of probability in 
his treatise De ratiociniis in aleae IHdo; 
Isaac Newton's delightful letters to 
Samuel Pepys in which he explains the 
rudiments of the probability calculus 
and answers a burning question relating 
to dicing raised by a Mr. Smith of 
London, who was the writing master of 
Christ's Hospital but also enjoyed gam
ing in his leisure hours; James Bernoulli's 
immortal Ars confectandi, in which he 
laid down at least one rule, pertaining 
to large numbers, that has both en
lightened and plagued students of prob
ability theory for almost three centuries; 
Pierre-Remond de Montmort's Essai 
d'Analyse stir les Jeux de Hasard, which 
was a major contribution to the growth 
of probability theory, and Abraham de 

. Moivre's Doctrine of Chances, a first
class attack by a powerful algebraist on 
the subtle mathematics of probability. 
David enlivens his treatment of the 
mathematical side of the subject with 
biographical details. He has it in mind, 
as he tells us, to continue his history 
with a monograph on the work of 
Laplace and perhaps to go even further. 
The student of probability theory will 
enjoy what David has already accom
plished and will hope for a continuation 
of his illuminating and entertaining 
studies. 

P
AINTING OF INDIA, by Douglas Bar-
rett and Basil Gray. The World Pub

lishing Company ($25). This Skira art 
book contains 82 reproductions in full 
color, each separately mounted, of ex
amples of Indian painting of different 
periods. It presents, among others, wall 
paintings from the famous caves of 
Ajanta, frescoes of the Rajarajesvara 
Temple of Tanjore and examples of the 
enchanting miniatures that began to 
appear about the middle of the 16th 
century, reflecting many schools and 

I F YO U READ about science and technology 

YOU 
SHOULD 
OWN ... 

... the new 

MERRIAM-WEBSTER UNABRIDGED 
It's the only dictionary that puts you in full command 
of the new words, new meanings in science, technology, 

and today's English language in general 
In recent years the English language 
has changed tremendously. Your every
day language. And the language of 
science, technology, business, and the 
professions. 

In your position you need to keep up 
with these changes. And the way to 
do it - the only way - is to get the 
new Merriam-Webster Unabridged: 
Webster's Third New International 
Dictionary. 

The first completely new unabridged 
in 29 years, this new Merriam-Webster 
puts you in command of 100,000 new 
words and new meanings - 450,000 
entries. It covers every area of human 
thought, answers more questions about 
today's English language . than any 
other dictionary. 

Today, get the new Merriam-Webster 
Unabridged at your book, department, 

or stationery store. It is recognized as 
the final word authority by the U. S. 
Government Printing Office, by federal 
and state courts of law. 

To be sure you're right • • •  insist on 

••• FREE BOOKLET - just mail coupon •• 
G. & C. Merriam Co., Dept. 415, Springfield 2, Mass. 
I'd like to know more about our changing 
language and the completely new Merriam· 
Webster Unabridged. Please send me a free 
copy of your 12·page booklet, "Hold the 
English language in your two hands." 

Name ................................................................. .. 

Address ............................................................. . 

City ................................................................... .. 
•••••••••••••••••••••••••••••• 
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What happens to a man 
in absolute darkness 

and silence ? 
A 1'e c O?' d  of t h e  e n o r 
mously exciting experi
m e n t s  c o n d u c t e d  i n  
Prince ton's now famous 
B lack R o om, invo lving 
dras t i c  1' e d u c t i o n  o f  

s t imu li t o  t h e  b rain.  
Result-suggestive new 
psycho logical puzz lers 
and findings of majO?' 

relevance to prob lems of 
brainwashing and space 
medicine. 

Inside the 
Black Room 

STUDIES OF 
SENSORY DEPRIVA TlON 

BY JA CK VERNON 
PRINCETON UNIVERSITY 

$4.50 at all booksellers 

Clarkson N. Potter, Inc. @ Publisher 
� 23 East 67th Street,  

New York 21 

I 
A MA TE UR 
TEL ESC OPE 
MA I(ING 

Ed ited by Al bert G .  I ng a l ls 

Book One 
497 pages, 300 illustrations 

$5 .00 postpaid. $5 .35 foreign 

Book Two 
650 pages, 361 illustrations 

$6.00 postpaid. $6.35 foreign 

Book Three 
644 pages, 320 illustrations 

$7 .00 postpaid. $7 .35  foreign 

Send postcard 
for descriptive circular 

SCIENTIFIC 
AMERICAN 

4 1 5  M a d i so n  A v e n u e ,  New Y o r k  1 7, N. Y. 
(Restdents of New York CUll please add 4% sales tax) 
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styles and mirroring the contemporary 
scene. These are widely distributed and 
are to be found not only in the remoter 
regions of the north but also in the 
small hill states of the western Hima
layas. The text is informed by the re
sults of researches of the past 20 years; 
the reproductions capture the variety, 
the delicacy and even the brilliance of 
the originals. 

A HISTORY OF GREEK PHILOSOPHY : 
VOLUME I, by W. K. C. Guthrie. 

Cambridge University Press ($10 ) . This 
first volume of a projected five-volume 
history of ancient Greek philosophy, by 
the Laurence Professor of Ancient Phi
losophy in the University of Cambridge, 
covers the earlier Presocratics and the 
Pythagoreans. The book discusses the 
systems of Thales, Anaximander and 
Anaximenes, then turns to the new ap
proach of Pythagoras and his school, 
the doctrines of Alcmaeon and the work 
of the philosopher-poet Xenophanes, 
and concludes with an examination of 
the enigmatic, aphoristic and oracular 
Heraclitus. No comparable survey has 
been undertaken since Theodor Gom
perz' four-volume history was published 
more than half a century ago. Since 
then a vast amount of research has been 
done that "has left no corner of the field 
untouched, and in some places has radi
cally altered its contours."  Guthrie is a 
lucid writer and a master of his subject. 
Although his book will be a boon to stu
dents and scholars, one need not have 
Greek to be able to read it; the use of 
this language is confined to the foot
notes, the guiding principle being to 
make them "indispensable as founda
tions for the argument, but superfluous 
for understanding it ." Since there are 
opposing views by reputable scholars on 
many of the points raised in this ac
count, the author has stated his objec
tive as that of mediating between them 
and giving the most reasonable conclu
sions in clear and readable form. 

EINSTEIN'S THEORY OF RELATIVITY, by 
Max Born. Dover Publications, Inc. 

($2) .  A revised edition, prepared with 
the collaboration of Giinther Leibfried 
and Walter Biem, of this distinguished 
physicist's semipopular account of the 
theory of relativity. Born's book was first 
published in an English translation in 
1924. It begins with a sketch of the 
classical theories of astronomy and phys
ics, introducing the questions and prob
lems that these disciplines had raised by 
the end of the 19th century, and then 
examines the special theory of relativity, 
which was able to provide a satisfactory 

answer to a number of riddles. The last 
chapter considers general relativity and 
modern cosmology. As an explainer of 
hard scientific ideas, particularly of the 
work of Einstein, Born has never been 
surpassed and seldom equaled. He uses 
little mathematics and then only at 
the level of elementary algebra; he in
vents effective analogies and is espe
cially convincing in the treatment of the 
famous paradoxes; he makes wholly un
derstandable the drastic impact of Ein
stein's theories on traditional concepts 
of space and time. A first-rate book and, 
since it is offered as a paperback, a 
bargain. 

THE FALLEN SKY : MEDICAL CONSE-
QUENCES OF THERMONUCLEAR WAR, 

edited for Physicians for Social Respon
sibility by Saul Aronow, Frank R. Ervin, 
M.D., and Victor W. Sidel, M.D. Hill 
and Wang ($ 1.50) .  A balanced, objec
tive, irrefutable and horrifying survey of 
the human and ecological effects to be 
anticipated in the event of a thermonu
clear attack on the U.S .  The contribu
tors, most of whom are physicians and 
who participated in a symposium pub
lished in 1962 by The New England 
Journal of Medicine (on which this vol
ume is based), also deal with such 
topics as the physician's role in the post
attack period, psychiatric considerations 
in planning for defense shelters, the il
lusion of civil defense and the biology of 
nuclear war. It is a pity that this en
lightened and powerful document does 
not have the official sanction and the 
publicity given to such a report as that 
of the Surgeon General's committee on 
the relation between smoking and lung 
cancer. A paperback. 

P
ROTEINS AND NUCLEIC ACIDS, by Max 
F. Perutz. American Elsevier Pub

lishing Company, Inc. ($9 ) . Perutz' 
book, which consists of his Weizmann 
Memorial Lectures given in 1961, deals 
with the structure of enzymes, how their 
structure determines their catalytic func
tion, the structure of the genetic mate
rial, the replication of this material and 
how it controls the synthesis of en
zymes. This is an excellent account, but 
very few concessions are made to those 
who do not already possess a working 
knowledge of the concepts, methods and 
vocabulary of biochemistry. Many illus
trations. 

A HISTORY OF RUSSIA, by Nicholas V. 
Riasanovsky. Oxford University 

Press ($10.50). A straightforward, com
prehenSive, lucid history of Russia from 
the beginning up to the present. 
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Riasanovsky, who is professor of history 
at the University of California at Berke
ley, explains all aspects of Russian life, 
exhibiting both sympathetic understand
ing and admirable disinterestedness. No 
similar survey is to be found in English. 
Maps, charts, photographs, tables and 
bibliography. 

UNCOLN IN PHOTOGRAPHS: AN ALBUM 
OF EVERY KNOWN POSE, by Charles 

Hamilton and Lloyd Ostendorf. Univer
sity of Oklahoma Press ($ 19.50). This is 
incomparably the best collection of Lin
coln photographs, not only because it 
has more pictures than any other-in
cluding 108 previously unpublished pho
tographs of people and places known 
intimately to Lincoln-but also because 
of the informative captions that add 
greatly to one's enjoyment of the por
traits. This superb gathering gives the 
viewer a sense of presence, a feeling 
that one is seeing Lincoln as one has 
never seen him before. 

FRESHWATER FISHES OF THE WORLD, 
by Giinther Sterba. The Viking Press 

($ 17.50). An authoritative 878-page 
handbook on aquarium fishes by the 
director of the Zoological Institute at the 
University of Leipzig. The text describes 
each of 1,300 species and gives informa
tion as to care, breeding and eccen
tricities. For example, Pseudopimelodtls 
mnintls should be kept in a large, dark
ened aquarium with dark, soft bottom 
soil studded with thick tangles of roots; 
in these circumstances it is "very peace
ful and easily satisfied" and will eat 
almost anything. On the other hand, 
H ollandichthys multifasciattls is a "beau
tiful, lively, but unfortunately rather 
unsociable and snappy species which 
should be kept in large, un shaded and 
not too thickly planted aquaria . . .  tem
perature 16-23 ° C. Omnivorous, with 
a preference for smaller fish." The book 
contains more than 1,000 illustrations, 
including color photographs, black-and
white photographs and line drawings. 

A SOPHISTICATE'S PRIMER OF RELA-
TIVITY, by P. W. Bridgman. Wes

leyan University Press ($4.50). This pro
vocative book, Percy Bridgman's last 
service to the operationalist philosophy 
of which he was founder, is flavored by 
his intellectual idiosyncrasies and en
riched by his perceptiveness. What he 
has to say about the special theory of 
relativity is certain to irritate some stu
dents, but Bridgman's insight was a 
pebble in the shoe of accepted scientific 
opinion, which prevents the wearer from 
ambling on too complacently; one sim-

BREAKTHROUGH ! 

Some of the greatest stumbling blocks in im
munological research have been removed with 
the development of new in vitro techniques. 

Because these discoveries have been made by 
investigators in different fields, a conference 
was called to discuss in detail the advances in 
technique and the conceptual changes arising 
from them. 

The Proceedings of the Conference cover such 
topics as : the roles of cells and antibodies, 
recognition of antibody-forming cells in petri
dish cultures, cytotoxicity of lymphoid cells, a 
cytophilic antibody, origin of small lympho
cytes, and isolation of a factor from lympho
cytes that transfers homograft immunity. 

CELL ·BOUND ANTIBODIES 
Proceedings of a Conference of the 

National Academy of Sciences · National Research Council 
Held May 1 0, 1 963,  Published July 15, 1963  

BERNARD AMOS and  HILARY KOPROWSKI, editors 

Plates, tables, figures. Paperbound, $4.00 
Order direct from the publishers 

THE WISTAR INSTITUTE PRESS 
36th Street at Spruce, Philadelphia, Pa. 19104 
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A new b iography of 
a great scientific 

and l iterary genius 
of the 1 8th century 

Doc to r ,  p o e t ,  i n ve n t o r , 
propounder of evo l ut ion ,  
C h a r l e s  D a rw i n ' s  grand. 
father has been compared 
with Leonardo DaVi nc i  and 
Goethe. $3.95 

ERASMUS 
DARWIN 

The world o f  science at your fingertips 

S I G N ET & M E NT O R  
Science Paperbacks 

A Guide t o  Science Reading 
Hilary Deason, ed. Enlarged 
1 964 edition P22 8 3 ,  60¢ 

Missiles, Moon Probes 
and Megaparsecs 
by Willy Ley P2445 , 60¢ 

Breakthroughs in 
Mathematics 
by Peter Wolff T23 8 9 , 75¢ 

The Human Body 
by Isaac Asimov T2430, 75¢ 

The Nature of Living Things 
Worth & Enders, eds. 

P2420, 60¢ 

The World of Copernicus 
(Sun, Stand Thou Still) 
by Angus Armitage 

P2370, 60¢ 

. . .  and many other books by 
experts in all fields of science 

NEW AMERICAN LIBRARY, P.O. Box 2439 
New York, N. Y., 10017 
Send your complete free list of science books. 
I am 0 am not 0 a science teacher. 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  

Address . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • 

City . . • . . . . . . . . . . . . . . . • • • • . • . . . . . . .  ZIP . . . . . . • 
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ply cannot pretend the pebble does not 
exist. 

P
HYSICOCHEMICAL HYDRODYNAMICS, by 
Veniamin G. Levich. Prentice-Hall, 

Inc. ($20). A translation from the second 
Russian edition of a book whose central 
theme is the elucidation of mechanisms 
of transport phenomena; for instance, 
connective diffusion in liquids, diffusion 
rates in turbulent flow, heat transfer in 
fluids, the passage of current through 
electrolytic solutions, motion induced by 
capillarity, the motion of bubbles in 
fluid media, waves on a liquid surface, 
motion and diffusion in thin liquid films. 
Based on studies made for 20 years by 
Levich and his associates, the book con
tains many results never before reported 
in English. 

Notes 

THE ART AND SCIENCE OF GROWING 
CRYSTALS, edited by J. J. Gilman. John 
Wiley & Sons, Inc. ($20). The various 
articles in this book discuss in great de
tail an important new branch of "agricul
ture" whose inorganic products, namely 
crystals, have already caused a major 
transformation of the electronics indus
try and will increasingly affect mechani
cal technology, chemical processes and 
the biological sciences. Many illustra
tions. 

A CLASSICAL DICTIONARY OF THE 
VULGAR TONGUE, by Captain Francis 
Grose, edited by Eric Partridge. Barnes 
& Noble, Inc. ($7.95). A reissue, with 
minor corrections, of Partridge's 1931 
edition of  a famous 18th-century dic
tionary. An abbess is a bawd; to arsy 
varsey is to fall head over heels; an 
Athanasian wench is a Quicunque vult; 
Yankey Doodle is a country lout; a 
boung nipper is a pickpocket; a lully 
prigger is a thief who steals wet linen. 

RADIOECOLOGY, edited by Vincent 
Schultz and Alfred W. Klement, JI. 
Reinhold Publishing Corp. and the 
American Institute of Biological Sciences 
($ 16.50). A report of a symposium, held 
at Colorado State University in 1961, 
concerned with the effects of radiation 
on plants, animals and the terrestrial 
environment. 

DISCOVERERS OF BLOOD CIRCULATION, 
by Tibor Doby. Abelard-Schuman 
($6.50). A sound history of the men who 
worked on the circulation of the blood, 
from Erasistratus of Alexandria to Wil
liam Harvey and Marcello Malpighi. It 
includes many old illustrations that have 

not been seen before in the historical 
literature of physiology. 

MATHEMATICS : THE MAN-MADE UNI
VERSE, by Sherman K. Stein. W. H. 
Freeman and Company ($6.50). A 
sound and in some ways refreshingly in
ventive introduction to mathematics, 
with the subjects chosen from number 
theory, topology, set theory, geometry, 
algebra and analysis. Based on a college 
course designed primarily to display the 
"beauty, extent and vitality of mathe
matics," the book is open to the under
standing of the general reader as well as 
that of high school and college students. 

SCIENCE AND THOUGHT IN THE FIF
TEENTH CENTURY, by Lynn Thorndike. 
Hafner Publishing Company ($8). This 
collection of studies by a foremost 
scholar, dealing with topics in the his
tory of medicine and surgery, natural 
and mathematical sciences, philosophy 
and politics, was published in 1929 and 
has long been out of print. Illustrations. 

THE ANCIENT EXPLORERS, by M. 
Cary and E. H. Warmington. Penguin 
Books Inc. ($ 1.25). A reprint of a schol
arly, ably written work on the activities 
of ancient travelers and the growth of 
geographic knowledge that sprang from 
these activities. Maps. 

How ANIMALS MOVE, by James Gray. 
Penguin Books Inc. (95 cents). A paper
back of Gray's delightful Royal Institu
tion Christmas Lectures of 1957, which 
explain the various forms of animal 
movement : swimming, walking, running, 
jumping, creeping and flying. 

THE MOTHERS, by Robert Briffault. 
Grosset & Dunlap ($2.65). A much 
abridged edition-the abridgment is by 
Gordon Rattray Taylor-of Briffault's 
million-and-a-half-word anthropological 
treatise on the matriarchal theory of so
cial origins. His main thesis is that a 
primitive matriarchy universally pre
ceded patriarchy. A paperback. 

THE SEAS, by F. S. Russell and C. M. 
Yonge. Frederick Warne & Co. , Ltd. 
($7.95). The third edition-revised, en
larged and updated-of an inviting 
handbook of our knowledge of life in the 
sea and how this knowledge is gained. 
The authors, distinguished British biolo
gists, have had the needs of the general 
reader foremost in mind and have en
hanced the value of the book by many 
line drawings and 127 exceptional plates, 
64 of which are in color. Altogether a 
little treasure. 
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