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Amazing 
new mower 

works 
underwater 

When underwater plants 
clogged irrigation ditches, 
farmers used to drag iron 
chains through them to get 
water to thirsty crops. 

Now "chaining the ditch" 
has been replaced by Shell 
Chemical's new killer of 
aquatic weeds, Aqualin® 
herbicide. Added to irrigation 
water, Aqualin destroys 
submersed weeds and algae 
that choke off water flow ... 
dead plants disintegrate and 
float away. 

With Aqualin herbicide to 
help keep irrigation channels 
free from weeds and algae, 
Shell Chemical solves another 
problem for the modern farmer. 

SHELL CHEMICAL 
COMPANY 

Chemical Partner of Industry and Agriculture 
NEW YORK 
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FROM HIGH CAPACITY STATIC INVERTERS WITH NO MOVING PARTS 

Delco Radio's high capacity Static Inverters and Converters fill a critical 
need in missile guidance and control-offering extremely reliable, very 
highly regulated power of precise frequency. The Static Inverters use direct 
crystal-frequency control and digital logic circuits to produce accurate, DELCO RADIO 

NEW IDEAS 
single or polyphase power output. They have no moving parts. There is nothing 
that can get out of adjustment. Electrical characteristics are: High Capacity-
150 to 4,000 volt-amperes. High Efficiency-65 to 90% depending on power and 
control (precision and regulation) required. Accurate Phase Angle Control-to 

0.5 degree. Precise Frequency Control-up to 6 parts per million maximum variation under all load and 
environmental conditions. Voltage Amplitude Control-to ± 1% no load to full load. Low Distortion­
typically 2% total harmonic distortion. Delco Radio has developed and produced power supplies for FOR 

DEFENSE 
missiles such as the Air Force's Ballistic Intermediate Range Thor, Intercontinental 
Titan, and the pilotless aircraft Mace. For further information on military electronics, 
write to our Sales Department. Physicists and electronics engineers: Join Delco Radio's 
search for new and better products through Solid State Physics. 

g\�pb-£9 
PIONEERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS 010 

Division or Genera! Motors · Kokomo, lndiana 
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THESE MEN BUILT THE PERMACHON ... NOW, WHAT CAN THEY DO FOR YOU? 

These are some of the men responsible for developing the 
'Westinghouse Permachon, an amazing new television 
camera tube with a "memory". The Permachon "freezes" 
whatever it sees, and stores the image to allow detailed 
study or photographing. 

Its applications are exciting. The Permachon will replace 
photo-finish equipment by eliminating the wait for film 
development. Television shows can be "frozen" while 
the director studies the staging of a scene. It can store 
fluoroscopic X-ray pictures, aid immeasurably in air-

traffic control, and permit detailed study of weather 
radar scopes. 

The talented team of engineers who developed the 
Permachon pick up their paychecks from Westinghouse, 
but they're really working for you. They belong to a 
special group of Westinghouse "idea men", available to 
you at any time, for creative engineering and advice on 
any product. Call on them next time you need help. In a 
hurry? Write, wire, or telephone right now: Westing­
house, Elmira, N.Y. Phone: REgent 9-3611. 
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How to get a 5insle volt 
for precise ca1ibration 

Formerly, it took a complicated 
network of components in a voltage 
regulator circuit to give you exactly 
one volt as a standard for calibration 
work. One drawback was this: 
diodes, resistors and tubes got old 
and gray. Another: the circuit's high 
output impedance limited its useful­
ness in feeding low impedance loads. 

To solve this problem, Sola engi­
neers developed a simple, low im­
pedance power supply that put out 
one volt peak-to-peak (±0.5%). 
And it keeps putting out that exact 
voltage value even when its own 
supply rambles from 85 to 135 volts. 

The Sola regulator is a judicious 
amalgam of three uncomplicated 
components - a special harmonic­
free constant voltage transformer, 
an isolation transformer, and a 
capacitor. Its regulating action is 
completely automatic, and it has no 
components that age. 

Team up its low output impedance 
and its sinusoidal wave shape and 
what do you have? An ideal regula­
tor for feeding a one-volt calibrating 
signal to a high impedance vacuum 
tube grid circuit or to a 75-ohm ter­
minated video cable. Its size is a 
pleasant surprise: the whole thing 
would fit in your overcoat pocket. 

This regulator, custom-made for 
calibrating oscilloscopes used with 
television picture monitors, is a good 
example of the wide range of voltage 
regulating problems that Sola engi­
neers routinely solve. Write for in­
formation about the spectrum of 
problems that yield to Sola Constant 
Voltage Transformer treatment. 

A DIVISION OF 
BASIC PRODUCTS CORPORATION 

Sola Electric Co., 4633 W. 16th St., Chicago 50, 111. 

4 

THE COVER 

In the painting on the cover are specimens of three species of butter­
fly. Four of the specimens are rare "gynandromorphs": mosaics of male 
and female tissue [see page 118]. At top left is the normal male of 
Chlorippe seraphina; at top right is the normal female. Between them 
is a gynandromorph of the same species. Its left side has male color­
ation; its right side, female coloration. At middle left is the normal 
male of the sulfur butterfly (Colias eurytheme); at middle right is the 
normal female. Between them is a gynandromorph of that species. At 
bottom left is the normal ma

'
le of Gonepteryx cleopatra lil11WellS; at 

bottom right is the normal female. The two specimens between them 
represent a different kind of gynandromorph in which the male and 
female tissues are irregularly distributed. Gynandromorphs result from 
differences in the hereditary constitution of the cells that make up an or­
ganism. The change in constitution occurs either at the time of fertiliza­
tion or after the organism has begun to develop. The specimens of G. 
cleopatra linnaeus are in the American Museum of Natural History; 
the other specimens are in the Peabody Museum of Yale University. 
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MISSION: \� 

solving the 

exotic problem 

in systems 

design 

I !: 

WESTE RN G EAR Systems Management can give you a useful 

assist on your major programs. Thinking about exploratory gear for the moon­

or to probe the secrets of the deep? Even if your exotic problem isn't quite that far 
out or quite that deep today, now is a good time to acquaint yourself with the men of 

Western Gear's Systems Management group. From conception to co·ordination of 

engineering activities, they can provide the invaluable assistance that speeds you 
to the solution of the exotic problem. 

Need propulsion gear that achieves "impossible" sound levels? A gear drive 
that functions at a fierce lOOO°F? A drive rated at several horsepower that fits in 
the palm of your hand? Rotative speeds approaching that of sound? Backed by 

deep'strength in R&D, the imaginative men of Western Gear's Systems Manage­

ment Division have a way of making realities out of today's-or tomorrow's­

impossibilities. To consult them on your exotic product or system, call on our 
sales engineer or write 

Systems Management 

Division, P.O. Box 182, 

Lynwood, California. 

< .. � ... s MANAC.-<, 
,," 1 "1-

'" � 
. . 

I) ,-
I \I , 5 \ 0 

WESTERN GEAR CORPORATION 
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What 3 things 

do these'parts 

have in common? 

They perform better. Yet they cost less. And they are 
all molded of plastics. 

The exhaust fan blades have a molded-in metal bearing, and 
are unaffected by corrosive fumes. The washing machine filter 
not only costs less to make, it also licked a rust problem. 
The one-piece phonograph spindle cap simplified a complicated 
assembly, while maintaining tolerances of + .003 and -.000. 

The jewelers' screw driver, the pistol grip tool handle, the 
dryer control panel, and the milk bottle handle are all 
low cost product improvements, made possible by the 
ever-widening choice of plastics materials and the growing 
efficiencies of custom molders. 

Think of the custom molder of plastics as the "manufacturer'S 
manufacturer." His engineering staff measures the product 
for plastics. His tool-makers build the master molds to close 
tolerances. His manufacturing facilities produce the most 
complex parts with consistent quality, at rates to meet 
the tightest schedules and budgets. 

Monsanto, supplier of plastics molding compounds to leading custom 

molders, has prepared a special report on "How To Buy Custom Molded 
Plastics." Write for your free copy to Monsanto Chemical Company, 

Plastics Division, Room 710, Springfield 2, Mass. 

MONSANTO PACE-SETTER IN PLASTICS 
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TIROS satellite orbiting towards ground station in Eastern United States. 

RCA-8 U I LT HTI ROS" SATELLITE REPO RTS 
WORLD'S WEATHER FROM OUTER SPACE 
As you read these lines, the most remarkable 
"weather reporter" the world has ever known 
hurtles around our globe many times a day, 
hundreds of miles up in outer space. 

The TIROS satellite is an orbiting television system. 
Its mission is to televise cloud formations within a belt 
several thousand miles wide around the earth and trans­
mit a series of pictures back to special ground stations. 
vVeather forecasters can then locate storms in the making 
. . .  to help make tomorrow's weather forecast more 
accurate than ever. 

The success oj experimental Project TIROS opens the 
door to a new era in weather forecasting-with benefits to 
people oj all lands. This experiment may lead to advanced 
weather satellites which can provide weathermen with hour­
by-hour reports oj cloud cover prevailing over the entire 
world. Weather jorecasts, based on these observations, may 
Wen give ample time to prepare jar floods, hurricanes, 
tornadoes, typhoons and blizzards-time which can be used 
to minimize damage and save lives. 

Many extremely "sophisticated" techniques and de­
vices were required to make Project TIROS a success­
two lightweight satellite television cameras, an infra-red 

8 

horizon-locating system, complex receiving and trans­
mitting equipment, and a solar power supply that collects 
its energy from the sun itself. In addition to the design 
and development of the actual satellite, scientists and 
engineers at RCA's "Space Center" were responsible 
for the development and construction of a vast array 
of equipment for the earth-based data processing and 
command stations. 

Project TIROS was sponsored by the National Aero­
nautics and Space Administration. The satellite pay­
load and ground station equipment were developed and 
built by the Astro-Electronic Products Division of RCA, 
under the technical direction of the U. S. Army Signal 
Research and Development Laboratory. 

The same electronic skills which made possible the 
success oj man's most advanced weather satellite are em­
bodied in all RCA products-RCA Victor black & white 
and color television sets, radio and high-fidelity systems 
enJoyed in millions oj American homes. 
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Not since the year One. There's been no change in the scientific method. 

Only the tools are different. Our job- providing them. Today a Beckman meter counts 

events from one a second to twelve billion per second. A Beckman ultramicro analytical 

system routinely measures cholesterol or chlorides in a split-drop of blood. Beckman 

high-speed computers can monitor and control everything from a process stream to a 

satellite launching. These are the kinds of electronic components, instruments and 

systems that Beckman builds now ... the standard, practical tools of the times. Research 

scientists, manufacturers, processors, the military - all, in turn, build progress around 

them. One day the present science of electronics will be supplemented or replaced. 

Sti" newer tech nologies wi II need even more advanced instruments to im plement 

them. Our catalog for the future? We're working on it now. 

Beckman 

BECKMAN INSTRUMENTS, INC. FULLERTON, CALIFORNIA I ELECTRONIC COMPONENTS, INSTRUMENTS, SYSTEMS ... FOR ANALYSIS, MEASUREMENT, 

COU NTI NG AN D CONTROL I DIVISIONS: BERKELEY' H ElIPOT·1 NTERNATIONAL' SCI ENTI FIC & PROCESS INSTRUMENTS· SPECIAL PROJ ECTS • SPI NCO, 

SYSTEMS I SU BSI DIARIES: SHOCKLEY TRANSISTOR CORp· BECKMAN INSTRU M ENTS, G.m.b.H., GERMANY· BECKMAN I NSTRU M ENTS, LTD., SCOTLAN D 

© 1960 8.1.1. Be 60143 
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X-ray photograph (here enlarged 3 times) of magnetic clutch manufactured by Dynamic Instrument Corporation, Westbury, L. I., N. Y. 

THE INSIDE STORY: magnetic-clutch terminals that hold tight 
The feed-through terminals on magnetic clutches and 
clutch brakes don't have an easy time of it. With very 
little space for attachment, conventional terminals are 
prone to pop out and rotate under torque. Terminals 
must withstand 500 volts potential between the case 
and terminal, and operate continuously at 400°F. The 
answer? New, melt-processible TEFLON FEP-fluoro­
carbon resin. The two terminals are molded together 
of FEP resin and inserted from the inside of the case. 
This new member of the family of TEFLON fluoro­
carbon resins provides all the necessary insulating, 
thermal, mechanical and fabrication properties. In­
side the potted case, where temperatures run higher, 
wires are insulated with TEFLON TFE resins for ut-

most reliability. 
In addition to the properties demonstrated in this 

application, TEFLON resins - both FEP and TFE­
offer remarkably low friction and almost universal 
chemical inertness. 

If you would like to find out more about how 
TEFLON fluorocarbon resins make possible improved 
mechanical and electrical designs, send for your copy 
of a booklet describing in detail the unique engineer­
ing properties of these resins. vVrite to: E. 1. du Pont 
de Nemours & Co. (Inc.), Polychemicals Department, 
Room T395, Du Pont Building, Wilmington 98, Del. 
In Canada: Du Pont of Canada Limited, Box 660, 
Montreal, Quebec. 

<® PORP !�oE�c?'s�· TEFLON is Du POll/'S registered trademark for its family of 
fluorocarbon resills, including TFE (tetrafluoroethylelle) 
resins alld FEP ( fluorillated ethylene) resin. 

�£G.U.S.PATOfr 

BETTER THI NGS FOR BETTER LIVING ... THROUGH CHEMISTRY 
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CREATIVE 
INSIGHT 

The ability to apply basic physical principles and utilize new·found scientific 

knowledge has characterized Varian accomplishments ever since 

its klystron tube inaugurated the era of microwave electronics. An example is 

the Varian NMR Spectrometer, which applies the phenomenon of nuclear 

magnetic resonance to determine the subtlest details of molecular structure. 

The original Nobel·Prize·Winning discovery permitted observance only 

of broad single peaks which, while useful in identifying isotopes, yielded no 

clear chemical information concerning the molecule. The Varian 

60 megacycle high resolution NMR Spectrometer which evolved from this 

phenomenon is capable of observing spectral differences of one part 

in 100,000,000, providing a signal consisting of dozens of sharp peaks 

representing, for example, hydrogen atoms situated in the various 

chemical environments within the molecule. 

Other examples of Varian's creative insight and foresight are the 

Vaclon Pump which uses an electro·magnetic interaction to achieve vacuums 

to a trillionth of an atmosphere ... the 100 kc Electron Paramagnetic 

Resonance (EPR) Spectrometer which uses unpaired electrons as "spies" 

to probe the basic mechanisms of chemistry (and life) ... and a 

miniaturized magnetometer using proton precession to measure the earth's 

magnetic field from a globe·circling Vanguard Satellite. 

This creative insight and Varian's "science of practicality" - the 

ability to put prototypes of complex equipment into quantity production­

have accounted for Varian's rapid growth and its reputation for 

products of unequalled performance and reliability. 

VARIAN associates 
611 HANSEN WAY . PALO ALTO 7, CALIFORNIA 

BOMAC LABORATORIES, INC., BEVERLY, MASS. / VARIAN ASSOCIATES OF CANAOA, LTO., GEORGETOWN, CANADA / S.F.D. LABORATORIES, INC., UNION, NEW JERSEY 

II 

© 1960 SCIENTIFIC AMERICAN, INC



WHEN YOU WANT TO 
SPLIT SECONDS 

You may be designing a new aircraft ejection seat ... or 

a better high speed camera ... or a more accurate pre­

cision timing device. Whatever you design, if it calls for 

precision ball bearings, Fafnir has what you need. For 

example, if your product needs miniature bearings, the 

Fafnir line includes all popular types and sizes ... 

flanged and unflanged bearings, shielded types (with 

one or two shields ), as well as unshielded bearings - all 

available in bore sizes from %2" (.0937) to 1;4" (.2500). 

For miniature ball bearings -for any precision ball 

bearings you need -look to Fafnir. Write The Fafnir 

Bearing Company, New Britain, Connecticut. 

SUPERSONIC TESTING OF AUTOMATIC EJECTION SEAT FOR NORTH AMERICAN'S X .. 15 

12 

� 
• 

Fafnir Precision Miniature Ball Bearings were among 

the first to be manufactured of extra·clean, vacuum· 

melt 440C stainless steel to insure a minimum of 
impurities, and to eliminate chances of pits or imper .. 

fections in balls and races. The ultimate results are 

super·sensitive bearings offering low torque values. 

• FAFNIR . , BALL BEARINGS 
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FOR THE ARMY, MSVD is cur­
rently developing the LITTLE­
JOHN nuclear arming and 
fuzing system shown under­
going vibration test ... part of 
MSVD reliability test program. 

M SPACE 
VEHICLE 

. .. center for missile and space technology research 
and development at General Electric 

Progress in arming and fuzing 
With this nation's growing arsenal of strategic 
and tactical missiles, increasing emphasis is being 
placed upon the development of more sophisti­
cated safing, arming and fuzing systems. 

General Electric's Missile and Space Vehicle 
Department was the first industrial contractor 
selected by U.S. Army Ordnance to furnish safing, 
arming and fuzing subsystems for nuclear war­
heads. MSVD has participated in feasibility 
studies, development, testing, evaluation and pro­
duction of safing, arming and fuzing systems for 
ten major U.S. Army and U.S. Air Force surface­
launched missiles, including the Army's LITTLE­
JOHN, HONEST JOHN, LACROSSE, NIKE­
HERCULES, and the Air Force's ATLAS and 
THOR. 

Engineers at MSVD's Missile and Ordnance 
Engineering Operation who contributed to many 
of these projects are today working with new 

safing, arming and fuzing concepts and techniques. 
These include the development of new fuze designs 
intended to overcome possible enemy counter­
measures, the study of re-entry-stage arming for 
long-range strategic missiles, and development of 
direction sensing devices to aid in gaining even 
more reliable safing measures. 

For more information on MSVD's safing, arm­
ing and fuzing achievements for the Army and Air 
Force and other contributions to U.S. space tech­
nology progress, write to Section 160-72A, General 
Electric Missile and Space Vehicle Department. 

GENERAL. ELECTRIC 
MISSILE AND SPACE VEHICLE DEPARTMENT 

A Department of the Defense Electronics Diuision 

Philadelphia 4, Penna. 

Scientists and Engineers interested in career opportunities in Space Technology con tad Mr. T. H. Sebring, MSVD. 
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Engineering skills 

that provide accurate 

guidance control at 

supersonic speeds ... . .. are helping 

guarantee, too, 

fast Springtime planting 

of our nation's crops! 

At many times the speed of sound, tremendous 
forces and pressures must be dealt with to properly 
guide jets and missiles. Power control actuator by B-W's 
Weston Hydraulics, however, puts 15 tons of push-pull 
muscle into the job-in a small fraction of a second. 

Turning over semi-frozen earth demands ruggedness 
in a moldboard plow. One of Ingersoll Steel Division's 
many specialty steels is a 3-ply steel, for plow bottoms, 
whose center of soft steel absorbs shock as outer 
layers of high carbon electric steel resist abrasion. 

back of both 
. . .  B 0 R G - WAR N E R® 

The 1 Hats of Borg-Warner 
... (top) national defense; oil, 
steel and chemicals; (middle) 
agriculture; in<lustrial machin­
ery; aviation; (bottom) automo­
tive industry; home equipment. 

Borg-Warner's world-wide divisions and subsidiaries employ over 4,000 engineers, 
all told. Some are specialists in materials, some in chemicals, some in electronics. 
All are creative. Working together in the York Division, design and mechanical 
engineers have perfected a new, economical compressor for air conditioning all 
popular makes of cars. Petroleum engineers of BJ Service, Inc., are known in the 
fields as the most efficient experts in the science of oil well stimulation. Hydraulic 
pumps, found in vehicles ranging from farm implements to industrial lift trucks, 
are engineered by the Wooster Division. And, through a program of creative 
engineering, Borg -Warner is assured a future as bright as its past. Soon, promising 
graduates from the college class of '60 will be joining Borg-Warner to contribute 
their skills to this engineering tradition. 

-CWJ 
-

IT'S A BETTER PRODUCT WHEN BORG-WARNER MAKES IT 
Borg-Warner Corporation. 200 South Michigan Avenue. Chicago 4, Illinois 
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potent 

CATALYSTS· 

Making reactions really GO is a job particularly well done by tin chemicals in 
dozens of commercial applications. Our recently completed patent and liter­
ature survey on catalytic applications of tin chemicals will undoubtedly suggest 
many more to development men. 

A wide variety of inorganic and organic tin chemicals are available from M&T. 
Catalytic application possibilities for organotins are greatly broadened by their 
solubility in many organic solvents and their volatility in vapor systems. 

If you are interested in new catalysts. request our new patent and literature 
survey. M&T will then be glad to supply samples and further information based 
on your specific development interest. 

See our insert in Chemical Materials Catalog 

METAL & THERMIT Corporation, 

Sn Sb. P organometallics 
Si Ti ZI and in organics 

Rahway, N. J. Dept. S 
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Dynamic 
solutions 

to modern 
design problems 
Today's imaginative design engineers 

and Norton Company's "Men with the 

Facts" are creating exciting new concepts! 

They're applying the wide variety of 

physical, chemical, and electrical proper­

ties of Norton Refractory Materials to 
products ranging from lightning arrestors 

to rockets ... in processes as different as 

filtration and gas synthesis. 

Sometimes the high thermal con­

ductivity and high refractoriness of 

CRYSTOLON* silicon carbide are needed 

. . . or the excellent chemical stability and 

abrasion resistance of ALUNDUM* alumi­

num oxide. Often MAGNORITE* magnesium 

oxide solves a problem with its high 

purity, excellent thermal conductivity, 

and high electrical resistance. Or, the 

immunity of zirconium oxide to oxidation 

and reduction may be invaluable. 

In every case, Norton's "Man with the 

Facts" knows where his company's prod­

ucts can be best applied. And, Norton 

men and materials can improve your 
product, productive efficiency, and oper­

ating economy. Send for our interesting 

new booklet, "To Make 

Your Products Better". 

NORTON COMPANY, 544 
New Bond Street, Wor­

cester 6, Massachusetts. 

'Trade·Marks Reg. U.S. Pat. Off. 
and foreign countries 

(NORTON) 
REFRACTORIES 

Engineered • . •  � • • •  Prescribed 
75 years of • . .  

Making better products ... 
to make your products better 
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LETTERS 
Sirs: 

I feel that D. J. K. O'Connell's state­
ment in your January issue that the 
green flash cannot be photographed by 
an ordinary camera of short focal length 
should be amended to cannot be -re­
solved. Since the human eye has a reso­
lution comparable to that of a good 35-
millimeter camera using fine-grain color 
film, any statement concerning the reso­
lution of the camera applies to the resolu­
tion of the eye. Hence if the resolution 
of the camera and film is too poor to 
allow the green flash to be photo­
graphed, the resolution of the eye would 
be too poor to allow it to be seen. 

Actually, what occurs for the eye is 
that finite resolution and defects in the 
lens, plus light scattering in the retina, 
stimulate many more sense receptors 
than computation of the image size 
would indicate. The same effect should 
occur in the camera, giving rise to a 
finite, if unresolved, patch of green 
color. 

University of Zurich 
Zurich, Switzerland 

Sirs: 

IeOR ALEXEFF 

The width of the green flash, and 
green rim, and the resolving power of 
the human eye are discussed in my book 
The Green Flash and other Low Sun 
Phenomena. It was not possible to treat 
these questions in a short nontechnical 
article. I cannot agree that the resolving 
power of a 35-millimeter camera using 
fine-grain color film is comparable in 
practice to the resolving power of the 
eye. The eye can profit by instants of 
good seeing that are too brief for a pho­
tographic exposure, which must be suffi­
ciently long to permit the integration of 
the light falling on the film. Other factors 
also help to prevent the photographic 
process from attaining the theoretical re­
solving limit. Experienced observers can 
distinguish visually details of planetary 
surfaces that cannot yet be photo­
graphed. The fact is that, whereas the 
green flash has very often been seen 
with the naked eye, the many attempts 
to photograph it with short-focus cam­
eras have invariably failed. Of course 
improved techniques may some day al­
ter the picture, but up to the present it 
seems that a longer focal length is 

needed if one \\'ishes to photograph the 
green flash in color. 

D. J. K. O'CO:<:-'-ELL, S. J. 

Castel Gandolfo, Italy 

Sirs: 
I do not make a practice of writing 

letters to editors, but when you print 
a nit-picking letter pUl1)orting to correct 
a trivial error, and then the correction is 
not only as far from the truth as the 
original but is also of such a nature as 
to tend toward perpetuating the essence 
of the mistaken notion which it was 
printed to correct, it becomes exceeding-
1y annoying. It is as though one of your 
authors had stated that the moon is made 
of green cheese and then later you re­
ceive a rebuttal from some reader who 
replies: "It is not. The moon is made of 
green oyster shells." 

I am referring to Carl B. Boyer's let­
ter printed in your February issue, in 
which he states that the word ellipse 
does not mean, as Isaac Asimov is re­
ported to have stated, "a defective cir­
cle," but rather "a defective parabola." 

To clarify the matter for Boyer and 
the readers he has led up the garden 
path, Apollonius applied the term "el­
lipse" not to indicate that the curve in 
question was a "defective" circle or a 
"defective" parabola or a "defective" 
anything in the usual sense of the word . 
Incidentally, neither does "parabola" 
mean "equality" as Boyer asserts, but 
simply "paralleL" 

The Greek word elleipsis should be 
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TAPE AND MICROSECONDS are essential to missile development. 

Instruments must record every function against time ... in fractions often finer than 10-4 seconds. Reams 

of electronic and optical data must be collected, reduced and evaluated before any missile can become 

operational. Vitro designed, built and helped instrument the Air Force missile test center at Eglin Air 

Force Base, Florida. Today it operates the center's test ranges and tracking stations throughout the 

Southeast. At Eglin, Vitro and the Air Force, working as a team since 1952, are responsible for checkout 

of missiles, rockets, weapon systems, countermeasures, space probe vehicles and bombing techniques, 

each vital to security. Another example of why Vitro means more than atomic energy . . . missile testing. 

�� CORPORATION OF AMERICA Z 71 261 MADISON AVENUE, NEW YORK 16, N. Y. 
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"THERMO-FAX" Copying Machines give you a 

perfectly dry copy fast. I n just 4 seconds these all-electric 

machines copy directly from an original. The clean, dry 

copy can be on white, bond-weight paper or on any of 6 
colors. This speed and simplicity saves you money with 

paperwork routines-such as billing, accounting, and ad­

dressing. To see all that dry copying can do, call your 

local dealer ... or mail the coupon below. 

MINNESOTA MINING AND 
MANUFACTURING COMPANY 

• • .  WHfitl ItISIAItCH IS THI 1((' TO TOMO •• OW 

THE TERM "THERMO-FAX" IS A REGISTERED 
TRADEMARK OF 3M COMPANY 

Minnesota Mining and Manufacturing Company 
Dept. DCT·50. St. Paul 6. Minnesota 

Please show me how dry copying with "Thermo· 
Fax" Copying Machines can simplify paper· 
work at low cost. 

Name _____________ __ 

Company ______________ _ 

Address _____________ __ 

City ________ Zone State 

translated "defective" only in the sense 
that we might term a partially filled glass 
of water defective. And even this only 
in the sense that it could hold more 
water than it does and without implying 
that a full glass of water is perfect. 

"Ellipse," therefore, does not mean 
an imperfect circle or an imperfect para­
bola, but simply that the cutting plane 
falls shoTt of being parallel with the side 
of the cone. 

"Parabola" means that the cutting 
plane is parallel with the side of the 
cone; "hyperbola," that the cutting plane 
has been rotated in excess of the amount 
necessary to bring it parallel to the side 
of the cone. 

This, I hope, will settle for Boyer the 
matter of why these curves were called 
by the names that they possess. 

It remains therefore simply to explain 
why, in view of the above, Asimov is 
correct if he states that the Greeks 
viewed the ellipse as a sort of defective 
circle, and why Boyer is incorrect. 

From many other sources we know 
that the Greek philosophers, seeking 
harmony in the universe, and being clos­
er in time than we to the days when 
anthropomorphic feelings and attributes 
were attached to inanimate objects, con­
sidered the circle as the "perfect" geo­
metrical form. To the Greek mind, then, 
the ellipse, the hyperbola and Boyer's 
perfect parabola, were all considered in­
ferior to the circle. One sees, therefore, 
that Boyer does not know what he is 
talking about, and that Asimov is incor­
rect only if he implies that the imper­
fectness of the ellipse as compared to 
the circle is indicated by its name, rather 
than ascribing it to a peculiarity of class­
ical Greek thought. 

\lVe pass a plane through a cone paral­
lel to the base producing, to the Greek 
mind of Apollonius's day, the "perfect" 
geometrical figure: a circle. As we rotate 
the plane, its intersection with the cone 
produces first an ellipse (to Apollonius 
et al., an imperfect circle) ; then, in turn, 
more and more imperfect curves, to wit, 
the parabola and the hyperbola. 

"Circle" incidentally, is derived from 
the Latin rather than the Greek, but for 
Boyer's edification kirkos, its Greek 
counterpart meaning "ring," implies 
"perfection" in its allegorical usages. 

We see, then, that although the ellipse 
"falls short" of being a parabola in the 
same sense that the hyperbola "exceeds" 
the parabola, the ellipse was still a de­
fective circle to the Greeks . 

JOHN D. WISE 

Lexington Park, Md. 
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COUNTDOWN . . .  at full fathom five 
One day, a new fleet weapon system will be 

on-station beneath the ocean surface-ready 
to hurl retaliatory missiles toward strategic 
inland targets with pinpoint accuracy_ This 
new weapon system will be part of the Navy's 
Polaris Fleet Ballistic Missile Program_ 

Though new in concept, the Polaris pro­
gram makes full use of the precision Ship­
board Inertial Navigation Systems (SINS) 
developed and produced by Autonetics for the 
United States Navy_ 

System design and components of earlier 

autonavigators have proved reliable in an Air 
Force supersonic missile, aboard the Navy's 
surface ship USS Compass Island, and on the 
USS Nautilus and Skate_ 

Advanced Autonetics' Shipboard Inertial 
Navigation Systems-like those to be used by 
the USS George Washington, the first Polaris­
carrying submarine-will provide the critical 
missile alignment data to insure effective mis­
sile launching_ SINS emits no tell-tale signals 
_ __ requires no receipt of external transmis­
sion at any time_ 

DID YOU KNOW? 

The flattening of the earth at the 
poles can result in a navigational 
error of almost eleven nautical miles 
if not taken into account. 

Inertial navigation by Auton!liQ§ @fJ 
A DIVISION Of NORTH AMERICAN AVIATION, INC . •  REGIONAL OFFICES: WASHINGTON, D. C. AND DAYTON, OHIO 

INERTIAL NAVIGATION / ARMAMENT AND fliGHT CONTROL / COMPUTERS AND DATA SYSTEMS 
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Here's FULL COVERAGE for radar 
Whatever your radome requirements, chances are Goodyear Aircraft 
Corporation (GA C) has built one like it. For GA C has pioneered radome 
development - from the smallest aircraft and missile radomes to giant 
ground radomes for BMEWS and Nike-Zeus. Whether you need a "foamed 
in place" or honeycomb-sandwich construction, a ducted radome design or 
a solid laminate model- Goodyear Aircraft has the answers to the problem 
-electrical and mechanical design, fabrication, testing. erection and service. 
Your inquiry is invited. Write: Goodyear Aircraft Corporation, Dept. 9/60Q, 

G'ooo,yEAR " Providing all 3 

AIRCRAFT weapon system skills 

Plants in Litchfield Park, Arizona, and Akron. Ohio 
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Honeywell Nuclear Reactor Simulator 
• • •  unmatched lor realistic training! 

NUCLEAR REACTOR SIMULATOR responds like a low-power, research type 

reoctor, and covers a range of 0-150 percent of reactor design power. It in­

cludes simulation of poison effects and negative temperature coefficients. 

Interchangeable plug-in units make possible the realistic reproduction of reactor 

operation with U-235, U-233, and plutonium fuels. 

Nothing short of experience with an actual reactor pro­
vides the practical training students get with the realistic 
Honeywell Nuclear Reactor Simulator. This Simu­
lator accurately reproduces important reactor functions 
electronically instead of by nuclear reactions. Its full­
size amplifiers, recorders, and control instruments are 
identical with those used in many existing reactors. 

This highly flexible Simulator is the safe, simple, and 
economical way to teach reactor characteristics, oper-

ERING THE FUTURE 

THERMAL PLANT SIMU­
LATOR can be teamed with 

the Reactor Simulator for real­

istic nuclear power plant train­

ing. It has plug-in connectors 

for typica I power plant pro­

grams ... patchboard panel 

for non-standard programs. 

ating procedures, instrumentation, and interpretation 
of chart records. Use it with the Honeywell Thermal 
Plant Simulator for valuable training in nuclear power 
plant engineering. 

Your nearby Honeywell field engineer can give you 
complete details. Call him today . . .  he's as near as 
your phone. 

MINNEAPOLIS-HoNEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 

Honey�ell 
H �t�� 
HONEYWEll SIN C E 1 8 8 5 

2 1  
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or 
per:ID.an.en. t 

record? 

the difference is a fil:rn. Greasy, creased blueprints, tattered, indecipherable 

office memos, faded and easy-to-tamper-with records. These are the things from which 

mistakes are made, everyday, everywhere, in factory, office and store. A polyethylene 

and Mylar* film combination, product of Dobeckmun research, offers an end to all this. 

Use it in conjunction with a desk-top laminator and papers become permanent records. 

And when appearance is important-presentation pieces, advertising layouts, mailing 

shots, to name a few-this speedy post-lamination process will transform run-of-the­

mill pieces into stand-out successes whose polish can never rub off. Any office worker 

can laminate a document in seconds (both sides are treated at once), but the protection 

that results will defy time, scuffings, oil, water ... you name it. Post-lamination, one 

of the most promising developments of Dobeckmun film research was achieved in 

close cooperation with a manufacturer of laminators. For complete information, write 

THE DOBECKMUN COMPANY *T.M. DUPONT 

A Division of The Dow Chemical Company, Cleveland 1, Ohio • Berkeley 10, California 
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Offices in most principal cities 
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Bell-powered Agena satellites in orbit - symbolized .. 

THE ENGINE WITH THE FUTURE 
Reliability • • •  Efficiency • • •  Flexibility. 
In space, these words have a million-dollar meaning. 

Vast sums of money and vital scientific data ride on 
these built-in attributes of Bell Aircraft's rocket engine 
for Lockheed's Agena satellite, second stage of the Air 
Force Discoverer series. 

The Agena engine, designed with space in mind long 
before space became a hous�hold word, has fulfilled 
its every mission and has placed more tons of useful 
payload into orbit than any other power plant. Its 
operational reliability is backed by six years of develop­
ment and 5,000 test firings. 

This Bell engine now has re-start capability - the first 
in the nation. This means that its satellite can change 
orbit in space without the penalty of extra engines. 
Presently in production, this engine also is adaptable 
to new fuels and new assignments and, consequently, is 
programmed for important military and peaceful space 
ventures of the future. 

Agena's engine is typical of the exciting projects in Bell's 
rocket propulsion center. It is part of the dynamic new 
approach of a company that's forging ahead in rocketry, 
avionics and space techniques. These skills serve all 
government agencies. Engineers and scientists anxious 
for a new kind of personal challenge can find it at Bell. 

Niagara Frontier Division 

BELL 
AIRCRAFT 

CORPORATION 
BUFFAL.O 5, NEW YORK 
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All-weathe r auditorium in Pittsburgh 

w il l  be cove r ed by a 415-foot 

diame te r Nickel-containing stainless 

steel dome. Largest of its kind in 

the world, the dome w ill prote ct 

an audience of more than 13,000. 

"Push-button umbrella roof" of stainless steel 
gives Pittsburgh a new all-weather auditorium 

Watching a play or listening to 
music under the stars heightens the 
enjoyment. That is, until a passing 
shower comes along to wash out the 
fun. But now comes a new idea in 
a u d i t o r i u m s .  In t h i s  o n e ,  a n  
umbrella roof of Nickel-containing 
stainless steel will close at the first 
drops of rain-and on with the show. 

It's a simple concept, but a daring 
one. Eight huge sections nest to­
gether when the dome is open. Push 
a button, and six of these sections 
glide quietly together around an 
outside track. 

They looked into all sorts of 
sheathing materials in designing the 
dome before choosing Type 302 
Nickel-containing stainless steel. 

For stainless with Nickel in it is 
one of the most weatherproof metals 
there is. It is corrosion-resisting all 
the way through - in salt air as well 
as industrial atmospheres. What's 
more, it's virtually self-cleaning­
rainfall alone keeps this metal clean. 

No wonder you see Nickel-con­
taining stainless wherever strength, 
long life and handsome appearance 

are called for! Not only in buildings 
- inside and out - but everywhere 
you look. 

Suggest something to you? Can 
stainless help you solve a problem 
involving corrosion, stress, appear­
ance, temperature extremes? The 
way to find out is to write us. We'll 
see if Nickel-containing stainless 
steel - or some other nickel alloy -
may be just what you're looking for. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street IA � New York 5, N.Y. 

INCO NICKEL 
NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Whether it's a hermetically sealed package, a system containing 

gas or liquid, or many still undetermined applications, Davison 

Silica Gel possesses physical properties that assure better 

moisture removal than ordinary desiccants. 

Its unique porous internal structure offers the equivalent of 

90,000 square feet to a cubic inch of silica gel ... adsorbing up to 

40% of its weight of water in saturated air. This characteristic 

is the basis for many of its industrial applications. Because 

surface area, pore size and density can be carefully controlled 

during production, silica gel has found profitable use in such 

widely divergent fields as paint, oil and gas, chemical, paper, and 

pharmaceutical. If you have a problem in gas or liquid drying, 

flatting, anti-blocking, thickening, moisture removal, dehydrated 

packaging, or catalyst supports, write Dept. 5105 for technical 

assistance and information. 

DEPARTMENT 5105 

_.A. G RAC E & co.,;.� 
DAVISON CHEMICAL DIVISION .. 

.."'". 

BALTIMORE 3. MARYLAND \ : '..i 
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and a case of arrested flight 

In the timeless world of nature, many an insect 
has been fatally snared by the surprising stretch 
and strength of an apparently fragile spider web. 

Man, however, saves lives with a web that can 
safely stop a runaway jet aircraft, thanks to the 
rer:1arkable properties of a synthetic fiber-nylon. 

Nylon is a highly elastic fiber. Extremely light 
in weight, its density is only 1.14, yet it's stronger 
than steel wire of the same weight-has over 4 
times the impact strength. In everything from 
sewing thread to tire cord to mooring line, nylon's 
usefulness is being rediscovered every" day. 

Perhaps nylon can serve you. 

Du Pont's family of man-made fibers offers you 
exceptional versatility. Even now-tailored to 
specific needs or combined with other materials 
-fibers can outperform such materials as steel, 
wood or even lubricants. 

Please tell us your requirements. We'll be happy 
to provide any information or technical assistance 
regarding your use of Du Pont fibers for industry. 

E. 1. du Pont de Nemours & Co. (Inc.), 31K1, 
Centre Road Building, Wilmington, Delaware. 

NYLON 
"DACRON ", polyester fiber 
"ORLON'" acrylic fiber 
"TEFLON'" TFE-fluorocarbonfiber 
"SUPER CORDURA'" high tenacity rayon yarn 

Du Pon.t Fibers :for In.dustry @ P08l> 
"('.U.S.'AT.orr. 

BETTER THINGS FOR BETTER liVING . . .  THROUGH CHEMISTRY 

*fI" PONf'!'; FI£GIST£RED TRAO£MAR",S 
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THE UNEARTHLY USE 
OF GLASS 
Some day the stellar equivalent of an 
archeologist will ferret his way through 
space, collecting debris from the sundry 
objects we are thrusting out past the 
pale of gravitation. 

That man is going to find a lot of glass. 
Next to the metals, glass is the basic 

material for space work. Big claim? 
Big fact. 

You can blast glass out at the stars, 
shine the sun at it full open, slide it into 
the cold void of the earth's shadow, 
plummet it back into the searing atmos­
phere, recover it from the bobbing waves. 
And, all the time, glass will hold to its 
integrity, its properties, its dimensions. 

You can design glass into a piece of 
space hardware; you can only know the 
beauty of this if you have had to design 
around some other material that has in­
teresting properties but is hard to work. 

Glass has hardly any design limita­
tions. We can mold it, blow it, fuse it, 
press and roll it, etch it, temper it, or try 
any of a dozen other controlled tech­
niques to meet exactly the shape you 
want, exactly the size you want, exactly 
the exactness you want. 

We have some 60,000 glass formulae to 
select from, so matching your specs on 
properties is a snap. 

We have combinations of glasses that 
transmit or attenuate all of the visible 
light spectrum and most of the infrared 
and ultraviolet as well. 

We can take a mass of glass yards thick 
and make it as transparent as the objec­
tive lens on a microscope, as surface per­
fect as the facet on a ten-carat diamond. 

Big claims? Big facts. Radomes, win­
dows for space capsules, giant mirrors for 
balloon-floated telescopes, electronic com­
ponents, macro and micro in size . . . 
these are just a few of the things you can 
do with glass ... and, with all that, you 
haven't begun to tap the possibilities 
of glass in space. 
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We have two brochures that tell about 
these properties and design potentials: 
This Is Glass treats of the material itself. 
IZ-1 discusses the applications. Check 
the coupon for copies. 

WE'LL GROW RED ROSES IN 
JUNE, 
JUST YOU AND I UP ON 
THE MOON 
It goes without saying that you cannot 
grow terrestrial plants in a 10-12 mm Hg 
atmosphere ... but just how high does 
the pressure have to be to bring a plant 
to maturation? What about the effects of 
a lower gravity? What sort and how much 
light will you need to make a seedling 
stir? How about temperature? 

Republic Aviation is engaged in some 
research of this sort, which will form a 
sort of almanac for the lunar farmer. 

We come into the picture with a 
vacuum-tight greenhouse, often referred 
to as a PYREX brand bell jar. Besides 
serving as the perfect lunar greenhouse, 
it recommends itself on a weight basis. 

You might remember this "Moon 
Garden" if the time comes when you 
want an environment you can play with 
and observe. Many are the people using 
our bell jars for high vacuum and high 
pressure work, for the creation of an inert 
gas atmosphere; in short, for any work 
where you want to free yourself from the 
deficiencies of the terrestrial atmosphere. 

CORNING MEA N S 

HOW TO SEEK OUT AND HIT 
A MELTING ICE CREAM CONE 
IN THE MIDDLE OF ALASKA 
We make the glass that goes into the 
domes that transmit the infrared waves 
that activate the cunning minds of the 
heat-seeking missiles that go pow. 

Today we make a better IR transmit­
ting glass than ever before. We call it 
Code 9752. 

A 2mm thickness of this glass will 
transmit 77% at the 4.0 micron wave 
length and 38% at 5.5 microns. Not bad. 

At 600°C there is no transmission loss 
whatsoever at 4.0 microns, only 13% 
at the 5.5 micron wave length. 

Our research people say the glass has 

"good" electrical properties, "excellent" 
weathering characteristics. Our research 
people are known as conservatives. 

In a durability test, we found that 
there was no appreciable transmittance 
loss in 21 days at 95% RH with tem­
perature cycling from 25°C to 65 °C 
twice a day. 

Using standard techniques, we can 
mass produce this glass in a variety of 
hollow shapes and give it an optical fin­
ish. We can press 7" domes automatically 
and make larger sizes to order. Flat 
pieces, 12" square and Yz" thick, are 
being used in the instrumentation field 
for such devices as Schmidt corrector 
plates. 

The coupon offers a bulletin on this 
and two other Corning IR transmitting 
glasses. 

RESEARCH IN GLASS 
CORNING GLASS WORKS, 49 Crystal St., Corning, N. Y. 

o This Is Glass 
o IZ-l 
o IR transmitting glasses 

Name. _______________________________________________________________________________________________ Title ____ .... ________________ .. 

Company _____________________________________________________________________________________________________________________________ _ 

Street. _______________ _________________________________________________________________________________________________________________ _ 
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AiResearch is now in production on 
two greatly simplified hot gas steering 
control systems: a reaction control 
system for outer space flight stabili­
zation and a hot gas actuator control 
system for terrestrial steering (in the 
atmosphere and under water). 

Both systems eliminate any need for 
pumps, heat exchangers, accumulators 
and other apparatus required in ear­
lier control systems. And both systems 
utilize hot gas, operating off either the 
main engine or a separate fuel source. 

The gas in the outer space reaction 
control system is fed into a set of noz­
zles which imparts spin to the missile 
to stabilize its flight through space. 

In the terrestrial hot gas actuator 
control system the gas is fed into an 
on-off controlled linear actuator which 
moves the fins controlling the missile's 
attitude in the atmosphere or under 
water. This system also utilizes a con­
cept developed from the AiResearch 
hydraulic "printed circuit." This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 

AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 

for atmospheric, underwater and outer space missions. 
Your inquiries are invited. 

CORPORATION 

?liResearch Manufacturing Divisions 
Los Angeles 45, California' Phoenix, Arizona 

Systems, Packages and Components lor: AIRCRAFT. MISSILE. ELECTRONIC. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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One of a series 

Catching Up with a Slippery Equation 

What goes on when two moving surfaces are separated by a film of oil? 

Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 
Osborne Reynolds neatly stated the problem in equation form back in 1886. 

Unfortunately, analytical methods for solving Professor Reynolds' 
partial differential equation worked only for unrealistic oil bearings, 
bearings with widths approaching zero or infinity. And approximate 
methods were crude, requiring a complete recalculation for each slight 
change in the bearing. 

Recently, mathematicians at the General Motors Research Laboratories 
came up with the most versatile and efficient method of solution 
yet made. Their analytical method for solving the two-dimensional 
Reynolds' equation applies to all finite journal bearings - as well as 
other hydrodynamic bearings - with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 
theorem recorded by Sir Horace Lamb instead of the force relationship 
tried by Reynolds and others. 

Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceahle design 
curves for engineers. At GM Research, we helieve delving into hoth 
the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 
of "more and better things for more people." 

General Motors Research Laboratories 
Warren, Michigan 

HydrodynamiC analyses have 

led to specific answers about 

bearing operation. Shown 

here are the oil pressure 

distribution (main illustration) 

and load-carrying 

capacity for a non-rotating 

journal with a 

reciprocating load. 

load 
Capacity L/D=O> 

LID -1.0 

LID =0.1 
0�.01� ---------0�. 1�----��1 .0 

1· EccentriCity 
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One element for control 
of all three axes 

Free from gyroscopic 
cross-coupling 

Bearingless support 
using electric fields 

FREE WHEELING 

... fur kontrolle des satellitenverhaltens 
A single reaction sphere-electrically suspended-is 

the Bendix free wheel concept for space vehicle 

attitude controL Conceived to use the space environ­

ment to advantage, the free wheel concept eliminates 

the reliability problems of conventional reaction 

wheel bearings. Three stator windings placed in 

orthogonal planes are energized to generate control 

torques around any axis of the rotor (and any axis 

of the space vehicle by reaction). 

Free from bearing vibration and gyroscopic cross­

coupling, the free wheel provides a unique capability 

for precision attitude control of orbiting scientific and 

military observatories. 

This project is part of the over-all Bendix space­

systems development program which includes satellite 

communication, satellite navigation, radiation­

resistant electronics, magnetohydrodynamics, plasma 

shock tubes, and infrared reconnaissance. 

Opportunities are open to better engineers and 

scientists interested in participating in advanced 

space programs in an ideal scientific climate. Write 

today for complete information. 

Bendix Systems Division 7encf� 
ANN ARBOR, MICHIGAN AVIATION CORPORATION 
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ADNANCED 
EXPLOSIVE 
TECHNOLOGY 

McCormick Selph Associates, 
during eight years of service to 
the aircraft, missile and sup­
porting industries, has accom­
plished a fine record o!..achieve­
ment. Today it occupies a lead­
ing position in the field of ad­
vanced explosive technology. 

The future promises n ew 
steps in this world of expanding 
scientific endeavor, a n d  con­
trolled explosive ordnance will 
be used in an inconceivable var­
iety of military, space and com­
mercial applications. 

Mc/Sf A has gained the ex­
-perience, the accumulation of 
knowledge and the confident 
ability to provide the highest 
reliability of product for all 
areas of industry. 

CONTROLLED 

-
-

NERGY 

STAGE 
SEPARATION 

MISSilE 
DESTRUCT 

EXPLODING 
BRIDGEWIRE 
SYSTEMS 

PROPELLANT 
IGNITION 

GAS 
GENERATORS 

Ic Cormici Selpk Associates 
HOlllSlfR AIRPOIiT/HOIIISlfR LAllfORNIA 
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50 AND 100 
YEARS AGO 

BcIENIIFI£II1MERI£AN II 
MAY, 1910: "The transit of Halley's 

comet and the expected immersion of 
the earth in its tail have proven once 
more what may happen to the best-laid 
plans of mathematicians. The transit un­
doubtedly occurred, but whether or not 
the earth really encountered the tail 
seems to be a matter of considerable 
doubt. When the night of May 18th 
came, and the scientific world was all 
agog, the tail was so curved that the 
passage of the earth through it seemed 
only remotely possible. All the scientific 
expeditions which have been sent to 
various parts of the earth will probably 
come back with nothing to report. The 
more important meteorological stations 
of the world sent up sounding balloons at 
frequent intervals on the 18th and 19th 
of May, for the express purpose of bring­
ing down from the upper strata of the 
atmosphere some record of unusual hap­
penings which might safely be attributed 
to the inHuence of the comet. All this 
labor is now in vain." 

"The 14-year-old president of the 
Junior Wireless Club of America ap­
peared before the Senate Committee 
on Commerce last week to protest 
against the bill introduced by Senator 
Depew for regulating wireless teleg­
raphy. The young president gave a very 
forcible argument in favor of amateur 
wireless telegraph operators, pointing 
out the fact that if the bill were passed, 
it would check the inventive genius of 
some 40,000 experimenters. He also 
called attention to the fact that it would 
be impossible to enforce the bill without 
a veritable army of expert wireless tele­
graph engineers." 

"Now that aircraft have been entered 
as war vessels, inventors are beginning 
to cast about for some effective means 
of destroying them. Recently an aerial 
torpedo has been invented, which, by 
means of a hertzian-wave controlling 
system, may be directed from a distance 
without carrying any operator. This tor­
pedo was exhibited at the London Hip­
podrome, where the inventor caused it to 

travel out over the audience, steering it 
wherever he chose by pressing buttons 
on a switchboard on the stage. The de­
vice may be equipped with explosives, 
to be dropped on an enemy. This was 
demonstrated by releasing Howers on 
the audience." 

"An interesting discussion by Charles 
P. Steinmetz on the magnetic properties 
of materials was published recently. It 
was stated some years ago that magnetic 
alloys could be made by combining non­
magnetic materials. Dr. Steinmetz points 
to the fact that in all these alloys man­
ganese is used, and that this is slightly 
ferromagnetic. Dr. Steinmetz states that 
no magnetic alloy has been found which 
does not contain some of the ferromag­
netic group." 

"In a recent lecture before the Engi­
neers' Club in New York, Mr. Elmer A. 
SpeHy, the electrical engineer, demon­
strated with a working model the value 
of his 'active' gyroscope. If the ordinary, 
or 'passive,' gyroscope be applied to 
ships, the vessel must roll some 2% de­
grees before the counteracting inHuence 
is exerted. In the new type the least ten­
dency toward a roll sets in operation a 
governing device, consisting of a smaller 
gyroscope, which starts the larger gyro­
scope, and thus secures an instant and 
absolute stability. Mr. Sperry believes 
this new type will provide the naval gun­
ner with a perfectly stable platform." 

MAY, 1860: "The announcement of 
the discovery of Hint weapons, spear­
heads, axes, &c., associated with the re­
mains of extinct animals-elephant, 
rhinoceros, bear, tiger, hyena, &c.,-in 
undisturbed beds of gravel in the north 
of France was first made by Mr. Evans, 
an English geologist, to the London So­
ciety of Antiquaries in June, 1859, and 
subsequent researches have fully con­
firmed it. At the meeting of the British 
Association in September, 1859, Sir 
Charles Lyell, who has hitherto favored 
the received chronology respecting 
man's existence as a race, said that he 
fully believed that the antiquity of these 
Hint weapons was immensely great as 
compared with the times of either history 
or tradition; and it is conceded by all 
geologists that the continued existence 
of tropical animals is not possible in Cen­
tral Europe, under the present condi­
tions of climate. The conclusion, there-
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HAROLD S. BLACK, LAMME MEDALIST 

A MAN WINS A MEDAL ... AND 

STRENGTHENS A PHILOSOPHY 

The search for the "hitherto unattainable" some­

times ends in strange places. 

For years Bell Laboratories engineer Harold S. 
Black pondered a problem: how to rid amplifiers of the 
distortion which unhappily accumulated as signal-trans­
mission paths were made longer and amplifiers were 
added. There had been many approaches but all had 
failed to provide a practical answer. 

Then one day in 1927 the answer came-not in a 
research laboratory, but as he traveled to work on the 

Lackawanna Ferry. On a newspaper, Mr. Black jotted 
down those first exciting calculations. 

Years later, his negative feedback principle had 
revolutionized the art of signal amplification. It is a 

principal reason why telephone and TV networks can 
now blanket the country, the transoceanic cable is a 

reality, and military radar and missile-control systems 
are models of precision. 

For this pioneer achievement, and for numerous 
other contributions to communications since then (some 

BELL TELEPHONE 

60 U. S. patents are already credited to him) , Mr. Black 
received the 1957 Lamme Medal from the American 
Institute of Electrical Engineers. He demonstrated that 
the seemingly "unattainable" often can be achieved, 
and thus strengthened a philosophy that is shared by 

all true researchers. 

He is one of many Bell Telephone Laboratories 

scientists and engineers who have felt the challenge of 
telephony and have risen to it, ranging deeply into 

science and technology. Numerous medals and awards 

have thus been won. T wo of these have been Nobel 
Prizes, a distinction without equal in any other indus­
trial concern. 

Much remains to be done. To create the com­
munication systems of the future, we must probe deeper 
still for new knowledge of Nature's laws. We must con­
tinue to develop new techniques in switching, trans­
mission and instrumentation for every kind of 
information-bearing signal. As never before, commu­
nications offer an inspiring challenge to creative men. 

LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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radiation energy 

34 

HIGH VOLTAGE ENGINEERING 
NEW KNOWLEDGE about the fundamental nature of matter. 

The 12·Mev Tandem Van de Graaff is helping scientists 
explore this dynamic research area. At the Chalk River Lab­
oratory, Atomic Energy of Canada, Ltd., it is providing new, 
more accurate information in the binding energy range of 
heavy nuclei. Twelve more Tandems are being readied for 
service in leading nuclear physics laboratories in the United 
States, Europe and Australia. 

NEW PROCESSES - The first full-scale commercial application 
of atomic radiation in industry utilizes a High Voltage 
Engineering 7 ·Mev microwave linear electron accelerator. 
At Ethicon, Inc., a division of Johnson and Johnson, this 
"Linac" regularly sterilizes with ionizing electron· beam 
radiation more than 80% of the total output of the world's 
largest producer of surgical sutures. 

A KEY WEAPON in the fight against cancer - a 6-million volt 
microwave linear accelerator for x-ray therapy. The unit, 
scheduled for the Elizabeth Steel Magee Hospital, Pittsburgh, 
will be the first of its type in aU. S. Hospital. More than 25 
High Voltage Engineering 2-Mev Van de Graaff x·ray ma­
chines are now in use for supervoltage therapy in hospitals 
and clinics throughout .the world. 

New particle accelerators from High Voltage Engineering are 
designed to provide controlled radiation energy for Indus­
trial Radiography, Electron-Beam Processing, Physics Re­
search, Cancer Therapy, Radiobiological Research, Radiation 
Chemistry, and Neutron Activation Analysis. 

~ W,i" f" Ii"","". 

HIGH VOLTAGE ENGINEERING· 
CORPORATION 

BURLINGTON, MASSACHUSETTS . U.S.A. 

fore, seems unavoidable that there were 
races of men inhabiting Europe at a 
period when its temperature was alto­
gether different from what it now is." 

"Mr. J. N. Gamewell has exhibited his 
police and fire alarm telegraph in Tam­
many Hall, New York. Its object is to 
convey intelligence from any of a great 
number of stations in a city to a central 
police station, and from this latter to 
any and all stations in an instant; also 
to convey information of a fire to the 
engineer's office, and at the same time 
set all the alarm bells ringing. Supposing 
a city to be laid out with a signal box at 
the corner of each street, and that a fire 
takes place, the policeman on that 'beat' 
turns a small crank in the signal box and 
specific intelligence of the fire is thus 
conveyed to the place where the chief 
operator is located. The latter now 
moves certain keys to close and break the 
galvanic circuit as many times as make 
all the alarm bells strike the number of 
the district where the fire is. There is 
no waiting, as is now the case in cities, 
for the sleepy bell-ringers to take up the 
alarm, one after another." 

"In a recent number of the London 
Mechanics' Magazine there is an ab­
stract of a paper by Professor Faraday, 
F.R.S., in which a detailed description 
is given of the application of the Electric 
Light to the South Foreland Lighthouse. 
He stated as follows: 'The current of 
electricity is obtained from a magneto­
electric machine; neither frictional nor 
voltaic electricity is used. A number of 
powerful magnets are arranged on a 
shaft, and made to revolve near to the 
poles of helices wrapt around a core of 
soft iron. Currents of electricity are thus 
generated, and the wires of the helices 
are connected with a commutator, which 
gathers the various currents produced in 
the helices, and sends them up through 
two insulated wires in the common tide 
of electricity, thence into the lighthouse 
lantern.' " 

"The steamship Great Eastern is be­
ing rapidly prepared for her trial trip 
across the Atlantic, and it is expected 
she will be completed in the beginning 
of next month, so as to accompany the 
Prince of vVales in his visit to our con­
tinent in July. Her proprietors having 
sent word to this city that she would 
come here if it were possible to get her 
into the harbor, the Board of Pilots has 
returned the answer that they will navi­
gate her right straight up to 'Gotham' 
if she does not draw more than 26 feet of 
"vater." 
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Moh wk'�s tt�F coaXials, jacketed ana�insu lated 
"with TENITE POLYETHYLEf\lE� 

For..community television distribll1ing systems in any 
area, Mohawk H-F coaxials do a complete transmission 
j�b, from tower or relay station right into the living room. 

Tenite Polyethylene is used as jacketing and insulating 
material on these cables. It offers all-round high perform- ,; 
ance which gives them long li£e4 �eeps line loss low, and 
permits ease in installation. 

"As a jacketing material. tough Tenite Polyethylene pro­
" vides excellent resistance to abrasion, weathering. mois­

ture, and heat. Users can look forward to years 0"£ maxi­
m'rlm protection. oJ 

As an ins3lating material. Tenite Polyethylene has a 
low power factor. which holds energy losses to a.,imini-

mum. In these Mohawk cables. both solid and foamed 
Tenite Polyethylene are used for primary insulation ... 

the foamed materia} having dh even lower 4jelectric 
constan than the solid, thus making possible a thinner 
insulation with a resulting decrease in cable weight . 
• Linemen find that cable jacketed with lightweight 

", '
Tenite Polyethylene is easy to handle and strip and is 
flexible even qt sub-zero temperatures. 

There is a formulation of Tenite Polyethylene to meet 
the dematds of most insulating and ja(!keting applica­
tions. For further information on this useful plastic, write 
EASTM,AN CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Ko�ak Company. KINGSPORT, TENNESSEE. 

• Both.natural and black electrical grade Tenite Polyethylene are 
available to cable man ufacturers as unique spherical pellets which 
flow freely in the extrusion process and in "air-veying" bulk ship­
ments from truck to bin. POLVETH¥ L.t=:NE • Cable manufa'&tured by Mohawk Wire & Cable Corporation, 320 
River Street, Fitchburg, Massachusetts. Jacketing and insulation ex­
truded of Tenite Polyethylene. an Eastr:n.an plastiC 
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Faster production and up to 40% cut in polishing costs are made 

possible by superfine-grain structure of Formbrite® Drawing Brass 

The jeweler's finish which Accurate Forming Corp., Frank­
lin, N. J., gives pen caps and barrels previously meant the 
use of five polishing heads and a time bottleneck in produc­
tion-resulting in a high polishing "cost factor." After switch­
ing to Red Brass-Formbrite, they use two polishing heads 
for a light cut and another for a simple color buff and run 
the machines faster. Savings run up to 40%. The secret of 
Formbrite is its superfine grain, produced by special rolling 
and annealing techniques. Formbrite is springier, harder, 
more scratch-resistant than the usual drawing brasses in the 
same standard tempers, yet retains remarkable ductility for 
forming and drawing. Despite its superiority, Formbrite 
costs no more than ordinary drawing brass. Get full details 

from your Anaconda representative or write: The American 
Brass Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Onto 5950 

FORMBRITE 
SUPERFINE-GRAIN DRAWING BRASS AN 

o 
product made by The American Brass Company 
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.. 
space 

can be 
expensive 

.. 

in instrumentation tape recorders, 

as anywhere else, 

space costs money 
PRECISION recorders save money. They offer 

full-size performance, in less than 1,4 the space ... 

they use less power ... they cost less to operate 

and maintain ... and they cost less initially. 

They give you flexibility, for rack mounting or 

portable use, with up to 14 channels of analog 

or 16 channels of digital solid-state electronics. 

Write for detailed new brochure 55A. 

-'PP-- PRECISION INSTRUMENT COMP :N� � 1011 COMMERCIAL STREET • SAN CARLOS • CALIFORNIA 

� 
Phone lYlel1 1-4441 • TWX, S CA R  BE L 30 

, REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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wheels that speak 
with international 
good taste 

Working closeiy with the 

automotive industry for over fifty 

years, Kelsey-Hayes has pioneered 

many major advances in wheel 

and brake design. Among the 

most recent is the new integral 

cast-aluminum hub and drum, 

wherein the braking surface is 

provided by a special iron liner 

metallurgically bonded in place. 

Exposed to the air-stream, 

through a specially designed steel 

wheel, its ribbed aluminum 

structure affords maximum 

cooling for uniform, 

fade-free brake performance 

and greatly extended life. 

Kelsey-Hayes Company, 

Detroit 32, Michigan. 

KELSEY 
HAVES 
©@[]!AJ�ffilliJW 
Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 

18 PLANTS: DetrQit and Jackson, Michigan; 
Los A ngeles; Philadelphia and McKeesport, 
Pennsylvania; Springfield, OhiQ; New Hartford 

�tt�:���'O';;�:rro�r���c:t:�port. Iowa; 

© 1960 SCIENTIFIC AMERICAN, INC



UNUSUAL 

_ . _ . . . _a.�.your §ervice.on a contract basis. Here, at ELGIN 
MrCRONICS, you'll find the specialized skills and talent 

you need to help keep critical projects moving ... we're 

especially familiar with work involving high precision or 

difficult size and weight limitations . All of our people 

are thoroughly experienced in meeting military require­

ments and reliability is our long suit. 
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ANTENNAS INTEGRATED WITHIN PLASTIC PRIMARY STRUCTURES 
Our design engineers are now 
totally integrating all communica­
tions, telemetry and navigational 
antennas and reflectors within pri­
mary s t r u c t u res. A l r e a d y  f u l l y  
tested and i n  actual use, these plas­
tic (honeycomb and foam sandwich; 
solid laminated) primary structures 
with plastic skins do not interfere 
with reception or transmission units 
hidden inside. All-plastic fins, wing 
tips and other assemblies for air-

craft and missiles give a highly effi­
cient weight-strength ratio, while 
providing aerodynamically clean 
lines that are unbroken by stubs or 
ports. The marriage of plastics and 
antennas is a capability developed 
and advanced by Brunswick as a 
result of many years experience 
with aircraft and missile problems. 
For every new primary structure 
problem, Brunswick draws on its 
vast reservoir of knowledge gained 

through this experience. Brunswick 
can not only construct entire, inte­
grated units, but can provide com­
plete in - house design and testing 
for unique components that will 
meet the most rigid specifications. 
Can Brunswick help you? Investi­
gate! Take time right now to call 
or write: The Brunswick-Balke­
Collender Company, Defense Divi­
sion Sales Manager, 1700 Messler 
S t r e e t, Mu s k e g o n ,  Mi c h i g a n  . 

• BRUNSWICK 
MAKES YOUR IDEAS WORK 
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water -lubricated GRAPHITAR� 
(CARBON-GRAPHITE) 

bearings in "canned" motor pumps 

give exceptional performance in 

h ig h - pressu re, h ig h temperatu re 

Special hermetically sealed motor-pumps, known 
also as "canned" motor pumps, were developed 
by WestLlghouse Electric Corporation to handle 
radioactive water with zero leakage. These same 
pumps have proven a convenient means of pump­
ing high temperature fluids for a number of 
nuclear reactors and other high pressure, high 
temperature fluid applications. 

The thrust bearing utilized in the "canned" motor 
pump is a self-equalizing, water-lubricated, 
pivoted-pad bearing with inserted GRAPHITAR 
bearing surfaces. The radial sleeve bearings are 
also made of GRAPHITAR and are designed to 
be lubricated by the pumped fluid only . . .  in 
the case of pumps used in nuclear reactors, only 

fluid systems· 

radioactive hot water is employed as lubrication. 

GRAPHITAR is utilized extensively in tough 
applications because of its many unusual proper­
ties. It is non-metallic, resists chemical attack, has 
self-lubricating properties, a low coefficient of fric­
tion, is mechanically strong, hard as steel and 
lighter than magnesium. GRAPHITAR will not 
warp and shows no expansion or contraction in 
extreme temperature changes. 

This versa t i l e  engineering m a t erial, 
GRAPHITAR, may well solve one of your 
difficult  design problems. For further in­
formation on GRAPHITAR and its many 
ap p lications, send for our engineering 
manual No. 20. 

R-266-1 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WI CKES COR P OR ATION, SAGIN AW 6, MICHIGAN 

GRAPHITAR® CARBON-GRAPHITE • GRAMIX® POWDER METALLURGY • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 
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Sonar student takes his training 
on a simulated sea-

with magnetic tape SEAPRINTS 

TODAY'S STUDENT SONARMAN is certain of his 

skills long before he gets his sea legs. He meets 

his tests in an electronic classroom based on dry 

land-and his tutor is a sonar console and a reel 

of magnetic tape. 

Seaprints-magnetic tape recordings of prob­

lem situations encountered at sea - are pre­

taped as problems occur. These are combined 

in turn on a magnetic tape master. The one-inch 

master tape carries as many as 70 multiplexed 

electronic signals-13 tracks of data, plus one 

audio track of the sonar instructor's voice. 

When the master is played into the sonar 

console at the training center, the signals on it 

reconstruct the problems just as they occurred at 

sea. The sonar student thus 

gai", expoei"" in ,olving $' 
actual problems he will en- In, c�unte

.
r at

. 
sea-and perfects ;, \�. 

hiS skills III the classroom." -� 
I 
., 

� o· 
The advantages of the e1ec- �, � "., 

��; �. �� tronic classroom are many 

and manifest. Without call­

ing ships into service, more 

sonarmen can get better 

training in less time-and at 

less cost. 

Versatile "SCOTCH" BRAND Magnetic Tape for 

instrumentation is one of the few media that 

could perform this vital service-and this train­

ing program is but one of the ways "SCOTCH" 
BRAND Tapes now serve the future. The first prac­

tical magnetic tape devised, "SCOTCH" BRAND 
Magnetic Tape controls industrial automation, 

helps the scientist explore earth, sea and space 

-and remains the leader as newer, more sensi­

tive tapes are developed for science, business 

and industry. For details on tape constructions 

that can serve your needs, write Magnetic Prod­

ucts Division, Dept. MBO-50, 3M Co., 900 Bush 

A venue, St. Paul 6, Minnesota. © 1960 3M Company 

"SCOTCH" is a registered trademark of 3M Company, SI. Paul 6. Minnesota. 

Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 

SCOTC"N BRAND MAGNETIC TAPE 
FOR INSTRUMENTATION 

I-L4!!.� �.::..::.� 

MINNESOtA MINING AND MANUfACTURING COMPANY �\ 
••• WHERE RESEARCH IS THE KEY TO TOMORROW �� 
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This is Robinson Model W664-3 with the 

Collins AN/ URC-32 single sideband shipboard 

transceiver installed. This all-metal mounting 

system includes a heavy duty, dual stage base 

and a stabilizer unit which is mounted on the rear 

of the equipment. 

Exclusive d u a l  stage concept and h igh ly 

damped MET-L-FLEX® resilient cushions assure 

the full range of vibration isolation and shock 

attenuation-double protection for extra relia­

bility! Send for FREE brochures. 

VIBRATION CONTROL IS RELIABILITV CONTROL 

ROBINSON 7�P�cJl2/J 
TETERBORO, N .  J .  

Formerly ROBINSON AVIATION INC. • West Coast Engineering Office: Santa Monica. Calif. 
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TOTAL FIELD 
2X POWER I 
ANGLE (EDGE TO 

OPTIONAL SEALING DOME 

PROVIDES GAS TIGHT SEAL 
ON HOT SIDE OF CELL WALL 

LINE OF SIGHT 
ALWAYS PARALLEL 
TO EYEPIECE BARREL 

Kollmorgen instruments are bridges 
between the eye and the invisible 

Danger of radioactive contamination prevents a 
contiguous close look at many vital operations and 
processes. Kollmorgen remote viewing equipment 
lets you see with complete safery and maximum 
freedom of observation. 

Kollmorgen designs and manufactures more 
remote viewing and inspection equipment for use 
in "hoc'· labs and reactors than any other company. 
Wall periscopes, underwater periscopes, micro­
photo periscopes, continuous strip fuel-inspection 

BII-JOCULAR EYEPIECES WITH 
INTEROCULAR ADJUSTMENT 
AND Ir-JDIVIDUAL fOCUS 

cameras and similar equipment by Kollmorgen 
have been installed in almost every major nuclear 
installation on the North American continent. 

Kollmorgen is foremost in the design, develop­
ment and manufacture of mechanically and elec­
tronically controlled optical instruments and 
systems for industrial and defense applications. 

Write on your company letterhead for a copy 
of our new twenry-four page facilities brochure. 
Your copy will reach you by return mail. 

�OLLMORGEN o optical corporation C NORTHAMPTON. MASSACHUSETTS 

NUCLEAR REMOTE V I EWI N G  EQUIPMENT • S UBMAR I NE 

P E R ISCOPES • OPTICS • BO R E S  C O P E S  • MO TION 

PICTURE AND TELEVISION LENSES • PRECISION OPTICAL 

INSPECTION AND ALI GNMENT DEVICES • ELECTRONIC 

CONTRO L S  ANO COMPONENTS . NAVIGATIONAL AI DS 

WESTERN TECHNICAL REPRESENTATIVES­

COSTELLO & COMPANY, LOS ANGELES. CALIFORNIA. 
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COTTOK-UNEN WASH-N-WEAR DEU(;ATE BLANKETS ... WOO LEN3 

Automating the Automatics 
TUNES IN EVERY FABRIC'S FAVORITE WASHDAY PROGRAM 
AFTER nine years' steady growth, the simplicity 

.Ii.. of the automatic washer was being threat­
ened by new fabrics that required special han­
dling. Warning tags said, "Wash with Care," "Do 
not Agitate," "Hand Wash Only." Delicate fab­
rics needed gentle agitation. Wash 'n wear items 
required cold rinsing and slow spinning. 

Controls Company of America (long creators 
of timers, solenoids, etc., for the appliance in­
dustry) introduced the complete answer to sim­
plify control of the multi-fabric washer. It was the 
Cycle-Set Power Timer, which makes it possible 
for the housewife to pick the right wash cycle for 
any fabric simply by pushing a single button. 

... ..... CREATING CONTROLS FOR TIME. TEMPERATURE. FLOW. MOTION 

CONTROLS COMPANy .... OF AMERICA 
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ON THE GROW BECAUSE ... 

ANTICIPATING THE NEED .•• 

If you're interested in the kind of 

ideas that make a company tick, 

and thrive, you'll want to know the 

other side of the story of our Cycle­

Set Power Timer. 

IT ILLUSTRATES our concept of 

our job. We aim to build "functions" 

-not just components. We aim to 

bring our customers an easy way to 

put simplification and sales appeal 

into their own products. 

THE PACE OF PROGRESS is 

rapidly outmoding "do-it-yourself" 

control assembly. Our approach is 

based on the premise that control 

progress can best be served through 

specialization and concentration in 

terms of both engineering talent 

and financial investment. 

THE NEED IS APPARENT for 
a company which can supply such 

integrated control systems. "Con­

trol-systems" thinking is just one 

part of a continuing story of how 

CC faces the future in controls for 

time, temperature, flow and motion. 

One of the reasons why Controls 

Company of America is a company 
on the grow. 

CONTROLS 

COMPANY 

OF AMERICA 

Executive Offices: SCHILLER PARK, ILL. 

APPLIANCE AND AUTOMOTIVE DIVISION 
SCHILLER PARK, ILLINOIS 

CONTROL SWITCH DIVISION 
FOLCROFT, PENNSYlVANIA 

HEATING & AIR CONDITIONING DIVISION 
MILWAUKEE, WISCONSIN 

REDMOND COMPANY, INC., OWOSSO, MICHIGAN 
Fractional Horsepower Motors 

SOLID STATE elECTRONIC CONTROLS, INC. 
TEMPE, ARIZONA 

CONTROLS COMPANY OF AMERICA 
(CANADAI LTD. 
COOKSVILLE, ONTARIO 

CONTROLS AG, lUG, SWITZERLAND 

CONTROLS MAATSCHAPPIJ EUROPA, N.V. 
NIJMEGEN, HOLLAND 

CONTROLS AUTOMATICOS SERMAR, LTDA. 
SAO PAULO, BRAZIL 

THE AUTHORS 
ROBERT JASTROW ("The Explora­

tion of the Moon") is chief of the Theo­
retical Division of the National Aeronau­
tics and Space Administration and chair­
man of the N.A.S.A. Lunar Explorations 
Working Group. He graduated from 
Columbia College in 1945 at the age of 
19, and three years later acquired his 
Ph.D. in physics at Columbia University. 
After a postdoctoral fellowship at the 
University of Leiden in the Netherlands, 
he spent a year at the Institute for Ad­
vanced Study in Princeton, N.J., and 
then became a research associate in nu­
clear physics at the University of 
California. In 1953 and 1954 he was 
assistant professor of physics at Yale 
University, and from 1954 to 1958 he 
was a consultant to the Naval Research 
Laboratory in Washington. He also 
worked on the Navy's Vanguard satellite 
project, and some three years ago he 
switched from nuclear physics to space 
studies. Jastrow comments that in Janu­
ary, 1959, Harold C. Urey of the Uni­
versity of California at La Jolla delivered 
two lectures to the N.A.S.A. Theoretical 
Division and "opened our eyes for the 
first time to the scientific importance of 
the moon, leading us to make lunar 
studies an important part of our theoreti­
cal research-program." 

RHODES W. FAIRBRIDGE ("The 
Changing Level of the Sea") is professor 
of geology at Columbia University. A 
native of Australia, he attended the 
Bedales School in England from 1926 to 
1932, and then went to Queen's Univer­
sity in Kingston, Canada, where he ac­
quired his B.A. in 1936. He received a 
Rhodes bursary, and in 1940 took his 
B.S. degree at the University of Ox­
ford. From 1942 to 1946 he served in the 
Royal Australian Air Force, and in 1944 
he took his Doctor of Science degree at 
the University of \>\Testern Australia, 
where he specialized in tectonics and 
sedimentation. After teaching for several 
years at the University of vVestern Aus­
tralia, Fairbridge joined the Scripps In­
stitution of Oceanography's Capricorn 
expedition of 1952 and 1953 to study 
the oceanography of the South Pacific. 
He was on the faculty of the University 
of Illinois in 1953, and spent the next 
year at the Scripps Institution. In 1955 
he went to Columbia. 

SEYMOUR LEVINE ("Stimulation 
in Infancy") holds a fellowship from the 

Foundations Fund for Research in Psy­
chiatry, and is presently working with 
Geoffrey W. Harris, neuroendocrinolo­
gist at the Institute of Psychiatry of the 
University of London. A native of Brook­
lyn, N.Y., Levine took his B.A. at the 
University of Denver in 1948 and his 
Ph.D. at New York University in 1952. 

ALBERT L. LEHNINGER ("Energy 
Transformation in the Cell") is DeLamar 
Professor of Physiological Chemistry and 
director of the Department of Physio­
logical Chemistry at the Johns Hopkins 
School of Medicine. He was born in 
Bridgeport, Conn., in 1917. In 1939 he 
acquired his B.A. at Wesleyan Univer­
sity, and in 1940 and 1942 he received 
his M.S. and Ph.D. degrees from the 
University of Wisconsin, where he 
served as an instructor until 1945. From 
1945 to 1952 he was on the biochemistry 
faculty at the University of Chicago. In 
1951 he was exchange professor at the 
University of Frankfurt, and in 1951 and 
1952 he held a Guggenheim fellowship 
and served as a Fulbright research pro­
fessor at the University of Cambridge. 
He went to Johns Hopkins in 1952. 
Lehninger was elected to the National 
Academy of Sciences in 1956. He dis­
covered in 1948 that the mitochondria 
are the site of oxidative phosphorylation, 
which is the main mechanism by which 
the energy of respiration is stored. 

ALOHA HANNAH-ALAVA ("Genet­
ic Mosaics") is a research associate in 
the newly created Genetics Institute of 
the University of Turku in Finland, her 
husband's native country. Born Aloha 
Hannah in Big Timber, Mont., she took 
her B.A. at Montana State University, 
her M.A. at the University of Oklahoma 
and her Ph.D. at the University of Cal­
ifornia. Before going to Finland she had 
been associated in research with the 
noted geneticists Richard B. Gold­
schmidt, H. J. Muller and Curt Stern. 
At the Genetics Institute of the Univer­
sity of Turku she is studying mutation 
on a grant from the International Atomic 
Energy Agency. 

LEONARD I. GROSSWEINER 
("Flash Photolysis") has since 1957 
been associate professor of phYSics at the 
Illinois Institute of Technology. He was 
born in Atlantic City, N.J., in 1924 and 
studied chemical engineering at the Col­
lege of the City of New York. After serv­
ing two years in the Army, he acquired 
his bachelor's degree in 1947. In the 
same year he joined the staff of the Ar­
gonne National Laboratory, where he 
remained until 1957. He received his 
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CONTROLLED THERMAL ENVIRONMENT 

prior to launch is vital to the flight success of a 

multi-million dollar missile. In many other 

industries, controlled heat is just as important. 

HITCO Electric Blankets are designed to pro­

vide safe, reliable control of temperatures in a 

wide range from _650 to + 2200°F. HITCO R&D 
is now developing electric blankets which will 

be capable of controlling ultra-high tempera­

tures beyond the 2200°F range. 

HITCO Engineers are capable of designing 

and manufacturing a complete Electrica l  

Blanket System t o  meet your required environ­

ment. Such a system would include custom­

designed blanket, connectors, thermostats and 

complete electrical controls. 

Can or write us today! 

CUTAWAY VIEW. Shows 
Heating Element o f  
H IlCO Electric Blanket 
-s e a l e d  b e t w e e n  
cover and inner cover. 

���� 
HONEYCOMB PANEL 
BRAZING. New HITCO 
Electric Blanket braz­
ing technique provides 
faster, more reliable 
means of fabricating 
honeycomb structures. 

T YPIC A L  ElEC T R IC 
BL ANKET. This is a 
HITCO "form·filting" 
Blanket used to control 
temperature of hydro­
gen peroxide tank. 

INOUSTRIAL ELECTRIC 
HEATING ELEMENTS. 
HIlCO Electric Heating 
Elements can be pro­
vided for a variety of in­
dustrial uses where a 
controlled thermal en­
vironment is required. 

iii 
Write for Products Bulletin No. PB 7-4. Our 
Engineers will be glad to consult with you, without 
obligation, regarding your Electric Blanket a�d 
Electric Element needs. rr::==,® 
H. I. THOMPSON FIBER GLASS CO. 

1733 Cordova Street· Los Angeles 7, California • REpublic 3-9161 
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M.S. in 1950 and his Ph.D. in 1954, both 
at the Illinois Institute of Technology. 

MILTON HILDEBRAND ("How 
Animals Run"), associate professor of 
zoology at the University of California 
campus in Davis, Calif., is at present 
spending some months in England visit­
ing British anatomists and writing. He 
was born in Philadelphia in 1918, 
and decided at the age of six that he 
wanted to be a zoologist. "As a boy," he 
reports, "I collected skeletons. My pri­
vate teaching 'collection now includes 
about 1,000 specimens from all over the 
world." He took his B.A., M.A. and 
Ph.D. degrees at the University of Cal­
ifornia; "this scholastic in breeding," he 
says, "is largely responsible for my pres­
ent study in England." During World 
War II he was an officer in the ski troops, 
and taught skiing, winter warfare, rock­
climbing and mountain combat. During 
the Italian campaign he served as a bat­
talion pack officer in charge of mule 
transport in the Apennines. 

MEIR YOELI ("Animal Infections 
and Human Disease") is associate pro­
fessor of preventive medicine at the New 
York University School of Medicine. He 
was born in 1912 in Lithuania, and from 
1928 to 1934 studied biology and medi­
cine at the University of Kaunas there. 
In 1934 he emigrated to Palestine, and 
served until 1938 at the Malaria Re­
search Station of the Hebrew University 
in the Galilee. He then spent two years 
studying medicine and tropical medicine 
at the University of Basel, where he re­
ceived his M.D. degree, and at the Uni­
verSity of Padua. During World War II 
he served with the British forces as a 
lieutenant colonel in charge of a malaria 
and tropical-disease field laboratory. He 
returned to Palestine to lecture at the 
Hebrew University, and in the 1948-49 
war in Israel he was commanding officer 
of the department of preventive medi­
cine of the Israeli forces. From 1951 to 
1953 he was a visiting investigator at the 
London School of Hygiene and Tropical 
Medicine and at the Rockefeller Institute 
in New York. He lectured in South Afri­
ca in 1954, and since 1956 he has held 
his present position at the New York 
University Medical Center. 

LORD ADRIAN, who in this issue 
reviews Speech and Brain-Mechanisms, 
by Wilder Penfield and Lamar Roberts, 
is Master of Trinity College at the Uni­
versity of Cambridge. A noted physiolo­
gist, he was awarded a Nobel prize in 
physiology and medicine in 1932. 
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LIFEGUARD STATION 
for a man in space 
The vital Cape Canaveral nerve center for Project Mercury, the U.S. program to put a man in 
space, is being designed and built by Stromberg-Carlson-San Diego. Display information 
about the Hight will be fed to the operations room from computers and from a world-

wide network of tracking and telemetry stations. One wall of the 40 by 60 ft. 
operations room will be a large map display, visually summarizing all pertinent 
information about the Hight. It will show the capsule moving along its orbital 

Hight path around the earth and will also show the location, range and status 
of all ground based equipment and communications links. The operations 

room will contain display consoles presenting information to the Flight 
Director, Chief Flight Surgeon, Capsule Communicator, Flight 
Dynamics Officer and other decision-making personnel. For 
information on how Stromberg-Carlson-San Diego can help 
solve your datal display problems, write to Department 
A-42, 1895 Hancock Street, San Diego 12, Calif. 
Telephone CYpress 8-833l. 

STROMBERG-CARLSON-SAN DIEGO 
A D'V'S'ON OF GENERAL DYNAMICS CORPORATION 
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\ @J@a7C#�-20 
the new data processin,q system with 

the ORGANIZATION CHART concept 
"Organization Chart" design in the Bendix G-20 means far faster, more efficient proc­

essing of scientific and business problems_ The reason is clear: 

The electronic manager of every data processing system is a computer. But most are 

poor "bosses" because they cannot delegate authority, or even supervise more than 

one operation at a time. Many computers run operations as complex as your own busi­

ness, but with an inefficiency that you would never tolerate. Bendix engineers saw this 

shortcoming, and turned for a solution to the organization chart common to any well­

managed business. 

The G-20 Central Processor, or computer, has a staff of well-taught subordinates that 

can take instructions from the "boss" and go to work on their own, directing the workers 

that perform such tasks as reading punched paper tape and cards, looking up data on 

magnetic tape, and printing results. The "boss" can direct numerous subordinates, and 

without human intervention, schedule the work for each, making sure the most impor­

tant work is done first. While the subordinates handle the details, the Central Processor 

is free to do the all-important computing. 

This "organization chart" delegation of authority means several operations may be 

performed simultaneously, and with a minimum of equipment. The results? Call it 

"low cost per operation", or "just plain efficiency", but it is all the same • • .  the Bendix 

G-20 gives you more performance per dollar than any other data processing system. 

The actual performance specifications listed at the right show the tremendous speed 

and power of the G-20. Components and design are the most modern in the industry 

today. System sizes can vary from a medium-scale system to a very large system with 

remote on-line or off-line sub-systems. Write for complete descriptive literature. 

BENDIX AVIATION CORR, COMPUTER DIVISION Dept.C25,Los Angeles 45, California 

SPECIFICA TlONS: 

MEMORY: Core, to 32,768 words 

in 4096 word modules. 

E XECUTE +: 7 "'s. avg., fix ed 

point, one-word precision. 13 
",s. avg., floating point, one­

word precision. 

EXECUTE X: 49 ",s. avg., fixed 

point, one· word precision. 49 
ps. avg., floating point, one­

word precision. 

ARITHMETIC: Built-in floating 

pt., 12 dec. digit precision. 

CI RCU ITRY: Solid-state; paral­

lel; 2.5 kva. 

PROGRAMMING: Symbolic as­

sembler or algebraic compiler. 

INPUT/OUTPUT: 165,000 char./ 

second max., asynchronous. 

MAGNETIC TAPE: 120,000 deci­

mal digit/second read-write. 

·LINE PRINTERS: 600 lines 
per minute. 

PUNCHED TAPE: 500 or more 

character/second readers. 100 
or more c h a r a cter/second 

punches. 

PUNCHED CARDS: Standard 

high-speed 80 column units_ 

CONTROL BUFFERS: 1024 char­

acter memory for data and 

commands. Controls transmis­

sion on-line or off-line. 
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A. Multi pie layers of neoprene adhesive 

(supplied by Armstrong Cork Co.), 

and neoprene sheet stock (supplied 

by Rubber Millers, Inc.) 

B. Phenolic resin plastic 

C. High tensile aluminum alloy 

D. Special heavy aluminum oxide film 

(running surface) 

E. Spring steel "L" edge 

F. Fir plywood 

NEW SKIS ENGINEERED FOR HIGH-SPEED CONTROL 
Famous Head Skis, first to be engi­
neered of metal and plastic, are known 
the world over for reliability and pleas­
urable skiing. Recently Head Ski Com­
pany introduced a specialized design 
for the faster skier. Called VECTOR, 
this new design is based on the prop­
erties of versatile Du Pont neoprene 
synthetic rubber. 

The VECTOR uses multiple layers 
of neoprene adhesive and neoprene 
sheet to kill ski vibration_ Flexible 

neoprene permits an engineered degree 
of twist, and produces a subtle tend­
ency for the new ski to "snake," closely 
hugging the terrain. The result-for the 
faster skier, remarkable stability and 
control on hard snow and ice. 

Head's engineers worked closely 
with their rubber suppliers, Armstrong 
Cork Co. and Rubber Millers, in select­
ing the elastomer used in the VECTOR. 
They specified Du Pont neoprene for 
its balanced combination of properties. 

SYNTHETIC RUBBER 
NEOPRENE HVPALON® VITON® ADIPRENE® 

DU PDNT SYNTHETIC RUBBER MAKES TODAY'S PRODUCTS BETTER • • •  
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Neoprene not only remains flexible at 
low temperatures, but also has excep­
tional mechanical strength, elasticity, 
low set characteristics, and resistance 
to natural aging. From skis to skin­
diving suits, curtain wall gaskets to 
collapsible containers, versatile neo­

prene can help you improve existing 
products and design new ones. E. L 
du Pont de Nemours & Co. (Inc.), 
Elastomer Chemicals Department 
SA-S, Wilmington 98, Delaware. 

([(JP08J) 
'IEG, u.s.,,,,.o,r. 

Better Things for Better Living 
• . .  through Chemistry 

TOMORROW'S PRODUCTS POSSIBLE 

© 1960 SCIENTIFIC AMERICAN, INC



is experienced 

... in Rodor 

Surveil/once Systems 

The eye was man's first instrument of 
surveillance. Its most unique character­
istic is the ability to distinguish mov­
ing objects. 

LFE, a pioneer in motion detection by 
radar means, is prime contractor for a 
new Ground Control Approach System 
for tactical air traffic control. Now in 
production, it exemplifies the latest in 
lightweight, portable GCA equipment. 

This is an illustration of LFE's interest 
in radar techniques with continued 
emphasis on motion detection. Such 
techniques are having an evolutionary 
influence on military and industrial 
systems. 

Further details about LFE Radar Sur­
veillance Systems may be had by writ­
ing the Vice President of Marketing. 
Ask for Technical Data Digest 
No. 6021. 
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x - RAY DIFFRACTION AND SPECTROSCOPY EQUIPMENT 

for analysis of the lighter elements 

Especially suited to the X-ray spectro-chemical analysis 

of elements below atomic number 22, RCA's new Vacuum 

Spectrometer permits the use of three samples at one 

time. Samples-powders or solids-can be moved in and 

out of the vacuum path without breaking vacuum. The 

need for helium is eliminated, but air or helium can be 

used when desired. A flange connects the sample chamber 

directly to the X-ray tube, making higher intensities 

possible, and eliminating the need for a second beryllium 

window. From a cold start the recommended vacuum of 

O.lmm or 100 microns can be reached in less than two 

minutes. Designed primarily for the analysis of lighter 

elements, the Vacuum Spectrometer can be used to advan­

tage with heavy elements to give higher intensities. 

The Vacuum Spectrometer is one of a wide range of 

attachments and accessories available for RCA X-Ray 

Diffraction and Spectroscopy equipment which contribute 

to its extreme flexibility of application. Installations 

already made in some of the nation's leading research 

laboratories are demonstrating the efficiency, technical 

excellence and versatility of these instruments. 

Installation supervision and contract service for RCA 

Electron Microscopes and X-Ray Diffraction and Spec­

troscopy Equipment are available through the RCA 

Service Company. 

For details on the new Vacuum Spec­
trometer or RCA's full line of X-Ray 

Diffraction and Spectroscopy equipment, 

write to RCA, Dept. G-111, Building 15-1, 
Camden, New Jersey. 

The Most Trusted N arne in Electronics 
RADIO CORPORATION OF AMERICA 
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Vacuum Spectrometer and a Diffractometer mounted on 
Crystalloflex IV and connected to Electronic Circuit Panel 
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WHAT WAS SINGER DOING AT CURTISS-WRIGHT? The development of flight simulators for military and 

commercial aircraft is a fine art at Curtiss-Wright. In simulator training, the accurate reproduction of the variables 
of actual flight conditions calls for servomotors-a range of electromechanical components-of optimum reliability. 

A long time supplier to Curtiss -Wright Electronics Division and other military engineering teams, 

. Singer Mifitary Products Division, has precisely the research capability and production experience to meet 

such exacting requirements. A division of The Singer Manufacturing Company, SMPD is composed 

of three units, Singer-Bridgeport, Diehl Manufacturing Company and HRB-Singer. 

A comprehensive brochure describing SMPD engineering and production facilities is yours for the asking. 

i The s,:::�!�:.!:��T:'::':;R�:'!.:::w':::!:��,� 6. N. Y 

SINGER-BRJDGEPORT • DIEHL · HRB-SINGER 

*A Trademark of THE SINGER MANUFACTURING COMPANY 

SINCER.* 

Fa 
i!I 
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THOR 

MACE 

TITAN 

HAWK 

ATLAS 

SNARK 

NIKE B 

BOMARC . 
NIKE ZEUS 

SPARROW I 

SPARROW II 

SPARROW III 

NIKE HERCULES 

SIDEWINDER 

REGULUS II 

VANGUARD 

REDSTONE 

JUPITER C 

PERSHING 

BULL PUP 

MERCURY 

POLARIS 

CORVUS 

FALCON 

"b Oesigns Assembly Sovings InTo 
Criticol MinioTure /InsTrument Boll Beorings./ 

Helping customers simplify instrument assembly is a 
specialty of the N/ D engineering group. How? Through 
creative Miniature/ Instrument boll bearing application 
and design. Often, a new boll bearing design will pro­
duce assembly savings in excess of its additional costs. 
Integral boll bearings, too, very often cut down difficult 
and costly hand assembly of shaft and ports. 

A timely example of N/ D customer assembly savings 
can be seen in Nike Ajax and Hercules missile ground 
support. Here, special N/ D Instrument boll bearings are 
now used in precision potentiometers. New Departure 
engineers recommended eliminating two single row 
instrument bearings, mounted in duplex and requiring 
precision spacer and separate guide roller. They 

, • 

replaced this assembly with a special N/ D double row 
high precision instrument boll bearing with integral 
outer race guide roller . .. and shaft mounted with a 
nut. This one recommendation produced cost savings 
of over 400%' In turn, the customer was able to reduce 
the potentiometer selling price to the government. 
Whot's more, the New Departure Instrument Boll Bear­
ings improved potentiometer reliability, 

You can look to minimum assembly costs and unsur­
passed reliability. Include an N/ D Miniature/ Instrument 
Bearing Specialist in your early design level discussions. 
For immediate information or assistance, call or write 
Department L.S., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 

NlINIATURE BALL BEARINGS 

proved rei/abIlity you can bUIld around 
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TIROS WEATHER SATELLITE IN ORBIT 
Allied Research System Key To Interpretation 

With the launching of TIROS, the United States makes a significant 
contribution to world meteorology. Satellite telemetered pictures 
are being studied for potentially useful weather forecasting information 
by scientists from key governmental activities and Allied Research. 

Allied Research assisted in training personnel at the data gathering 
stations which transform satellite data with photogrammetric grids to 
cope with problems produced by the spin and orbital motion of the . 
satellite and by the curvature and rotation of the earth. In this procedure 
scientists employ methods developed by Allied Research. 

Meteorological interpretation and techniques for transmission of TIROS 
data are other areas in which Allied Research contributes. 

Creative scientists at Allied Research are probing many areas of 
meteorology, studying infrared satellite observations, upper atmospheric 
soundings and radar surveillance. 

Characteristically, Allied Research works on the frontiers of knowledge 
and would welcome inquiries from well qualified technical people. 
who wish to join its expanding team. Contact Personnel Manager, Allied 
Research Associates, Incorporated, 43 Leon Street, Boston 15, Mass.. 

Solving the puzzles of Meteorology 

Allied Research work done under contract to 

Geophysics Research Directorate of the Air Force Cambridge 

Research Center. TIROS project sponsored by NASA. 

ALLIED RESEARCH ASSOCIATES, INC. 
43 LEON SrREET. BOSTON 15, MASSACHUSETTS· GARRISON 7-2434 

A BOEI/vG SUB SID I A R V 
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More than 6,000,000 homes are 
reliably served by oil burners 
equipped with Sundstrand fuel units 

� turers, dealers, and fuel oil suppliers 

who build, install, and service oil 

burners throughout America. 

An estimated 9 billion gallons of fuel 

oil are pumped each year through the 

nozzles of more than 6,000,000 oil burn­

ers equipped with Sundstrand fuel 

units. 

The ability of modern oil burners to 

perform reliably with little or no main­

tenance is a tribute to the manufac-

SUNDSTRAND 

The record of dependable operation 

established by domestic oil-fired heat­

ing systems is backed by the reliable 

performance of Sundstrand fuel units 

... fuel units that each year pump fuel 

oil from the storage tanks to the oil 

burners of more than 6,000,000 Ameri­

can homes. 

Other products of Sundstrand Rely­

Ability include: industrial hydraulic 

components and systems ... machine 

tools and accessories ... packaging 

machinery ... hydrostatic transmis­

sions • • .  aircraft and missile systems 

and components . • .  and a wide range 

of small tools and specialty equipment. 

CORPORATION 
ROCKFORD, ILLINOIS 
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SPLIT 

New Hamilton Standard monitoring system 

will resolve hundreds of variables into 

one simple lIyes" or IIno" ANSWER 

ANSWER is initialese for AdmonitOry Notification 
System With Electronic Readout. It is an advanced 
GO, NO-GO system that will monitor any number of 
variables, such as temperature, pressure, speed, flow, 
voltage, and resolve them all into a simple "yes" or 
"no" answer to the question: is everything working 
as it should? 

ANSWER will fill an urgent need in missile check­
out, laboratOry test systems, aircraft safety control-in 
fact, wherever the burgeoning complexity of equip­
ment or systems is becoming tOO much for man. 

HamiltOn Standard's work with the ANSWER system 
and other projects in the flight control and static 
power conversion areas of electronics is representa­
tive of the company's widely diversified interests and 
expanding skills. Long known as the foremost pro­
ducer of propellers in the world, HamiltOn Standard 
today is a dynamic engineering force in many other 
fields. These include engine controls, starters, hy­
draulics, environmental conditioning systems, ground 
suppOrt equipment, solar power generation, and elec­
tron beam process equipment. 

HAMILTON 
STANDARD 

DIVISION OF 
UNITED AIRCRAFT CORPORATION 

WINDSOR LOCKS, CONNECTICUT 
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Gilbert Lewis . . .  on practical aiD1s 

"The scientist is a practical man and his are practical 
aims. He does not seek the ultimate but the proximate. 
He does not speak of the last analysis but rather of the 
next approximation. His are not those beautiful struc­
tures so delicately designed that a single Haw may cause 
the collapse of the whole. The scientist builds slowly 
and with a gross but solid kind of masonry. If dissatisfied 
with any of his work. even if it be near the very founda­
tions. he can replace that part without damage to the 

remainder. On the whole. he is satisfied with his work. 
for while science may never be wholly right it certainly 
is never wholly wrong; and it seems to be improving from 
decade to decade. 

"The theory that there is an ultimate truth. although 
very generally held by mankind. does not seem useful 
to science except in the sense of a horizon toward which 
we may proceed. rather than a point which may be 
reached.",....., The Anatomy of Science. 1926. 

THE RAN D COR PO RA T ION, SAN TA M 0 N I C A, CAL IF 0 R N I A 
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A nonprofit organization engaged in a program of research in the physical sciences. economics. mathematics. and the social sciences. 

RAND scientists and engineers are engaged in the imaginative exploration of frontier areas of science and technology: with the insights 

gained from this research they seek to create new and improved air and space systems. 
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SCIENTIFIC 
Established 1845 .AME RI CAN" May, 1960 Volume 202 Number 5 

The Exploration of the Moon 

The importance of the enterprise lS increased by the fact 

that the surface of the 1noon, lacking an erosilJe atnlosphere, 

has preserIJed a record of the history of the solar system 

I

T
he first extraterrestrial body to be 
explored will undoubtedly be the 

. moon. The moon is the earth's 
nearest neighbor. Mars and Venus are 
at least 100 times more distant, and a 
rocket that would take months to reach 
one of these planets can travel to the 
moon in a day or two. An instrument 
station on the moon could communicate 
with the earth with greater ease than 
one on Mars or Venus. The moon is a 
way-station en route to the planets, and 
a testing ground for the development of 
the rocket technology and scientific in­
strumentation of planetary exploration. 

By a fortunate coincidence the moon 
also has a great importance for the scien­
tist. In fact, a growing body of scientific 
opinion holds that the moon will in many 
ways more richly reward the effort to 
reach it than will either Mars or Venus. 
To investigators preoccupied with the 
remarkable developments in contempo­
rary astronomy and physics, the moon 
has seemed a dead and changeless 
world. But there has been a growing re­
alization that out of its very deadness and 
changelessness the moon may yield the 
answers to some fundamental and uni­
versal questions about the solar system 
and the universe at large. Harold C. U rey 
of the University of California at La 
Jolla has been the most vigorous and 
effective advocate of this point of view. 
Indeed, he has been almost single-hand­
edly responsible for the revival of inter­
est in the physics of this hitherto neg-
1ected body. 

The moon is an astronomical Rosetta 

by Rob�rt Jastrow 

stone. Because its surface has preserved 
the record of ancient events, it holds a 
key to the history of the solar system. 
The air and water that support life on 
the earth continuously wear away the 
surface features of our planet. Processes 
in the interior of the earth heave up 
chains of mountains for demolition by 
the forces of erosion, and the cycles of 
building and erosion from one epoch to 
the next erase the record of the past. 
Similar processes presumably occur on 
Mars and Venus. The moon, on the 
other hand, has neither atmosphere nor 
oceans, and has never been eroded by 
wind and water. The lunar surface does 
disintegrate to some extent under a hail 
of small meteorites, and exposed rocks 
may flake as a result of the great differ­
ence between the temperature of the 
lunar night and that of the lunar day. 
But such erosion is slight in comparison 
to that on earth. Furthermore, the circu­
lar formations that dominate the moon's 
topography indicate that its crust has 
never undergone the violent changes 
which are involved in mountain-building 
processes on earth. Otherwise the circu­
lar craters of the moon would have been 
distorted out of all recognition in a few 
tens of millions of years, and the major 
features of the lunar surface would be 
the irregular linear structures so char­
acteristic of the earth's surface. (One 
of the rare linear structures on the moon 
is the so-called Straight Wall, a cliff 60 
miles long and 800 feet high. This struc­
ture is shown in the photograph on page 
67.) The dead surface of the moon prob-

ably possesses features that are some 
four billion years old. 

Upon this surface cosmic dust has 
rained for eons unimpeded by any at­
mosphere. Here is a biographical record 
of the solar system. Moreover, the cos­
mic sediment may contain complex or­
ganic molecules-precursors of living 
matter-and perhaps even living spores 
that have drifted in from other planets 
or from outside the solar system. 

One of the primary objectives of the 
first-hand exploration of the moon 

will be to obtain evidence on its tem­
perature history. Such evidence will help 
to settle uncertainties about the origin 
of the sun and the planets, and indicate 
whether the solar system is a common 
or a rare phenomenon in the universe. 
One of the older ideas of planetary crea­
tion-the "collision" hypothesis-postu­
lates that a passing star tore great masses 
of material from the sun. Condensing 
first into hot, liquid protoplanets, this 
material then cooled to form the planets. 
But stars are so far apart that such en­
counters must be extremely rare. The 
collision hypothesis therefore implies 
that planets are similarly rare in our 
galaxy. The more widely accepted idea­
the dust-cloud hypothesis-holds that 
stars arise from the condensation of the 
immense clouds of dust and gas that are 
observed in interstellar space. Variations 
in the density of such a cloud bring 
into action gravitational forces that form 
the stars, and local variations within the 
cloud give rise to planets. According to 
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this scheme, planets may grow by the ac­
cretion of dust particles, or they may 
come into being when small, solid plane­
tesimals fall together. In either case a 
planet would be cool at birth. The dust­
cloud hypothesis implies that planets 
and planetary satellites such as the moon 
may be nearly as numerous as stars, be­
cause they are a natural accompaniment 
of star formation. 

A cool birth does not exclude the 
later heating and melting of planetary 
bodies by the radioactive elements that 
they contain. However, in the case of a 
relatively small body such as the moon, 
the heat of radioactivity would be lost 
at the surface very rapidly. In fact, Urey, 
and more recently Gordon J. F. Mac­
Donald of the University of California at 
Los Angeles and the National Aero­
nautics and Space Administration, have 
shown that radioactivity alone could not 
raise the temperature of the entire moon 
to the melting point unless the primitive 
moon were already quite warm at the 
time of its creation. According to Mac­
Donald's latest calculations, the heat 
generated by the radioactive elements 
would probably not be sufficient to pro­
duce extensive melting unless the moon 
were initially at a temperature greater 
than 600 degrees centigrade. This high 
initial temperature would be improb­
able in the product of a dust cloud, but 
it would be more than likely if the moon 
arose from hot gases pulled out of the 
sun in an encounter with another star. 

Some evidence gained by remote ob­
servation from the earth indicates that 
the moon has never been molten. There 
is, first of all, the shape of the moon. 
If the moon were a warm body with a 
relatively plastic interior, its rotation 
about its own axis would give rise to an 
equatorial bulge like that of the earth. 
This bulge is produced by centrifugal 
forces that depend on speed of rotation. 
The earth's 24-hour rotation-period has 
produced a bulge of 21 kilometers (13 

THE MOON is shown on these two pages in its 

last quarter (left) and first quarter (right). 
The terminator (the line dividing the lighted 

hemisphere from the dark hemisphere) is at the 

inner side of each picture. The north pole of the 

moon is at the top. The crater Copernicus is in 

the center of the photograph at left. Among the 

lunar features discussed in this article is Mare 

Imhrium, the large dark area ahove Copernicus. 

Rainhow Bay is the "inlet" at top left in Mare 

Imbrium. Half an inch to the left of the termina· 

tor and about an inch below the center is a verti· 

cal row of three large craters. The middle crater 
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miles) . Because the moon rotates more 
slowly on its axis-only once in 28 days­
its equatorial radius should be only 50 
meters greater than its polar radius. In 
actuality the equatorial radius is one 
kilometer greater. Moreover, there is a 
bulge in the side of the moon that always 
faces the earth. This "moon nose" has 
been pulled out by the gravitational at­
traction of our planet. According to cal­
culations based on the known force of 

gravity, the nose should be about 40 
meters high. In reality, it is about a kilo­
meter high. 

T
he explanation for these discrepan-
cies probably lies in the fact that the 

moon was once much closer to the earth 
and rotated much faster on its axis. The 
enormous forces then prevailing molded 
the moon in its present shape. But these 
forces waned as the moon swung out on 
a more distant orbit and turned more 
slowly on its axis. This happened no 
later than a few tens of millions of years 
after the birth of the moon. In the subse­
quent four billion years the moon has 
retained the irregular shape it acquired 
in its infancy. If the moon had been 
plastic at any time, the bulges would 
have sunk into its interior. The preserva­
tion of these irregularities shows that for 
most of its history the interior of the 
moon has been quite cold and mechani­
cally quite strong. 

Measurements made with the help of 
artificial satellites have recently dis­
closed that the earth also departs signi­
ficantly from its calculated shape. Bulges 
in the Northern and Southern hemi­
spheres give it a slightly pearlike config­
uration. Furthermore, the equatorial 
bulge is somewhat greater than was ex­
pected. In fact, the present equatorial 
bulge must have come into existence 
some 100 million years ago, when the 
earth was rotating faster and its day was 
shorter. Thus the interior of the earth, 
unlike that of the moon, is suffiCiently 

is Alphonsus. The Straight Wall is slightly below 

and to the left of Alphonsus. Somewhat lower 

and nearer the terminator is the region of the 

volcanic type of crater enlarged in the illustra­

tion on page 68. In the center of the photograph 

at right the large dark area with the irregular 

outline is the Sea of Tranquility. The crater Theo­

phil us, with its prominent central peak, is the 

large crater immediately beneath the lowest ex­

tension of the Sea. The photographs of the moon 

on these two pages were made with the 36-inch 

refracting telescope of the University of Cali­

fOl'l1ia's Lick Observatory on Mount Hamilton. 
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warm and plastic to respond to changes 
in rotation rate, although with a lag of 
100 million years. 

The orbit of the first closely tracked 
lunar satellite will be able to measure 
the irregularities in the shape of the 
moon with great accuracy. The same 
observations will yield another crucial 
bit of evidence to decide whether the 
moon has ever been molten. Certain 
characteristics of the satellite orbit will 
show whether the lunar material has a 
relatively even density. If the moon has 
ever been completely molten, its iron 
will have collected in its core, as has the 
iron of the earth. On the other hand, if 
the moon grew by the accretion of small, 
cool bodies, it is likely to have a "raisin­
bread" structure in which chunks of 
metal are spread evenly among the light­
er materials. 

The chemical composition and physi­
cal characteristics of the lunar surface 
are also important clues to the tempera­
ture and other conditions both at the 
time of the moon's birth and during its 
later developn�ent. Telescopic observa­
tions have produced a tantalizingly in­
complete picture of the lunar surface, a 

picture that is compatible with several 
different conjectures as to what the sur­
face is really like. The dominant features 
of the lunar landscape are craters and dry 
"seas," or maria. At one time it was wide­
ly believed that the craters were vol­
canic in origin. The U. S. geologist G. K. 
Gilbert dealt this idea a heavy blow in 
1892, when he pointed out that lunar 
craters have virtually none of the char­
acteristics of volcanoes. Among the tens 
of thousands of craters on the moon, only 
a dozen resemble terrestrial volcanoes 
[see illustration on page 68]. Most stu­
dents of the moon now agree that mete­
orite collisions and not vulcanism cre­
ated the vast majority of the craters visi­
ble on the moon. 

The absence of lunar volcanic activity 
reinforces the picture of the moon as a 
relatively cold planetary body. It is true 
that in 1958 the Soviet astronomer 
Nikolai A. Kozyrev made observations 
that indicated such activity in the crater 
Alphonsus [shown in the illustration on 
the opposite page]. However, an extend­
ed discussion at the Space Exploration 
Symposium in Washington last year 
brought general agreement that what 

RAINBOW BAY is a semicircular "inlet" on the northern shore of Mare Imbrium. In 1892 

G. K. Gilbert suggested that the bay was created by a large object that smashed into the 

moon. This photograph and those on pages 65 through 67 were made by Gerard P. Kuiper 

with the 82·inch reflecting telescope at the McDonald Observatory 011 Mount Locke in Texas. 
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Kozyrev had observed must have been 
simply the release of residual gas and 
not a true eruption. 

I 
n his 1892 lecture Gilbert asserted that 

. meteorites had probably created some 
of the lunar seas as well as the craters. 
He reasoned that the flying fragmcnts 
of a giant meteorite had carved the 
series of deep valleys that radiate from 
Mare Imbrium. The fragments would 
have had to be large and considerably 
denser than the material of the lunar sur­
face. Gilbert suggested that they came 
from an object 100 miles in diameter. 
Striking the moon at an oblique angle, 
the meteorite first created the "inlet" in 
Mare Imbrium known as Rainbow Bay 
[see illustration at left] and then came to 
rest in the center of the sea. 

Gilbert thought that Mare Imbrium 
itself was a lava flow produced by the 
heat of impact. However, Thomas Gold 
of Cornell University, Robert S. Dietz 
of the Naval Electronics Laboratory in 
San Diego and MacDonald have pointed 
out that a meteorite collision is more like­
ly to pulverize rock than to melt it. A 
small amount of lava, they say, may ap­
pear at the point of contact, but most of 
the energy will go into creating dust and 
rubble that in an airless environment 
will drop back in the area of the collision 
to form a relatively flat bed. 

Although this argument weighs 
against the idea that the seas were cre­
ated by the melting of rock in major 
meteorite impacts, it is still possible that 
the seas are flows of lava, but lava that 
welled up through fissures in the surface 
during periods of internal activity. 
Gerard P. Kuiper and other students of 
the moon subscribe to this view of the 
formation of the maria, and it may turn 
out to be the correct one. However, diffi­
culties are associated with it also. In 
particular, the irregular figure of the 
moon indicates that it has been relatively 
cold during a large part of its history, 
and a cold interior could not have given 
rise to large lava flows at the surface. 

At the same time it must be said that 
some features on the moon are hard to 
explain unless it is assumed that they 
are lava flows. The Sea of Tranquility, 
for example, has the irregular outline 
that is characteristic of the flow of a 
liquid over a rough terrain [see illustra­
tion on page 63]. 

The answer to the question of what 
really does cover the lunar seas must 
await detailed reconnaissance and sur­
face exploration. In the 67 years since 
Gilbert gave his lecture telescopic ob­
servations have yielded practically no 
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ALPHONSDS, the upper of the two large craters seen here, is 

the site of the apparent volcanic activity observed in 1958 by the 

Soviet astronomer Nikolai A. Kozyrev. Activity may have been 

the release of trapped gas rather than an actual volcanic eruption. 
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RAMPART B 
14,000 FEET 

PEAK A 
7,500 FEET 

RAMPART X 
15,000 FEET 

«-(-------29.83 MILES------?)-«'-------- 35.10 MILES ------�) 

THEOPHILUS, the crater in the center of photograph at top, ap­

pears to have a rugged central peak and steep encircling ramparts. 

This is a deceptive characteristic of photographs of objects lying 

neal' the lunar terminator (right), where long shadows exaggerate 

66 

surface features_ The measured profile of the crater and peak, 

shown in the diagram at the bottom, indicates that the crater has 

average slopes of six degrees 01' less. The profile was measured at 

the McMath-Hulbert Observatory of the University of Michigan. 

© 1960 SCIENTIFIC AMERICAN, INC



new information about the moon. The 
resolving power of present-day tele­
scopes is not appreciably greater than 
that of the telescopes in Gilbert's time. 
According to Kuiper, who has made 
some of the finest lunar photographs, the 
large telescopes of today might under the 
best seeing conditions be used visually 
to resolve objects a 10th of a mile across. 
Photographic resolution is considerably 
poorer; unlike the eye, the photographic 
plate cannot accommodate the wobbling 
of images caused by the instability of the 
earth's atmosphere. For all practical pur­
poses a feature of the moon can be ob­
served visually only if it is more than 
1,000 feet across, and can be observed 
photographically only if it is more than 
2,500 feet across. 

I
n 1957 an important detail was added 

to the telescopic picture of the moon 
by a series of remarkable radio observa­
tions conducted at Jodrell Bank in Eng­
land and at the U. S. Naval Research 
Laboratory. The observations took ad­
vantage of the fact that when light or 
any other electromagnetic radiation, 
such as radio waves, strikes the surface 
of a polished sphere, it is reHected back 
to the source as though from a single 
point within the sphere. If the surface 
of the sphere is not polished-that is, if 
the average size of the irregularities is 
equal to or greater than the wavelength 
of the radiation falling upon it-the re­
Hected radiation will be diffused, and 
the entire illuminated area will appear 
uniformly bright, like a frosted Iight­
bulb. The lunar surface does diffuse the 
visible light that it reHects. Light waves 
are of the order of .0001 centimeter long, 
and on this fine scale the surface of the 
moon is fairly rough. The radio observa­
tions showed, however, that the moon 
sharply reflects radio waves that are 10 
centimeters (four inches) long. On this 
coarser scale the surface of the moon is 
relatively "polished': its irregularities 
must be, on the average, less than 10 cen­
timeters in diameter. 

This relative smoothness of the lunar 
surface poses a question. The surface 
should be covered with pits with a di­
ameter of more than 10 centimeters, 
caused by the meteorites that undoubt­
edly rain steadily on the moon. Yet the 
pits are not there; at least there is no 
evidence for them. Of course the hail 
of meteorites must have chipped away 
at the rocks, and the moon must be cov­
ered with a layer of rock dust; the large 
meteorites that created the visible cra­
ters doubtless manufactured even more 
dust. But since there is no wind on the 

moon, even the dust should be pitted. 
Some unknown agent distributes the 

dust over the lunar surface with such 
uniformity that the small pits and cra­
ters are filled in. Perhaps the continued 
bombardment of the surface by micro­
meteorites moves enough dust to make 
the surface virtually smooth. 

Gold has proposed a more interesting 

and more original solution to the prob­
lem. He suggests that the solar protons 
which bombard the moon would give 
some neighboring dust particles a posi­
tive electric charge. Under the mutual 
repulsion of their like charge, the patti­
cles would hop about. Gold and his stu­
dents have bombarded dust particles 
with electrons in the laboratory, and the 

THE STRAIGHT WALL, a cliff 60 miles long and 800 feet high, is one of the rare lineal' 

structures on the moon. It may be a large fault caused by a disturbance in the lunar crust. 
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POSSIBLE LUNAR VOLCANO appears at lower left (arrow). 
The small cone is one of about a dozen on the moon that resemble 
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terrestrial volcanoes. Zdenek Kopal made the photograph with the 

24·inch refracting telescope at Pic du Midi Observatory in France. 
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particles act like Mexican jumping 
beans. Their hopping makes them mi­
grate; if they are on a slope, for exam­
ple, they will march downhill under the 
influence of gravity. Thus the moon's 
highlands should be scoured clean, and 
its depressions should be filled with dust 
to a considerable depth. The weight of 
the overlying dust would compact the 
deeper materials, but for some distance 
down it is possible that the lunar surface 
is relatively porous, perhaps with the 
texture of a rusk. If Gold is right, it 
would be well not to choose the other­
wise smooth and inviting surface of a 
lunar sea for the first landing on the 
moon. The porous rusk might not be able 
to bear the modest lunar weight of an 
exploration vehicle, and so might swal­
low it up. 

O
ne of the first objectives of the lunar-

exploration program will be to ob­
tain views of the surface that are more 
detailed than those available from tele­
scopes on the earth. A first step in this 
direction has been taken by the U.S.S.R. 
with Llinik Ill, which transmitted tele­
vision pictures of the "back" of the 
moon. More revealing views of the lunar 
surface will be made by cameras 
mounted either in lunar satellites or in 
spacecraft deSigned to land on the moon. 
The images may be obtained by tele­
vision or by photography; perhaps both 
methods will be developed and tried. 
The pictures relayed to earth by these 
cameras will provide the definition 
needed to determine the structure of the 
lunar surface and will at the same time 
permit the selection of landing sites for 
vehicles. Over limited areas the resolu­
tion of detail may be about 100 times 
better than that of the best terrestrial 
telescopes. It will be a few years before 
such systems are perfected, although 
either the U. S. or the U.S.S.R. may ob­
tain images of intermediate resolution 
at an earlier date. 

The region of extended shadows near 
the terminator-the line dividing light 
from dark on the moon-may prove to 
be a good place for such reconnais­
sance. Here all surface details are 
thrown into exaggerated relief, and it 
may be possible to detect differences in 
elevation of a few feet or less. An im­
portant supplement to the television 
studies will be an instrument designed to 
penetrate the surface and reveal its 
hardness or the degree to which it is 
compacted. 

Even in advance of these achieve­
ments it is clear that the lunar landscape 
does not at all resemble the earlier con-

ception of the moon as a Gothic spec­
tacle of steep cliffs and needle-like spires. 
To a man standing within a typical lunar 
crater its slopes would appear rather 
gentle; indeed, they seldom exceed a 
grade of 10 degrees [see illustmtion on 
page 66]. 

Beyond the initial objective of sur­
face reconnaissance, several experiments 
that are in prospect will make major 
contributions to knowledge of the moon. 
Perhaps the most important experiment 
in the early stages of lunar exploration 
will be carried out by the gamma-ray 
spectrometer. The instrument, mounted 
in either a lunar satellite or a landing 
capsule, might consist of a crystal to de­
tect gamma rays emitted by radioactive 
uranium, thorium and potassium, and a 
pulse-height analyzer to separate the var­
ious wavelengths of the rays. Since the 
different elements emit gamma rays at 
different wavelengths, the analyzer will 
indicate how much potassium, thorium 
and uranium the lunar crust contains. 
The relative abundance of these ele­
ments will in turn reveal a great deal 
about the rocks of the lunar crust, be­
cause different kinds of rock contain dif­
ferent amounts of these elements. More­
over, the concentration of these elements 
will indicate how much of the heating of 
the young moon was accountable to 
radioactivity. 

Finally, several years further in the 
future, the stage of serious lunar explora­
tion by unmanned landings involving re­
motely controlled instrumentation can 
begin. The Soviet Lunik I has already 
made contact with the moon's surface, 
but it carried no instruments to report 
what it had encountered. The first in­
strumented landings may be rather 
rough. Nonetheless a seismometer that 
should sustain the impact of a rather 
hard landing is already being developed. 
This instrument, by reporting on moon­
quakes, could supply valuable informa­
tion on the internal structure of the 
moon. With the development of the 
guidance and control needed for truly 
soft landings, an X-ray fluorescence spec­
trograph might be sent to determine the 
chemical composition of the lunar sur­
face. This instrument, working wide­
open in the high vacuum of the lunar 
environment, would bombard the rock 
with an electron beam. The atoms in the 
rock would respond by emitting X-rays 
at characteristic energies, thus identify­
ing the metals in the rock. 

Another important instrument would 
be a gravimeter for measuring small 
changes in the force of gravity at the 
surface of the moon. Such changes are 

produced by land tides that occur when 
the sun and the earth pull on the moon. 
Land tides are similar to the earth's 
ocean tides, but their amplitude is much 
smaller, since solid land responds far 
less than water does to an attracting 
force. In a land tide the surface of the 
moon moves outward a few inches or a 
foot, and a gravimeter on it would move 
away from the center of the moon by 
that amount. Since the force of gravity 
grows weaker with increasing distance 
from the center of the attracting body, 
the gravimeter will record a decrease in 
the gravitational force as a result of this 
outward movement. A variation of six 
inches is only a ten millionth the radius 
of the moon, yet gravimeters are so sen­
sitive that they can detect far smaller 
effects. The height and timing of lunar 
land tides will furnish precise measure­
ments of the viscosity and elasticity of 
the moon's interior. 

T
he soft-landing packages may also 
contain ionosphere and plasma 

probes, density gauges, magnetometers 
and television cameras. The latter could 
be fitted with telescopic lenses for in­
specting the surrounding area to some 
distance and with lenses for close exami­
nation of materials near the vehicle. The 
ultimate in unmanned exploration may 
be a roving vehicle that will land on the 
moon's surface and then be piloted about 
by remote control. The machine would 
have to travel over the unfamiliar surface 
in a vacuum and under extreme tem­
perature conditions, carrying delicate 
physical and chemical instruments that 
do their work as it proceeds, all under 
the control of an operator a quarter of a 
million miles away on the earth. But the 
vehicle would get away from the dis­
turbed conditions at the landing site and 
would be able to correct the possibly 
misleading impressions gained from the 
limited number of sites at which earlier 
instruments will have landed. This self­
propelled laboratory might be powered 
by solar batteries and would have to 
hibernate during the two-week lunar 
night, coming to life again during each 
lunar day. 

The remote-control instrument station 
in its most complex form will reveal a 
great deal of information about the 
moon. But no matter how complex this 
instrumentation may become, it will 
never be able to grapple with unforeseen 
circumstances and to capitalize on un­
expected opportunities. With the advent 
of manned flights a decade or more 
hence, lunar exploration will enter upon 
its most rewarding phase. 
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The Changing Level of the Sea 

Glacial cycles and the slow sinking of the ocean floor have caused 

sea level to fluctuate from epoch to epoch. The last great ups urge 
apparently culminated in the deluge described in the Old Testament 

A 
deluge such as that described in 
the Book of Genesis occurs in the 
legends and folklore of almost 

every ancient people. The Greeks told 
how Deucalion, son of Prometheus, was 
forewarned by his father and thus sur­
vived the flood wrought by Zeus to de­
stroy mankind. Babylonian scripture re­
lated how the city was founded on the 
site where the god Ea conquered the 
floodwaters gushing from the mouth of 
the nether world, which he sealed with 
a giant stone. The magnificent bas-reliefs 
of the Cambodian temple of Angkor Vat 
illustrate the Hindu legend that relates 
how Manu, one of the 14 progenitors of 
mankind, was saved from the deluge by 
a fish whose life he had spared. 

Such agreement among the legends of 
so many peoples living in distant parts 
of the world has caused scholars in mod­
ern times to wonder whether mankind 
did in truth experience the world-wide 
catastrophe of a deluge. The evidence of 
legends cannot be accepted as proof of 
geological events. But it can be argued 
in reverse that geology might produce 
evidence of events that could have in­
spired the legends. The seacoast was the 
home of many primitive peoples and the 
site of many early centers of civilization. 
A major and relatively quick rise in the 
sea level-say a few feet in a decade­
could have had profound effects upon 
the way of life and the imagination of 
those who experienced it. If the sea level 
had continued to rise generation after 
generation, even with intervals of re­
treat, floods would surely have become 
incorporated in legends the world over. 
A major swing in climate, bringing in­
creased rainfall and the thawing of 
mountain snows, could have caused ca­
lamitous river floods throughout an en­
tire climatic zone of the earth and could 
have made a similar imprint upon l1U-
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man memory. If the two kinds of flood 
had occurred together, they could easily 
have been recorded as a deluge. 

A century ago it would have been dif­
ficult to persuade geologists to entertain 
such a possibility. In their effort to es­
tablish natural causes for the grand-

scale workings of nature they spurned 
the Scriptural concept of catastrophe. 
Under the leadership of the Scottish pi­
oneers James Hutton and Charles Lyell 
they advanced the principle of uniform­
ity, which held that the events of the 
past could be explained in the light of 

COASTAL TERRACES reflect the sea levels of the past. This terrace, on the coast of New 

Guinea near Finschhafen, was formed partly by the higher sea·levels of warm interglacial 
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processes at work in the present. This 
point of view especially cherished the 
constancy of the sea level. After all, the 
sea covers from 70 to 75 per cent of the 
earth's surface. The level of the sea rep­
resents the simplest basic shape of the 
earth. That shape is close to a spheroid, 
but exhibits slight departures, and is 
known to the geodesists as the geoid. 

Yet the founders of modern geology 
were also the observant field workers who 
first recognized the traces of the ice age. 
Soon geologists found evidence for sev­
eral ice ages in the lengthening span of 
geologic time. By the turn of the century 
they were finding ice ages at every stage 
of the geologic history, in keeping with 
the philosophy of uniformity. Careful re­
examination of the evidence in recent 
years, however, has rejected many of 
these ice ages; formations once identi­
fied as glacial moraines have been rein­
terpreted as beds laid down by mud­
flows, submarine landslides and turbidi­
ty currents: avalanches of turbid water 
that carry silt, sand and gravel out over 

the deep-ocean floor. But from all the 
data four great ice ages remain: the Late 
Pre-Cambrian (600 to 700 million years 
ago); the Siluro-Devonian of South 
America (350 to 450 million years ago) ; 
the Late Paleozoic of the Southern 
Hemisphere (200 to 300 million years 
ago); and the Quaternary (from 500,-
000 years ago to the present). 

During these periods an immense por-
tion of the earth's total supply of 

water was locked up in ice sheets on the 
continents. That they held enough of the 
total to substantially affect the sea level 
may be judged by the volume of the 
world's present glaciers. The icecaps of 
Greenland and Antarctica, the remnants 
of the waning Quaternary ice age, would 
raise the sea level by some 300 feet if 
they were to undergo a sudden thaw. 

It remains to be shown, however, that 
the melting of glaciers could alone cause 
major changes in the sea level. From 
other information about the earth and its 
structure it is clear that the transfer of 

such an immense burden from the con­
tinents to the sea must set further 
changes in motion. Over the span of geo­
logic time the earth's outer crust may be 
regarded as a tough skin enclosing a 

more plastic interior mantle and core. 
The melting of a continental ice sheet 
9,000 to 10,000 feet thick-the thickness 
of the antarctic icecap-would cause the 
continent to rise, as Scandinavia and cer­
tain parts of North America are rising 
even today. This rise is compensated by 
the sinking of parts of the ocean floor. 
Certain regions of the sea bottom are 
sinking now. Although the details of this 
isostatic mechanism are not fully under­
stood, the continents may be pictured as 
blocks of lighter material floating in a 
viscous substratum. The shift of the bur­
den of ice from the continents to the sea 
would be compensated by a slow lateral 
movement of the rock under the roots of 
the continents, buoying the continental 
blocks upward. Thus the sea level does 
not depend solely upon the amount of 
water in the sea; it also depends upon 

periods and partly by the interrupted uplift of the land, which 

lies in one of the earth's most unstable volcanic belts. The old· 

est terraces are the highest; each contains fossil plants and 

shells that indicate the date and temperature of the ancient shore. 
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the height of the iand and the depth of 
the ocean basin. 

Of course rock does not flow so quick­
ly as water. The melting of glaciers is 
likely to occur faster than the tectonic 
readjustments that follow in the crust. It 
is clear, therefore, that the flow of such 
immense volumes of water into the sea 

.' 

-1 
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has had its effect upon the sea level in 
the course of geologic time. The record 
indicates, in fact, that the sea level must 
go through cyclic changes. How rapidly 
and substantially these changes occur 
depends upon the interaction of several 
variables. 

At what point in the cycle does the 

. .  _ ....... _-_._.--_ . .. -...... _--... -... _...... --�.- .-... . -.�.-- .. 

sea level now stand? The question re­
quires, first of all, a consideration of the 
record of the past. Such consideration 
should settle, incidentally, the question 
of the flood of ancient times. It will also 
provide a basis for judging whether the 
flood might recur. 

Tide gauges at every important harbor 

POSTGLACIAL UPLIFT of parts of North America and Europe 

can be detected from tide·gauge measurements. Regions formerly 
covered by glaciers (hatched areas) and those lying in the axes of 

old mountain belts are slowly rising. Stippled areas indicate the 
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of the world keep the sea level under 
constant surveillance. The world-wide 
sea level does not itself emerge as the 
first quantity measured by these obser­
vations. The tide gauges show a number 
of other interesting things: the local rise 
and fall of the tide due to the attraction 
of the moon, the sun and the nearer 

planets, the annual cycle of regional pat­
terns in atmospheric pressure, periodic 
and seasonal changes in the wind and 
even longer-term effects such as the cy­
cles of atmospheric pressure and wind 
set up by the cycle of sunspots. These 
data are gathered at the International 
Tidal Institute in Liverpool, England, 

....... .. . ... .. .. ........... .. ............. ........... .. .... _ ......•. A_. ___ ._ ...... __ . ___ ·_y __ �······ .. 
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parts of the sea basin and coastal plains that are now sinking. Numbers show the rising or 

sinking of harbors in millimeters per year. The maps are not drawn to the same scale. 

and the International Association of 
Physical Oceanography is currently col­
lecting evidence of the long-term effects 
recorded by the tide gauges. 

S tudies of tide-gauge charts that have 
been kept for a sufficient length of 

time reveal two other components in the 
local records. One of these arises from 
the motion of the continental blocks. 
Some regions are so unstable that their 
rate of movement can be measured with­
in as short a time as half a century. Gen­
erally speaking, the harbors that lie in 
the axes of ancient mountain ranges are 
rising slowly, as at BiatTitz and Nice. 
Those that lie near regions that were 
heavily laden with ice during the last ice 
age are rising moderately fast [see maps 
on these two pages]. In many parts of 
Scandinavia this uplift is so rapid that 
docks used by fishing boats are literally 
rising out of the water. On the other 
hand, gauges located near deltas or re­
gions of heavy sedimentation consistent­
ly show a subsidence. Harbors in active 
volcanic regions and in earthquake zones 
show a variety of changes, both upward 
and downward. 

The other important component in the 
tide-gauge records is the sea level itself. 
Since water seeks its own level, any 
change in sea level must ultimately be 
measurable everywhere in the world. 
Such a change can be detected by cor­
recting for all the other variations re­
corded by the gauges. For the past 50 
years the tide-gauges have shown a 
steady rise, averaging about 1.2 milli­
meters per year, or about 4.5 inches per 
century. 

The possible causes of this trend that 
must be taken into account are many and 
varied. In addition to the melting of ice 
and the movement of the earth's crust 
they include the thermal expansion of 
water, the filling of the ocean basins with 
sediment and the addition of "juvenile" 
waters from rocks brought to the surface 
by volcanic eruptions. However, calcu­
lation of the magnitude of each of these 
processes shows that only glacial and 
isostatic effects need be reckoned with. 

Geological records show that a num­
ber of oceanic basins-notably parts of 
the Caribbean, the Mediterranean and 
the Indian Ocean-have been subsiding 
for millions of years at a rate averaging 
up to one inch per century. A rough cal­
culation suggests that the volume of the 
area involved is about 35 million cubic 
kilometers; since the total area of the 
ocean is about 360 million square kilo­
meters, this represents a world-wide fall 
in the sea level of about 100 meters (330 
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PRE-CAMBRIAN SILURO-DEVONIAN LATE PALEOZOIC QUATERNARY 
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TEMPERATURE CYCLES deduced from the fossil record reveal 

the climatic pallerns of the past. The mean temperature of the earth 

is normally much higher than it is today. The long warm cycles are 

interrupted by ice ages (jagged peaks) at intervals of approxi. 

mately 200 million years. The temperature changes in the imme· 

diate geological future should follow the pallern of the broken line. 

[eet). Spread over five million years, 
this would represent an average fall in 
sea level of about .02 mm. per year, with 
a possible acceleration at times to a 

maximum of .2 mm. per year. Some 
geologists have argued that the subsi­
dence of the sea floor in one region is 
compensated by the rise of others. It 
seems more likely, however, that the net 
increase in the average depth of the sea 
is compensated by the rise of the conti­
nental platforms; the Colorado plateau 
of the western U. S., for example, has 
been pushed upward some 2,000 feet in 
the present postglacial period. The tec­
tonic depression of the sea floor is thus 
a real factor to be taken into account. 

The present four-inch-per-century rise 
in the sea level, however, indicates that 
the melting of glaciers by far over­
whelms all other factors and trends. Tide 
records show that the rise has been con­
stant for about a century. This b·end ex­
actly parallels the world-wide climatic 
warm-up that began in about 1850. Dur­
ing this period the Arctic Ocean has be­
come measurably warmer and increas-

ingly free of ice; the interior of the Saha­
ra has become warmer and drier, and 
monsoonal regions have become warmer 
and wetter. In the same period the gla­
ciers of the Rockies and the Sierra Neva­
da have practically vanished, and those 
of Switzerland, Norway, Iceland and 
Alaska have measurably retreated. 

�l these trends add up to two conclu-
sions. The first is that there seems 

to be very little time lag between the 
warming of the climate and the melting 
of the glaciers. Exceptions do occur as 
the normal consequence of local weather 
changes; for example, an increase in the 
area of open water near a glacier-cov­
ered land mass may lead to an increase 
in snowfall, and thus certain glaciers ac­
tually advanced during the warm-up. 
But there has been a substantial net out­
flow from the glaciers to the sea. The 
second conclusion is even more signifi­
cant: The increase in sea level caused 
by glacial melting is from 100 to 1,000 
times greater than the offsetting factor 
of the sinking of the ocean floor. The 

tide records, by recording a measurable 
rise in the sea level in so short a period 
as a century, demonstrate that the sea 
level is highly sensitive to the transfer 
of water from the ice on the continents. 

These conclusions are buttressed by 
the tide records kept since 1682 in Am­
sterdam. The coast of the Netherlands 
lies at the margin of the North Sea 
basin, which is subsiding at the rate of 
about four inches per century. Hence the 
Amsterdam records show that the sea 
level has risen eight inches during the 
past century, only four inches of which 
are due to the true rise. Prior to that 
time, however, the fluctuations of the 
sea level faithfully refled climatic his­
tory. The level rose at about the present 
rate between 1725 and 1770, then fell 
during the period of exceptionally cold 
winters recorded in most Temperate 
Zone regions from 1800 until 1850. 
Then, with the beginning of the retreat 
of the Alpine glaciers, the Amsterdam 
gauges began the upward swing that 
continues into the present. 

So even though the tide records reach 

�t%t%t 
�-,�---------.. --.---------------- ---------- .- .. --------------------- UPLIFT DUE TO REMOVAL OF SEDIMENTS 

DEFORMATION OF THE EARTH'S CRUST causes long-term 

changes in sea level. When glacial ice melts in an area such as 

Hudson Bay or the Baltic Sea (jar left) , or when sediments are 
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washed down from mountains (left center) , the newly unloaded 

land rises. At the continental margin (right center) some of the 

weaker parts of the crust are slowly sinking. Under an increasing 
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COMPARISON OF GLACIERS suggests an explanation of the con· 

tinued survival of the ice sheets of Antarctica and Greenland. Both 

lie in pan·shaped depressions (top) ringed by mountains that hold 

back the ice and permit it to accumulate in thick sheets. The an· 
cient glaciers of North America and Scandinavia (bottom) spread 

out thinly over the plains and melted quickly as the earth warmed. 

back only a brief time, they make it pos­
sible to assert with confidence that cli­
matic changes in the distant past must 
have been accompanied by concurrent 
changes in the sea level. Since no tide 
data survive from Noah's time, investi­
gators look for evidence in the fossils 
buried in ancient beaches. Fossil plants 
are the best indicators of temperature. 
Traces of the fig and the magnolia, for 
example, are characteristic of a semi­
tropical climate; those of the juniper and 
mosses of the peat type are evidence of 
a cool or cold environment. By studying 
the plants in a given stratum the paleo­
botanist can determine the mean tem­
perature of the time within one degree 
centigrade. The nature of the sediment, 
its elevation and its fossils provide an 
approximate indication of the age of a 
shoreline. More exact dates can be ob­
tained 'from radiocarbon measurements. 
The precision of this technique rests up­
on the steady decay rate of carbon 14; 
the radioactive carbon taken up by a 
plant or animal during its lifetime dissi­
pates half of its radioactivity every 

5,568 years. By combining radiocarbon 
dating and paleobotany, it is possible to 
determine the major changes in climate 
and sea level for the past 20,000 years. 

P lotted on a graph, the level of the 
sea during this period appears to os­

cillate about two straight-line curves: 
one running from 17,000 to 6,000 years 
ago; the other, from 6,000 years ago to 
the present [see illustratiol1 011 l1ext 
page J. The earlier of the two curves re­
veals a striking pattern. Drowned beach­
es at the edge of the continental shelf 
show that 17,000 years ago, at the height 
of the last large-scale advance of the 
glaciers, the world-wide sea level was 
some 330 feet lower than it is today. As 
the great North American and Scandi­
navian glaciers melted, the sea level be­
gan to rise at a rate of about 40 inches 
per century. Radiocarbon dates for this 
period, obtained by dredging submerged 
shorelines on the continental shelf or 
from boreholes put down near the outer 
edge of coastal plains, indicate that the 
rise of the sea was not uniform but va-

ried, with short periods of retreat. Dur­
ing some of these oscillations the sea 
surged upward at a rate of more than 
30 feet per century. 

The greatest and fastest rise yet dis­
covered in the geological record reached 
its crest about 6,000 years ago. The cu­
mulative incursion of the sea flooded 
low-lying coastal lands in every part of 
the world. This was the deluge that 
drowned the homes and troubled the 
legends of the ancients. The flood of the 
sea was joined by floodwaters brought 
down from the highlands by rivers. In 
the world-wide climatic shift that 
brought on and reinforced the melting 
of the glaciers, climatic belts shifted 
everywhere on earth except near the 
Equator. Regions of the Temperate Zone 
-where the recorded history of mankind 
was just beginning-became noticeably 
milder and wetter. Archaeological evi­
dence in the valley of the Tigris and the 
Euphrates and geological evidence in 
the valley of the Mississippi testify to 
calamitous and spectacular inundations. 

Contrary to legend, however, the del-

G LACIAL MINIMUM 

load of sediments they sink further. The sinking of deep·ocean 

trenches (far right) partially compensates for the postglacial uplift 

of the continents. The slow changes in sea level caused by these 

crustal movements are either reinforced or obscured by the more 

rapid changes caused by the melting of glaciers. Broken lines indi­

cate sea levels characteristic of typical glacial and interglacial ages. 
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uge did not recede, at least not very far. 
Tnis is indicated by the sea-level curve 
for the last 6,000 years. The highest and 
lowest sea levels during this time are not 
more than 10 or 12 feet above or below 
the present sea level. The amplitude of 
the oscillations in the sea level appears 
to be damped, falling off gradually from 
20 to five feet. The period of oscillation 
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seems to approximate a 550-year cycle 
with 1,100- and 1,650-year harmonics. 
The last upswing corresponds to the 
well-known floods of medieval times, 
when the Dutch began to build their 
dikes. The world now appears to be mid­
way in the next 550-year rise. Over the 
entire 6,000-year period, however, the 
sea level evinces a very small net de-

YEARS AGO 

cline. This reflects the sinking of the sea 
bottom in the prolonged isostatic read­
justment to the shift of the ice burden 
from the continents. Thus, although the 
sea level appears to be rising rapidly in 
the short run of 550 years, it also appears 
to be falling slightly in the longer per­
spective of 6,000 years. 

The waters of the flood represented 

RISE IN SEA LEVEL from 17,000 to 6,000 years ago is the most 

rapid upsurge yet identified in the geological record. The floods 

that accompanied this 100-meter increase are believed to be the 

subject of the deluge legends of ancient peoples. The names on the 

curve indicate the locations where the principal oscillations in sea 

level were discovered, or where their shorelines are most prom­

inent. Sea level has remained relatively constant for the past 6,000 

years, and the amplitude of short-term oscillations is diminishing. 
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the last traces of the North American 
and Scandinavian glaciers. Since their 
disappearance, the world ice budget has 
remained in a state of dynamic equilibri­
um; any melting of glaciers is replaced 
by an equal amount of fresh snowfall. 
Nowhere is this equilibrium more evident 
than ill Antarctica, where the glacier 
fronts have not appreciably advanced or 
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retreated for the past 50 years. The ice­
cap of Greenland also seems to be es­
sentially static, although some minor 
changes have been observed near its 
edges. Why have these glaciers survived 
for 17,000 years in a period of almost 
universal warm-up? Both Greenland and 
Antarctica are pan-shaped depressions 
with rocky rims that rise as high as 10,-
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000 feet. The rims hold back the ice, 
permitting it to accumulate in sheets 
9,000 to 10,000 feet thick. A small over­
flow can leak through gaps in the moun­
tains, but only the ice shelf-the ledge 
over the sea-shows any sign of melting. 
The antarctic icecap alone covers five 
million square miles, an area one third 
larger than the U. S. An enormous 
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GLACIAL CYCLES have caused long-term changes in sea level 

I top graph). The sea falls during glacial stages such as the Nebras­

kan, and rises during interglacial stages such as the Aftonian. Dates 

were deduced from author's modified version of the Emiliani curve 

of ancient sea-water temperatures (middle graph) , which fits the 

Milankovitch curve of solar radiation at latitude 65 degrees North 

(bottom graph) . The Milankovitch curve indicates climatic changes 

as apparent shifts in latitude toward or away from the Equator. 

77 

© 1960 SCIENTIFIC AMERICAN, INC



GLACIAL SPILLWAYS like the one at left center permit only a 

small overflow of ice to leak away from the icecaps of Greenland 

78 

and Antarctica. This ice sheet in Victoria Land in the Antarctic 

has almost reached the height of the mountains: about 8,500 feet. 
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amount of heat acting over an extremely 
long period would be required to melt it. 

In contrast, the great continental ice 
sheets that once covered North America 
and Scandinavia melted because they 
were not bounded by rings of mountains 
[see illustration at top of page 75]. From 
their mountain birthplaces the glaciers 
spread out thinly over the plains. They 
extended from the Subarctic Zone to the 
Temperate Zone. When the present 
warm-up began, the thin fringes in the 
Temperate Zone melted quickly, and the 
glaciers began to retreat. 

The geological record for the entire 
Quaternary period, going back some 

600,000 years, shows that the conti­
nental ice sheets advanced and retreated 
in at least four crescendos. These have 
been named for the geographical regions 
in which they were first studied: the 
Nebraskan glaciation (about 320,000 
years ago); the Kansan (about 240,000 
years ago) ; the Illinoian (about 115,000 
years ago) ; the Early and Late Wiscon­
sin (about 60,000 and 25,000 years 
ago). During the three interglacial peri­
ods the climate appears to have warmed 
up to higher temperatures than it has 
attained so far in the present interglacial. 

The Quaternary cycle of glaciation 
has now been matched to a remarkable 
record of the Buctuations in the world 
climate contained in the ocean Boor. 
Buried in the oceanic ooze lie the skele­
tons of tiny Foraminifera that once in­
habited the warm surface waters of the 
ocean. Harold C. Urey, now at the Uni­
versity of California at La Jolla, first 
showed how such remains could be used 
as a geological thermometer to deter­
mine the temperature of ancient seas. 
He observed that when water evapo­
rates, molecules containing oxygen 16 
(the lightest stable isotope of oxygen) 
vaporize at a slightly faster rate than 
those containing the heavier isotopes 
oxygen 17 and oxygen 18. Since the rate 
of evaporation increases with tempera­
ture, the ratio of the isotopes in oxygen­
bearing carbonates incorporated in the 
skeletons of the Foraminifera provides a 
sensitive index of the sea temperature at 
the time they were alive. Taking advan­
tage of this effect, Cesare Emiliani of the 
University of Miami has plotted the tem­
perature of the sea for the past 350,000 
years [see "Ancient Temperatures," by 
Cesare Emiliani; SCIENTIFIC AMERICAN, 
February, 1958]. His curve, as an index 
of world-wide climatic changes, agrees 
well with the geological record of the 
advance and retreat of the glaciers, and 

has helped to date them [see page 77]. 
The cyclic ups and downs of the Emi­

liani climatic curve also correspond to 
cycles in solar radiation that were plot­
ted by the Yugoslavian astrophysicist 
Milutin Milankovitch. The cycles in the 
Milankovitch curve sum three cycles in 
the orientation of the earth to the sun: 
one of 26,000 years, one of 40,000 years 
and one of 92,000 years. The shortest 
period represents the precession of the 
equinoxes, caused by the slow, slight 
wobbling of the earth's axis as the planet 
moves around the sun. The 40,000-year 
period corresponds to the variation in 
the obliquity of the ecliptic, that is, the 
tilt of the plane of the earth's orbit. The 
plane tilts three degrees in this period, 
increasing or decreasing the temperature 
changes that accompany the change in 
seasons. The longest cycle corresponds 
to the period of the change in the ec­
centricity of the earth's orbit. Because of 
this eccentricity the earth is at present 
slightly closer to the sun in December 
than it is in June, causing the winters to 
be milder and shorter in the Northern 
Hemisphere and the summers to be 
seven days longer and somewhat cooler. 
In a few hundred centuries the situation 
will be reversed and the Southern Hemi­
sphere summer will be longer. From 
time to time two of the cycles fall into 
phase with each other. These resonances, 
giving rise to more pronounced varia­
tions in the amount of sunlight reaching 
the various parts of the earth, may well 
have brought on the great climatic 
swings that melted the glaciers, built 
them up and melted them again. 

With all its variations, however, the 
sea-temperature curve of the Quaternary 
period never departs more than four de­
grees C. from a rather constant mean. 
It would follow that the sea level should 
oscillate about a similarly constant mean, 
rising to the same height after each 
glacial epoch. How does this deduction 
square with the geological evidence? At 
first glance it does not. Just as the last 
glaCial maximum left traces of shorelines 
330 feet below the present sea level, so 
previous interglacial periods left their 
traces on raised beaches that can be 
recognized on shore. The curious and 
disturbing fact is that each of the earlier 
Quaternary interglacials left raised 
beaches higher than the later ones. On 
a fairly steep coastline they appear like 
a Bight of steps, the oldest and most 
poorly preserved being the highest, the 
youngest and clearest being the lowest 
[see illustration on pages 70 and 71]. 
The highest terraces place the most 

ancient Quaternary high-water mark 
roughly 330 feet above the present 
sea level. It might thus appear that the 
deluge of Scripture was dwarfed by the 
floods that followed earlier glaciations. 

1-'he apparent long-term fall in the sea 
level might be explained by the sink­

ing of the ocean floor. But the evidence 
which places the rate of sinking at .02 
or .2 millimeter per year could not ac­
count for a fall of about 330 feet in the 
sea level in 600,000 years. Tectonic proc­
esses could have brought it down only 
about 110 feet. (The longer-term subsi­
dence of the sea floor, reaching back mil­
lions of years before the dawn of the 
Quaternary period, may reflect oscilla­
tions in the crust generated in the course 
of earlier ice ages, starting with the Pre­
Cambrian.) 

At this point the great mass of antarc­
tic and Greenland ice must be brought 
into the equation. If this ice were to be 
melted suddenly (by who knows what 
catastrophic agency) and returned to 
the sea, it would immediately raise the 
sea level 330 feet, almost to the shore­
line of the ocean at the opening of the 
Quaternary period. Naturally there 
would be isostatic compensation for the 
new redistribution of the water burden 
over the earth's crust; and such compen­
sation, proceeding sluggishly over the 
next geologic period, might again reduce 
the sea level somewhat. 

The history of the Quaternary ice age 
thus leads to one dominant conclusion: 
The sea level is a most variable plane, 
a sensitive indicator of even minor world 
climatic change. From this follows an­
other somewhat more surprising conclu­
sion. Since the geoid corresponds to the 
sea level at any given time, the geoid it­
self must vary with the cycle of world 
climate. It fluctuates around three 
norms, assuming its minimum dimension 
in the relatively brief glacial stages when 
vast ice sheets cover much of the earth, 
and reaching its maximum in the long 
periods when the earth is relatively free 
of ice. In interglacial periods like the 
present, when a large portion of the 
earth's water is still tied up in the Green­
land and antarctic icecaps, the sea level, 
and hence the geoid, oscillate between 
these extremes. 

The Quaternary ice age now appears 
to be drawing to a close. A slow swing 
to a warm climate could melt the last of 
the great glaciers. Then another great 
deluge will drown present shorelines 
and submerge many centers of whatever 
civilization is there to witness it. 
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OPEN·FIELD EXPERIMENT illustrates how the behavior of a 

full.grown rat stimulated during infancy differs from that of a 

previously nonstimulated one. This multiple·exposure photograph 
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shows how a nonstimulated rat (lower right) cowers in a corner 
when placed in an unfamiliar environment; the stimulated animal 

is much more willing to run about and explore his surroundings. 
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Stimulation in Infancy 
Both painful shocks and gentle handling enhance the development 

of normal stress responses in infant animals. The absence of such 

treatment leads to behavioral disorders when the animal matures 

W
hen the Emperor of Lilliput 
accepted Lemuel Gulliver into 
favor, His Most Sublime Maj­

esty first secured Gulliver's solemn oath 
upon an agreement to observe certain 
rules of etiquette. The fourth article of 
the agreement stipulated that Gulliver 
should not take any Lilliputian subjects 
into his hands without their consent. 
Gulliver learned later to appreciate the 
sentiments behind this article in an in­
tensely subjective way. In the country of 
Brobdingnag he was himself picked up 
in the huge hand of a Brobdingnagian. 
He recalled his reactions: "All I ventured 
was to raise my eyes towards the sun, 
and place my hands together in a sup­
plicating posture, and to speak some 
words in an humble melancholy tone, 
suitable to the condition I then was in." 

What Jonathan Swift describes here 
is the essence of an experience that be­
falls children and small animals every 
day. It happens whenever a parent picks 
up a baby, or a child tussles with his 
puppy. Almost all experiences of infancy 
involve some handling by a parent or 
some other larger and supremely power­
ful figure. Even the tenderest handling 
must at times be the occasion of emo­
tional stress. Perhaps the only children 
insulated from such experience are those 
reared in orphanages and other institu­
tions, and the only animals those that 
live in laboratories. Certainly the labora­
tory animal must find a minimum of 
stress and little stimulation of any other 
kind in an environment controlled for 
temperature, humidity, light and so on. 
In the ordinary world the infant must 
grow under the changing pressures and 
sudden challenges of an inconstant en­
vironment. One may well wonder how 
the stressful experiences of infancy affect 
the behavior and physiology of the adult 
organism later on. 

by Seymour Levine 

When in 1954 we began our investiga­
tions into the broad area defined by this 
question, we naturally turned first to the 
presumably more obvious effects of early 
painful or traumatic experience. We sub­
jected a group of infant rats to mild 
electric shocks, scheduled at the same 
hour each day. For control purposes we 
routinely placed the members of another 
group in the shock cage for the same 
length of time each day but did not give 
them shocks. A third group of infant rats 
was left in the nest and not handled at 
all. We expected that the shocked rats 
would be affected by their experience, 
and we looked for signs of emotional dis­
order when they reached adulthood. To 
our surprise it was the second control 
group-the rats we had not handled at 
all-that behaved in a peculiar manner. 
The behavior of the shocked rats could 
not be distinguished from that of the 
control group which had experienced 
the same handling but no electric shock. 
Thus the results of our first experiment 
caused us to reframe our question. Our 
investigation at the Columbus Psychi­
atric Institute and Hospital of Ohio State 
University has since been concerned not 
so much with the effects of stressful 
experience-which after all is the more 
usual experience of infants-as with the 
effects of the absence of such experience 
in infancy. 

We have repeated our original experi-
ment many times, subjecting the in­

fant animals to a variety of stresses and 
degrees of handling. Invariably it is the 
non manipulated "controls" that exhibit 
deviations of behavior and physiology 
when they are tested as adults. Signif­
icantly these deviations involve the or­
ganism's response to stress, and they 
show up in most of the diverse aspects 
of that response. In a standard behav-

ioral test, for example, the animal is 
placed in the unfamiliar, but otherwise 
neutral, surroundings of a transparent 
plastic box. The non manipulated ani­
mals crouch in a corner of the box; ani­
mals that have been handled and sub­
jected to stress in infancy freely explore 
the space. The same contrast in behavior 
may be observed and recorded quantita­
tively in the "open field": an area three 
feet square marked off into smaller 
squares. In terms of the number of 
squares crossed during a fixed time peri­
od, shocked and manipulated animals 
show a much greater willingness to run 
about and explore their surroundings. 
In both situations the nonmanipulated 
animals, cowering in a corner or creep­
ing timidly about, tend to defecate and 
urinate frequently. Since these functions 
are largely controlled by the sympathetic 
nervous system, and since certain re­
sponses to stress are principally organ­
ized around the sympathetic nervous sys­
tem, this behavior is a sure sign of reac­
tivity to stress. 

Another objective and quantitative in­
dex of stress response is provided by the 
hormones and glands of the endocrine 
system. Under stress, in response to 
prompting by the central nervous sys­
tem, the pituitary releases larger quan­
tities of various hormones, one of the 
principal ones being the adrenal-corti co­
trophic hormone (ACTH). Stimulation 
by ACTH causes the outer layer, or cor­
tex, of the adrenal gland to step up the 
release of its several steroids; distributed 
by the bloodstream, these hormones ac­
celerate the metabolism of the tissues in 
such a way as to maintain their integrity 
under stress. The activity of the endo­
crine system may be measured conven­
iently in a number of ways: by the en­
largement of the adrenal glands, by the 
volume of adrenal steroids in circulation 
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or by the depletion of ascorbic acid (vit­
amin C) in the adrenals. By some of 
these measurements the nonstimulated 
animals showed a markedly higher reac­
tivity when subjected to a variety of 
stresses, including toxic injection of glu­
cose, conditioning to avoid a painful 
stimulus and swimming in a water maze. 

The conclusion that these animals are 
hyperreactive to stress is, however, an 
oversimplification that conceals an even 
more important difference in their stress 
response. Recently we measured the 

steroids in circulation in both stimulated 
and nonstimulated animals during the 
period immediately following stress by 
electric shock. Whereas the two groups 
showed the same volume of steroids in 
circulation before shock, the animals 
that had been exposed to stress in in­
fancy showed a much higher output of 
steroids in the first 15 minutes after 
shock. The nonstimulated animals 
achieve the same output but more slow­
ly, and appear to maintain a high level of 
steroid secretion for a longer period of 

time. There is thus a distinct difference 
in the pattern. of the stress response in 
the two kinds of animal. 

This observation acquires its full sig­
nificance when it is considered in the 
light of the biological function of the 
stress response. The speed and short 
duration of the response in the stimu­
lated animal obviously serve the useful 
purpose of mobilizing the resources of 
the organism at the moment when it is 
under stress. The delay in the endocrine 
response of the nonstimulated animal 

MILD STIMULATION consisted of picking up the infant rats, re· 

moving them from their breeding cage and enclosing them in a 

small compartment for three minutes a day. The rats were then reo 

turned to their nests. The rats shown here are about 11 days old. 

82 

© 1960 SCIENTIFIC AMERICAN, INC



is thus, by contrast, maladaptive. More­
over, the prolongation of the stress re­
sponse, as observed in these animals, 
can have severely damaging conse­
quences: stomach ulcers, increased sus­
ceptibility to infection and eventually 
death due to adrenal exhaustion. 

The maladaptive nature of the stress 
response in the nonmanipulated ani­

mal is further manifested in the fact that 
it may be elicited in such a neutral 
situation as the open-field test. The ani-

mal that has been manipulated in iu­
fancy shows no physiological stress re­
sponse in this situation although it ex­
hibits a vigorous and immediate endo­
crine response when challenged by the 
pain and threat of an electric shock. 

In this connection we have made the 
interesting discovery that stimulation by 
handling and stress hastens the matura­
tion of the stress response in the infant 
animal. Although the adrenal glands be­
gin to function shortly after birth and the 
pituitary appears to contain ACTH early 

in the course of development, the nerve 
mechanism that controls the release Gf 
ACTH does not seem to come into oper­
ation until the rat is about 16 days of 
age. When we exposed infant rats that 
had been handled from birth to severe 
cold stress, however, they showed a sig­
nificant ACTH response as early as 12 
days of age. This four days' difference 
represents a considerable acceleration 
of development in the rat, equivalent to 
several months in the growth of a human 
infant. The manipulated animals, more-

PAINFUL STIMULATION consisted of subjecting the infant rats 
to an electric shock lasting from several seconds to several minutes. 

The effects on the rat's behavior as an adult were indistinguishable 

from those produced by the routine shown on the opposite page. 
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RESPONSES TO STRESS are partly controlled by the pathways 

shown in this diagram of the human sympathetic nervous system. 

Sympathetic fibers (solid colored lines) originating in the spinal 
cord (far left) innervate the internal organs via the chain ganglia 

(left center) and the ganglia of the celiac plexus (right center). 
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over, reached an adult level of response 
considerably earlier than their untreated 
litter mates. 

From the evidence it may be inferred 
that stimulation must have accelerated 
the maturation of the central nervous 
system in these animals. We have direct 
evidence that this is so from analysis of 
the brain tissue of our subjects. The 
brains of infant rats that have been 
handled from birth show a distinctly 
higher cholesterol content. Since the 
cholesterol content of the brain is related 
principally to the brain's white matter, 
this is evidence that in these animals the 
maturation of structure parallels the mat­
uration of function. 

In all respects, in fact, the manipu­
lated infants exhibit a more rapid rate of 
development. They open their eyes ear­
lier and achieve motor coordination 
sooner. Their body hair grows faster, and 
they tend to be significantly heavier at 
weaning. They continue to gain weight 
more rapidly than the nonstimulated ani­
mals even after the course of stimulation 
has been completed at three weeks of 
age. Their more vigorous growth does 
not seem to be related to food intake 
but to better utilization of the food con­
sumed and probably to a higher output 
of the somatotrophic (growth) hormone 
from the pituitary. These animals may 
also possess a higher resistance to patho­
genic agents; they survive an injection 
of leukemia cells for a considerably long­
er time. 

Another contrast between the stimu­
lated and unstimulated animals devel­
oped when we electrically destroyed the 
septal region of their brains, the region 
between and under the hemispheres 
of the midbrain. Such damage makes 
an animal hyperexcitable, vicious and 
flighty. It will attack a pencil extended 
to it, react with extreme startle to a 
tap on the back, is exceedingly difficult 
to capture and upon capture will bite 
wildly and squeal loudly. In systematic 
observation of these responses we found 
that manipulated animals are far '(amer 
postoperatively than non manipulated 
ones. The latter rank as the most ex­
citable and vicious rats we have ever 
observed in the laboratory; it was not 
unusual for one of these animals to pur­
sue us around the room, squealing and 
attacking our shoes and pants legs. 

At the very least our experiments 
yield all additional explanation for the 
variability among laboratory animals 
that so often confuses results in experi­
mental biology. This has been attributed 
to genetic differences, unknown factors 
and sometimes to experimental error. It 
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is apparent that the character of early 
infant experience is another important 
determinant of individual differences in 
animals. 

The same consideration leads to the 
broader question of "nature v. nur­

ture," that is, the contribution of genetic 
factors as opposed to the influence of 
the environment. Both sets of factors 
are essential ,md they interact to give 
rise to the individual organism. The basic 
patterns of development are most likely 
determined by heredity. But the genetic 
determinants do not find expression ex­
cept in interaction with various aspects 
of the environment. In the normal course 
of events the environment provides the 
substance, energy and milieu for the un­
folding of the organism's potentialities; 
in the extreme, environmental influences 
can determine whether the process of 
development will continue and produce 
an organism. In other words, organisms 
do not grow in a vacuum. This is true 
even of our non treated animals: litter 
mates and the routine laboratory pro­
cedures furnish stimulation of all kinds. 
Such stimulation does not compare, 
however, with that provided by our ex­
perimental treatments. We have dealt 
with only a limited range of effects, and 
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have focused primarily on the physio­
logical and behavioral responses to 
stress. But our results clearly indicate 
that stimulation of the infant organism 
has quite universal consequences upon 
the behavior and physiology of the adult. 

One must be careful in attempting to 
bridge the gap between animal experi­
mentation and human biology. The ef­
fects of early experience have proved to 
be significant, however, in many species 
of mammal, including the monkey, dog, 
cat, guinea pig and mouse, and in such 
nonmammals as fish and fowl. It cannot 
be said that the phenomenon is species­
limited. A great deal of clinical evidence, 
moreover, clearly indicates that infant 
experience in humans has a profound 
effect in shaping the character and con­
stitution of the adult. Investigators con­
cerned with maternal deprivation report 
that children raised in foundling homes 
develop at a retarded rate and are more 
susceptible to disease. These observa­
tions are similar to those we have made 
in our animal experiments. It may be 
that the detrimental effects of the found­
ling home have less to do with maternal 
deprivation than with the simple lack of 
stimulation that is inevitable in most 
such environments. The character of 
early experience may thus also underlie 

many problems in psychosomatic medi­
cine and may explain in part why one 
individual develops ulcers, another mi­
graine headaches and yet another shows 
little or no psychosomatic involvement 
under the same pressures of living. 

One of the most encouraging aspects 
of our research is that it has raised more 
questions than it has answered. We have 
not yet, for example, identified the criti­
cal element in our stimulation proce­
dures that leads to such predictable and 
profound effects. Painful and extreme 
forms of stimulation seem to have effects 
indistinguishable from those produced 
by merely picking up an animal and 
placing it in another location for a brief 
period of time. Is picking up an infant 
organism as casual and insignificant a 
procedure as it appears? Or is the ex­
perience of the infant closer to that of 
Gulliver in Brobdingnag? Mere han­
dling may, in fact, constitute a stimula­
tion as compelling and severe as the 
more obviously traumatic forms of 
stimulation. It may be that some degree 
of stressful experience in infancy is 
necessary for successful adaptation of 
the organism to the environment it en­
counters in later life. 

.Another important question is whether 
there is a critical infantile period 

(or periods) during which stimulation is 
most effective. The evidence so far points 
to a period following immediately after 
birth. In one study we handled the ani­
mals in three separate groups for four 
days each, from the second through the 
fifth day, from the sixth through the 
ninth day and from the 10th through the 
13th day. When we tested them for 
stress response on the 14th day, only the 
first group showed any evidence that 
they were capable of an endocrine re­
sponse. Other investigators have had 
similar results. This should not be taken 
to mean, however, that stimulation has 
no effect after the critical period is past 
or that one critical period sets all re­
sponses. 

Still other questions have not yet been 
satisfied by even partial answers. There 
is, for example, the question of therapy: 
Can the effects of lack of stimulation in 
the critical period be counteracted by 
stimulation of any sort after the critical 
period has passed? The most pressing 
question-the most "stimulating" ques­
tion-is how stimulation causes change in 
the infant organism. The answer to this 
question should lead to a fuller under­
standing of the differences between indi­
vidual constitutions and of the physio­
logical mechanisms that are involved in 
behavior. 
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--Kodak reports on: 
walking a .030" fence to communicate by sight and sound • . .  lenses for the new phosphors 

The paradox of 8 
How would you like a good sound re­
corder that also shows movies? For 
$345 list. 

Make your movies with a regular 
8mm camera. If you want a suggestion, 
it could be a Brownie Movie Camera, 
which starts as low as $24.50 list. Have 
your film processed. Either then or 
after editing, have the dealer send it to 
us for Kodak Sonotrack Coating, a 
magnetic stripe .030" wide between 
the sprocket holes and the edge of the 
film. Project with the new Kodak 
Sound 8 Projector and into the little 
microphone speak your comments. In 
case of afterthoughts, solecism, or 
fuzzy rhetoric, hit the knob (excellent 
brakes) and the "record" switch, re­
verse, throw into forward, and record 

again. This takes care of erasing. Start 
again in the middle of a sentence if you 
wish. No waiting to reach recording 
speed. Project again to listen back. 
When completely satisfied with telling 
the story in English, you can erase and 
retell it on the same film in the Lu­
ganda tongue. 

This is quite a system of communi­
cation. Use it to instruct your Swazi­
land branch office. Report to the home 
office on whether the breakwater at 
Pago Pago needs rebuilding and how 
the swallows come in for the landing 
at Capistrano. Save days of literary 
toil. What few words the movies leave 
to be said are more convincing when 
heard in accompaniment to the sight 
of the action. (As for combined records 
of the children's voices and swiftly 
changing ways, shame on sentiment!) 

We owe you an explanation of why 
you have heard very little hitherto 
about 8mm sound movies. A paradox 

bedevils the manufacturer. To yield 
accustomed quality of performance, 
he has to build the machine more than 
twice as good as a 16mm sound rig, 
but he is expected to sell it for less than 
half the price. For accomplishing this, 
they don't even award Nobel Prizes. 

Because of the very small width of 
the magnetic stripe and the relatively 
high tracking force, the magnetic head 
must be hard physically so that the 
gap shall not wear down to another 
dimension and thus lose sound quality. 
At the same time it must be soft mag­
netically to conduct but not retain flux. 

We wish we could boast that the 
practically wear-proof aluminum-iron 
alloy we use for the .020"-wide head 
was developed by us, but actually it 
was developed by the Naval Ordnance 
Laboratory for their own purposes. 
We do, though, lay claim to the credit 
for a system that gives 70 to 5500 
cycles/sec frequency response while 
running at only 2.4 inches/sec-as at 
16 frames/sec. Jt does even better at 24 
frames/sec speed. We went to some 
lengths, engineeringwise, to provide 
the latter speed when we heard that 
some segments of the motion picture 
industry might be offering 8mm rental 
prints of their theater releases. 

Demonstratiolls cheer/ully gil'en where 
the "Kodak" sigll is displayed. Say dis­
tinctly: Kodak SOlllid 8 Projector. 

Heat from the tubes 
Create a stream of electrons, focus 
them into a sharp pencil, and write or 
draw with it. Great Zeus! There is an 
idea worth noting in the history of 
man's climb upward from the slime! 
Whither it will lead tomorrow can 
only be guessed at. Today there are 
contracts to be fulfilled (and possibly 
money to be made) by finding a lens 
to image some smart writing from a 
cathode-ray tube to photographic ma­
terial and then doing something fur­
ther smart from there. 

A lens? It so happens that you have 
come to the right place, you there with 
the black boxes. Your suspicion may 
well be justified that the old photo­
enlarging lens which images your cor 
tube on a piece of drugstore film could 
be missing some of the voluminous de­
tail being poured forth so ferociously 
by your black boxes. (Better not to 
disclose what happens in them. Kodak, 
too, makes mysterious black boxes. 
]t's the American way.) 

Formula M-236 is our designation 

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 

for- a beaut of a lens. It represents our 
response to the heat being put on our 
end of the cor recording business by 
the tube makers. As long as their 
phosphors couldn't show any finer de­
tail than 10 lines per millimeter on 
the tube face, it was silly to fuss over 
the lens. Now that they can put down 
100 lines per millimeter, a basic fact 
of lens design must be faced. A lens 
designed for distant objects, as most 
photographic lenses are, cannot func­
tion at its best for 4:1 reduction. * 

M-236 is designed for 4:1 reduction. 
Here, for the guidance of the man who 
needs to design equipment around the 
finest cathode-ray tube lens currently 
available on special order, and to the 
intense boredom of the man who 
doesn't, are the dimensions: 

'.90
�=l 2 .09" AT 4X� r---t-----:= I j 1 .575" x 50 I � INS-?T T;; �I'� 

11'-,-'1., \..JL---':.-' 0 a... t; 1 � �
-- gl� �� . �� 

2 1 I �I� 
�ty-9.00" AT 4X -- ,.54,,---L-, . 62" AT 4X-j 

The lens is achromatized for P-16 
phosphor. When the diaphragm is wide 
open to the 1/2.0 mark, the edge of the 
1.700 "-diameter image gets 35 % as 
much illumination as the center. If 
that image size is too small, or if you 
use P-II instead of P-16, we have 
several other cor lens designs of longer 
focal length and for lesser reduction. 

As to the resolution, we could quote 
a lot of numbers that are obviously 
supposed to make your jaw hang slack 
but don't mean a thing until you pick 
the film to use with the lens. For this 
you must be prepared to answer ques­
tions on how much voltage to light the 
tube, how much time to record, how 
many seconds to process (!), how to 
be read, etc. 

Then you get ill touch Wilh Eastmall 
Kodak Company, Special Products Di­
visioll, Rochester 4, N. Y. No obligatioll, 
0/ course, but what did you say the color 
0/ your mOlley was? 

*Visitors to Rochester are sometimes permitted a 
glimpse al a mathematician of ours who thinks, 
after some years of. immersion in matrix algebra, 
that by and by he will be able to write a computer 
program which, for any set of circumstances what­
ever, will design the best possible lens. 

Pr;ces quoted are subjecllo 
change withollt notice. 
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Cross section view of typical unbalanced 
mechanical face seal utilizing Kennametal ce­
mented carbides as seal ring material. 

USE KENNAMETAL* 
... and seal it for certain 

When even a little leakage matters a lot 
... Kennametal Seal Rings can effect 
a substantially leakproof seal with a 
minimum of lubrication. 

Kennametal materials have a YME 
up to 94-million psi, compared to 
steel's 30-million. This high rigidity 
permits more compact seal designs 
and use of smaller width, smaller 
thickness rings. 

Kennametal Seal Rings can be 
lapped to a flatness less than half a 
light band, with a surface finish 
better than one-half microinch. And 
they retain this flatness over an al­
most unlimited range of operating 
conditions. 

When used against faces of graph­
ite or carbon, Kennametal Seal Rings 
lengthen seal life. There is no phase 
change of the rings upon heating and 
cooling. And high resistance to abra­
sion and erosion prevents smearing 
or grooving of the seal face. 

Kennametal Seal Rings have been 
successfully used for gases, fluids, 
slurries, acids, Lox, Freon, synthetic 
and petroleum base fuels, exotic 
fuels, basic solutions, organic sol­
vents and butyl extracts. 

Special Kennametal grades solve 
many different seal ring problems. 
Kentanium, * for example, is a hard 
titanium carbide alloy that retains 
all the advantages of Kennametal at 
temperatures of 2200°F and above. 

Write for booklets BI11A-"Char­
acteristics of Kennametal" and 
B444A-"Kentanium" for more in­
formation about these materials. 
KENNAMETAL INC., Department SA, 
Latrobe, Pennsylvania. 97254 
-Trademark 
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Satellites 

T
he launching of Pioneer V into its 
solar orbit and of Tims, the 
weather observer, and Transit I-B, 

the beacon, brought to 13 the number 
of man-made vehicles still intruding on 
space. Ten of them are traveling around 
the earth and three around the sun. 

Tims, following the most nearly cir­
cular orbit yet achieved, and carrying 
television cameras and automatic posi­
tioning equipment, is the first satellite 
adapted to systematic observation of the 
earth. In its first two days aloft it re­
turned 1,200 pictures of the earth's 
cloud cover as seen from an altitude of 
450 miles. It can make and transmit 120 
such pictures on each 99-minute revolu­
tion. From future vehicles of the same 
type meteorologists may acquire valu­
able information for weather forecast­
ing, especially for tracking storms that 
originate over the oceans. Perhaps the 
most notable feature of the vehicle is the 
excellent performance of its complex 
electronic devices. 

The circuitry on Pioneer V was also 
working well. As the satellite moved far­
ther out on its orbit between the earth 
and Venus, its five-watt transmitter con­
tinued to send information from dis­
tances beyond two million miles. In its 
first days Pioneer V confirmed the exis­
tence of two phenomena, each of which 
has been detected only once before. The 
first is the "ring current," a stream of 
low-energy protons and electrons cir­
cling the earth at a distance of 20,000 
to 28,000 miles. It had previously been 
encountered by Explorer VI. The second 
was a region of magnetic turbulence 

SCIENCE AND 
where the "solar wind" of protons 
streaming from the sun meets the earth's 
magnetic field. Evidence of this turbu­
lent boundary region had come earlier 
from Pioneer I. On about May 15 a 
larger transmitter with a power of 150 
watts will start to operate in Pioneer V. 
This transmitter is expected to maintain 
contact out to 50 million miles. 

Still beeping after two years in space 
is the grapefruit-sized Vanguard I. Dur­
ing nearly 8,000 circuits of the earth 
completed by its second anniversary, it 
has wandered about a mile off its pre­
dicted course. The discrepancy has been 
traced to the pressure of sunlight. Cal­
culations indicate that light pressure will 
exert an even greater effect on large, 
lightweight satellites. 

An earlier result of studies of the Van­
guard 1 orbit has recently been chal­
lenged. J. L. Brenner of the Stanford 
Research Institute and R. Fulton and N. 
Sherman of the University of California 
write in American Rocket Society Jour­
nal that perturbations in the satellite's 
path do not warrant the conclusion that 
the earth is pear-shaped. Their analysis 
shows that a symmetrical earth could 
also give rise to the observed motion. 

A Red-Shift Confirmed 

'rhe principle of equivalence, the 
foundation on which the general 

theory of relativity rests, has been con­
firmed by laboratory test. R. V. Pound 
and Glen A. Rebka, Jr., of Harvard Uni­
versity have found that electromagnetic 
waves change frequency when they rise 
or fall in the earth's gravitational field. 

This effect was predicted by Albert 
Einstein when he postulated that inertial 
force (i.e., force arising from accelerated 
motion) should be equivalent in every 
way to gravitational force. Applied to 
electromagnetic radiation, the principle 
implies that photons, or quanta of radia­
tion, lose energy in moving up against 
gravity, and gain it in falling down, just 
as material bodies do. Since a photon's 
energy is proportional to its frequency, 
the change will be reflected as a shift in 
frequency. Thus visible light moving 
outward from a massive star is expected 
to decrease in frequency, its color shift­
ing toward the red end of the spectrum. 
However, several other influences also 
change the frequency of starlight, so 

© 1960 SCIENTIFIC AMERICAN, INC



THE CITIZEN 
astronomers are unable to measure the 
gravitational red-shift unambiguously. 

On a terrestrial scale the predicted 
effect is so small that, until recently, 
there was no hope of finding it at all. 
To do so requires a beam of waves of 
very nearly uniform frequency as well as 
a means of detecting a tiny shift in the 
frequency. Then R. L. Mossbauer, a 
German physicist, discovered that radio­
active nuclei in certain crystals emit 
gamma rays with an extremely narrow 
band of frequencies. Furthermore, the 
ability of nonradioactive nuclei of the 
same species to absorb the radiation is 
highly sensitive to a change in frequency 
[see "The Mossbauer Effect," by Sergio 
De Benedetti; SCIENTIFIC AMERICAN, 
April]. 

Pound and Rebka made use of this 
property in nuclei of iron 57. They 
placed an emitter of the material at one 
end of a 70-foot tower and an absorber 
at the other, and observed the frequency­
shift in the photons that traveled up or 
down. In their early experiments they 
found that variations from other sources, 
particularly temperature changes, 
masked the small effect they were look­
ing for. After the sources of error were 
discovered and taken into account, they 
measured a gravitational frequency-shift 
just 5 per cent greater than the pre­
dicted value, with a statistical error of 
10 per cent. Reporting their result in 
PhYSical Review Letters, they say that 
further trials should reduce the error by 
a factor of four. 

While the experiment appears to con­
firm the principle of equivalence, it says 
nothing about the specific theory that 
Einstein built upon the principle. Ac­
cording to L. I. Schiff of Stanford Uni­
verSity a definitive test of this theory 
would be provided by the precessional 
motion of a gyroscope mounted in an 
artificial earth satellite. Also writing in 
Physical Review Lette1's, he suggests 
that a sufficiently sensitive gyroscope 
might be made of a superconducting 
sphere spinning on a virtually friction­
less magnetic bearing. 

Food-Additives Curb 

Since March 6 the addition of chemi­
cals to foods has been under the 

regulation of the 1958 Food Additives 
Amendment to the Food. Drug and 

SAGINAW 
ball/beari ng 

SCREW 
A rugged Saginaw Ball Bearing Screw is used to raise and 
lower the new "Jetway" passenger loading corridor, 
manufactured by P I Steel Corporation in Los Angeles. It's 
now in operation for United Air Lines at San Francisco and 
New York's Idlewild Airport. These movable, telescoping 
corridors directly connect terminal and aircraft. Travelers 
pass through, protected from wind, rain, fumes and noise. 

The Saginaw bib Screw used here is a standard rolled thread 
assembly with a B.C.D. of three incbes and measuring seven 
feet in length. The Saginaw Screw is in a motor-driven shaft 
under the outboard section of the "Jetway" ... and in 
seconds, smoothly and accurately matches the Aoor elevation 
of the huge corridor to that of the plane. 

Airlines specifically avoided hydraulic elevating systems­
the Saginaw bib Screw was selected because it converts 
rotary motion into linear motion with over 90% efficiency, 
plus contributing important savings in maintenance and 
power and providing noise-free operation. The Saginaw bib 
Screw may bring these and other profitable benefits to your 
product, too. Details are yours by phoning or writing Saginaw 
Steering Gear Division, General Motors Corporation, 
Saginaw, Michigan -world's largest producers of 
bib screws and splines. 

lifm: giant'1RAV�U NG" OOttidot 

Actuation To fir Your I"dividual • .".ireme.rs 
Have been built as small as 0/16 in. B.C.D. and 
% in. long, as large as 6 in. B.C.D. and 40 ft. 
long. larger sizes can be built to your order. 

• 

aqUUI.UT 
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Installed at Atomics International, Canoga Park, California, Stokes 
50KW vacuum furnace is accomplishing diverse and unusual melting 
and casting tasks. 

Photograph 
courtesy of 
Atomics 
International, a 
division of North 
American 
Aviation, Inc. 

How a Stokes vacuum furnace handles 
tough nuclear assignments ... 

There's practically no margin for error in melting 
and casting uranium for reactor fuel. For the excep­
tional precision and unusual versatility of equipment 
demanded in this application, Atomics International, 
a division of North American Aviation, Inc., in­
stalled a Stokes 50KW vacuum casting furnace. 

The Stokes furnace has handled some notably tough 
assignments at Atomics International. For example, 
it cast long, hollow uranium cylinders to such size 
tolerances that no subsequent machining was re­
quired. For another project, the furnace was operated 
remotely in the· casting of uranium fuel slugs. In 
both applications, maximum precision had to be 
sustained through tight, large-scale production sched­
ules. The achievement of melting assignments such 
as these demand nothing short of the utmost in 
equipment and process efficiency. 

Take advantage of Stokes advanced vacuum tech­
nology. The Stokes Engineering Advisory Service 
will help you plan the installation that best meets 
your individual requirements. 

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

90 

Cosmetics Act. The Amendment puts 
the burden of proving safety on proces­
sors who wish to introduce a new food 
additive, in much the way that drug 
manufaoturers are required to prove the 
safety of new drugs. Chemicals in pack­
aging materials, as well as those added 
directly to foods, are covered by the 
Amendment. An additional provision, 
the Delaney clause, flatly bars any sub­
stance shown to have induced cancer in 
any animal. It was under this clause that 
the Food and Drug Administration last 
fall banned cranberries contaminated 
with the weed-killer aminotriazole. 

Moleculq,r Crossbreeding 

Chemists at Harvard University have 
learned how to make hybrid mole­

cules of the genetic material deoxyribo­
nucleic acid (DNA) in the test tube. 
With a simple heating and cooling treat­
ment they can pull apart the strands of 
the double-stranded molecule and then 
either rejoin them or cause them to pair 
up with strands from different individ­
uals to form biologically active molec­
ular hybrids. The new technique is a 
powerful tool for investigating the mech­
anism of heredity. 

It had long been known that DNA is 
inactivated by heating. Measurements 
showed that heating cut in half the 
molecular weight of the material, pre­
sumably by separating its strands. On 
cooling, however, the preparation usually 
regained a small fraction of its biological 
activity. Investigating this process at 
Harvard, Paul Doty and Julius Marmur 
discovered that when a heated sample of 
DNA is cooled very quickly, practically 
all of the strands remain separate (and 
inactive) . On the other hand, slow, con­
trolled cooling results in the recombina­
tion of most of the strands into normal, 
biologically active DNA molecules. 

In PTOceedings of the National Acad­
emy of Sciences the chemists describe 
how they made hybrid DNA from two 
bacterial strains. One strain was grown 
on a medium containing ordinary nitro­
gen of atomic weight 14. The other was 
grown on a nitrogen- 15 medium. DNA 
extracted from both organisms was 
heated and quickly cooled. Then the 
preparations were combined and cooled 
slowly. The resulting mixture contained 
molecules of DNA whose weight showed 
that half of their nitrogen was N- 14 and 
half N- 15. 

In a biological test Doty and Mannur 
crossed the DNA from a streptomycin­
resistant strain of bacteria with that from 
a normal streptomycin-sensitive strain. 
More than half of the new DNA was of 
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AT RAVTHEON-

Scientific Imagination Focuses on-
IONOSPHERIC PROPAGATION 

i 
I . 

(1 i 
Modern long range communication and detection ' I ( 
systems require a detailed knowledge of the charged 1 /', 
portion of the upper atmosphere known as the iono- ,1 ' 
sphere. For the past ten years Raytheon scientists and r / 
engineers have been engaged in experimental and i 
theoretical studies of ionospheric effects on electro­
magnetic propagation. 

A key factor in successful long range radio communi­
cation is the selection of the frequency that, after 
reflection by the ionosphere, will provide the strongest 
signal at the receiving terminal. Choosing the optimum 
frequency for transmission requires determination of 
"skip distance"-the minimum distance from a trans­
mitter at which ionospheric propagated signals will be 
received-as a function of operating frequency. 

To provide this information Raytheon designed and 
developed COZI, a communication zone indicator 
which instantaneously measures skip distance in the 
5-30 mc band at the transmitting site. It records the 
time interval between a transmitted signal and a por­
tion of a signal that has been doubly reflected back 
(back-scattered) to the transmitting site by the earth's 
surface and the ionosphere. The interval is then con­
verted to skip distance and from this data optimum 
frec;uencies can be selected for communicating with 
any desired point in a range of 2,000 miles or more. 

�'THEON eOMPAN •• W ..... m. M.... _ 
Excellence in Electronics 

Among the scientists who have initiated 
and carried out the basic propagation 
research responsible for COZI are L. C. 
Edwards and D. A. Hedlund of Raytheon'S 
Equipment Division. 
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First highly detailed photograph 
of sun's outer atmosphere 
made by vacuum ultra-violet 
light, and the U. S. Naval 
Research Laboratory rocket 
camera thai did it. (Official 
U. S. Navy photographs) 

NEW LIGHT 
ON OLD SOL 

Bausch & Lomb Gratings show you 

things you've never seen before 

---------------------( 
Here's a new view of the sun, taken with a wavelength of solar light 

that is thought to affect weather and radio communications. 

Since this wavelength is absorbed in the earth's atmosphere the 

camera had to be rocketed 123 miles up. To limit image-forming light 

to this single wavelength-the Lyman-alpha line of hydrogen 

at 1216A-the camera used B&L diffraction gratings for the optical 

elements. These gratings were ruled-15,OOO lines to the inch!­

and used in such a way as to deflect all other light except the 

Lyman-alpha wavelength out of the camera. In the sky, as in the 

laboratory, B&L gratings have given science 

new ways of looking at things. 

BAUSCH &- LOMB "NeeV"" 

WRITE for Catalog D·261-data on 

hundreds of plane and concave gratings 
to conrrol light to your specific wavelength 
needs. Bausch & Lomb Optical Co., 
69405 Bausch St., Rochester 2, N. Y. 

the resistant type, as proved by the fact 
that, when incorporated by other normal 
bacteria, it conferred resistance. Evi­
dently both halves of the original re­
sistant DNA carried the trait, and each 
strand was capable of producing it in a 

hybrid. 
The new technique will be valuable 

in tracing the effects of various gene 
combinations and of mutations. It sug­
gests the possibility of designing DNA 
to carry out speciRc functions in living 
cells. Participating with Doty and Mar­
mur in the experiments thus far have 
been Joseph Eigner, Carl Schildkraut 
and Dorothy Lane. 

Riddle of the Ridge 

The most striking feature of the earth's 
surface discovered in recent decades 

is the mid-ocean ridge running beneath 
all the oceans except the North PaciRc. 
The ridge is far longer than any moun­
tain system on land, with a total length 
of 45,000 miles. Along its crest there is a 
pronounced rift, as though the earth's 
crust were cracking apart on the line of 
the undersea range. Now seismic evi­
dence indicates that the ridge may be 
composed of rock thrust upward from 
the earth's mantle rather than of the 
sedimentary rock that characterizes con­
tinental mountain masses. Earthquake 
waves travel through it at the same 
speed as through mantle rock close to the 
earth's surface. 

The seismic data were reported by W. 
Maurice Ewing of the Lamont Geologi­
cal Observatory in a lecture delivered 
after he had received the Rrst Vetlesen 
prize, a new $25,000 biennial award for 
work in the earth sciences. The lecture 
was followed by a sharp debate on the 
origin and signiRcance of the crack in 
the ridge. Ewing and F. A. Vening 
Meinesz of the Netherlands think that 
the rift results from convection currents 
in the earth's mantle. Bruce C. Heezen 
of the Lamont Observatory attributes 
the cracks to the expansion of the earth, 
perhaps as the result of an intrinsic 
weakening of the force of gravity. 

That the universal gravitational at­
traction may be decreasing with time 
was Rrst suggested in 1937 by the British 
physicist P. A. M. Dirac. R. H. Dicke of 
Princeton University has calculated the 
effect of the suggested change upon 
the size of the earth; he concludes that 
the circumference of the earth might 
have grown by 1,100 miles in 3.25 bil­
lion years. Recently J. Tuzo Wilson of 
the University of Toronto pointed out in 
N atuTe that the increase in the surface 
area of the earth resulting from an 
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Naugatuck PARACRIL OZO 
THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 

... tough, oil-proof, weather-proof and colorful, too! 
The samples above should begin to give you some idea 
of the endless color possibilities in ozone-resistant 
rubber products made of new PARACRIL@ OlO. Now you 
can give your product color that sells . .. color that iden­
tifies for coding wire and cable jacketing ... color that 
blends or contrasts . .. color that works in a hundred 
ways. And you can give your product other superior 
properties, too. 

Along with color, new weather-resistant PARACRIL OlO 
gives you a combination of high abrasion resistance, oil 
resistance, flex life and other valuable rubber properties 
far surpassing conventional weather' resistant rubbers. 

Cast a new eye on the rubber product you make or buy. 
See the difference color makes. See your Naugatuck Chem­
ical Representative or write the address below for full infor­
mation on PARACRIL OlO and the advantages it offers. 

Naugatuck Chemical ® 
• • • •  . 557 P Elm Street RU ... R DIVISion of Umted States Rubber Company Naugatuck, Connecticut 

R,bber Chemicals' S,nlhellc Rubber· Pll$lIcs • A"lcultunl Chemicals· Reclaimed Rubber· L.tices . CANADA: N.u,aluck Chemicals DI.lsl". Dominion Rubber Co., Ltd., Elmln, Onlar; • .  CABLE: Rubuparl, N. Y. 
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Photograph by William Richards 

WALT SICHA CASTS THE UNCASTABLE 
If the fathers of today's foundrymen 
had looked at the blueprints for this 
aluminum impeller, their response would 
have been, "1m possible! " Neither alloys 
nor casting techniques of a generation 
ago were equal to such demands for 
quantity production of intricate shapes. 

Then along came inquisitive re­
searcher Walt Sicha. Over the years, 
Walt and his staff of 70 investigated 
thousands of experimental composi­
tions. They've found about two dozen 

alloys that make today's casting pos­
sible-and economical. What's more, 
Walt says that if none of these fits your 
requirements, give him some time and 
he'll find another that does. 

When they've picked the right alloy, 
Walt and his specialists will tackle 
technique. Because these men played 
leading roles in making aluminum cast­
ing commercially practical by every 
known method-sand, die, plaster and 
permanent mold-their counsel carries 

the stamp of authority and reliability. 
Walt Sicha is representative of 

Alcoa's 762 research specialists, by far 
the largest staff of any light-metals 
company. These are the people who 
built the aluminum industry. Their 
continuing contributions are one more 
example of the added values we put into 
every pound of Alcoa® Aluminum you 
buy. Aluminum Company of America, 
2019-E Alcoa Building, Pittsburgh 19, 
Pennsylvania. 

TALCDA ALUNlINUNl 
.. helps you design it, make it, sell it 
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Alcoa has hundreds of 

Walt Sic has to help you 

design it, make it, sell it 

All of Alcoa's skills are mobilized to a 
single purpose: To put more than just 
16 ounces of metal in every pound of 
Alcoa Aluminum you buy. Here are 12 
of the dozens of ways to do it: 

1. Research Leadership, bringing you 
the very latest in aluminum alloys and 
applications. 

2. Product Development by specialists 
in your industry and your markets. 

3. Process Development Labs for aid in 
finishing, joining and fabricating. 

4. Service Inspectors to help solve pro­
duction problems at your plant. 

S. Quality Control to meet top stand­
ards or match your special needs. 

6. Complete Line including all commer­
cial forms, alloys, gages, tempers. 

7. Availability via the nation's best 
stocked aluminum distributors. 

8. Foremost Library of films and books 
to help you do more with aluminum. 

9. Trained Salesmen with a wealth of 
on-the-spot information. 

10. Sales Administrators constantly on 
call to service your orders. 

11. Year-Round Promotions expanding 
your old markets, building new ones. 

12. The Alcoa Label, leading symbol of 
quality aluminum, to mark your goods. 

Added Values 

With Alcoa 

Aluminum 

• • • is a case book of Alcoa special 

services and a guide to their availa­

bility in design, manufacture and sales. 

Your copy, with some of the most re­

warding information you may ever 

read, is waiting and it's FREE. Write: 

Aluminum Company of America, 2019-E 
Alcoa Building, Pittsburgh 19, Pa. 

1,100-mile increase in circumference 
would be nearly equal to the total area 
of the mid-ocean ridges. Other geo­
physicists have suggested that variations 
in the density of matter in the earth's 
interior could have made the earth ex­
pand without any change in the gravita­
tional constant. 

In February Australian oceanogra­
phers discovered a new feature of the 
ocean floor: a deep trench in the Indian 
Ocean running parallel to the mid-ocean 
ridge 800 miles to the west. It is at least 
250 miles long and 10 to 20 miles wide 
at the top. 

Reversal of Resistance 

A large London hospital has reduced 
the incidence of antibiotic-resistant 

staphylococcal infections in its wards by 
forcing the bacteria back into an anti­
biotic-sensitive form. This was accom­
plished by reversing one of the key 
procedures followed by most hospitals in 
combatting the staphylococcal plague. 
Instead of reserving the newer anti­
biotics exclusively for patients ill with 
resistant infections, Mary Barber and 
her colleagues at Hammersmith Hospital 
prescribed full doses of two of these 
drugs for all patients requiring antibiotic 
treatment. One was a broad-spectrum 
agent such as tetracycline or chloram­
phenicol and the other was either ery­
thromycin or novobiocin. 

The new method was tested in wards 
to which 5,239 patients were admitted 
during a IS-month period. In addition, 
some of the more conventional anti­
staphylococcal measmes were em­
ployed. Vigorous steps were taken 
against cross-infection. Routine prophy­
laxis with antibiotics before surgery was 
discontinued. Penicillin was used as 
sparingly as possible, and, when pre­
scribed, was administered in such a way 
that it did not get into the air. 

At the start of the experiment 88 per 
cent of the staphylococci recovered from 
patients were resistant to penicillin, and 
70 per cent were resistant to the tetra­
cyclines as well. At the end only 36 per 
cent were resistant to both penicillin and 
tetracyclines, and an additional 16 per 
cent were resistant to penicillin alone. 

Oldest Rocks 

The proved age of the earth is finally 
approaching the known age of me­

teorites-4.5 billion years-believed on 
astronomical grounds to have been 
formed at the same time as the earth. 
Samples of basement rock recovered in 
South Africa have been found by the 

uranium-lead dating method to be at 
least four billion years old. The oldest 
rock previously known was a specimen 
of mica, estimated to be 3.4 billion years 
old, found near Murmansk in the 
U.S.S.R. in 1958. 

The new oldest rock was reported by 
A. L. Hales of the Bernard Price Insti­
tute in Johannesburg to a conference on 
geological dating at the New York Acad­
emy of Sciences. The conferees also cori­
structed the outline of a more accurate 
geological time-scale, based on a num­
ber of recently determined reference 
points. For example, C. H. Curtis of the 
University of California provided a new 
breakdown of the Tertiary period (the 
age of mammals) through his dating of 
volcanic ash from the western U. S. con­
taining a graded series of vertebrate 
fossils. 

The revised chronology pushes back 
several of the major subdivisions of past 
scales: The beginning of the Cambrian 
period (the era of the earliest marine 
fossils) is now set at 600 million years 
ago instead of 560 million. The Devo­
nian (the time of the first fishes) has 
been pushed to between 360 million and 
400 million years ago; the Permian 
(when many insects appeared) has been 
lengthened to 50 million years and 
moved back; the end of the Triassic (the 
age of the first dinosaurs) has been fixed 
at 190 million years ago. 

The new times were arrived at with 
the aid of improved procedures for 
measuring the radioactive decay of 
uranium 238, rubidium 87 and potas­
sium 40, and with improved half-life 
determinations for rubidium 87 and 
potassium 40. Techniques now available 
can date suitable specimens of almost 
any period in the earth's history with an 
error of a few per cent. The principal 
remaining difficulties are encountered 
with samples more than 50,000 and less 
than a million years old. Those younger 
than 50,000 years can be dated by radio­
carbon procedures; those older than a 
million years can be dated by several 
methods. Specimens in between can be 
dated accurately only if they contain 
enough potassium for potassium-40 de­
terminations. 

Whose Tools? 

Is Homo sapiens the only animal that 
has used tools and fire? In disagree­

ment with many anthropologists, Ray­
mond A. Dart of South Africa has for 
several years been insisting that he is 
not, claiming the distinction also for 
Austmlopithecus prometheus, the man­
ape whose remains were discovered 11 
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* Mr. Ramsey-

"W"hy is the original 

capacitor 

design 

•. . because 

... this shoulder 
and curl design 

(Pat. No. 2,744,2'17) 
. . .  which creates 

the only leakproof seal 
possible for a tantalum capacitor. 

Here's why it does: it forms a steady 
downward pressure all the way through 

the capacitor's operating temperature range. 
It leaves a "dead air" space to guard 

against capillary action. As you can see, it 
also integrates perfectly the top gasket and the 
case curl. These are just 3 of the reasons why 

the Fansteel original capacitor has been used in 
millions of applications .. , with utmost reliability 

Fansteel Metallurgical Corporation 
North Chicago, Illinois, U. S. A. 

*Glen Ramsey , , , Vice President oC Fansteel, General Manager 
of the Rectifier-Capacitor Di\-ision, developer oC the porous 

tantalum anode in 1936, , , the achievement which made 
today's miniallire tantalulll capacitors possible. 

� where reliability dictates standards C603� 
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years ago at Makapansgat in South 
Africa, Now Dart offers further evidence 
in favor of his view. 

In The Ame1'ican fOtlmal of Physical 
Anthropology Dart writes that he has 
combed through 40,000 tons of rubble at 
Makapansgat for bone fragments. From 
the first seven tons he recovered more 
than 35,500 fragments. Included are 
many animal humerus bones employed, 
Dart believes, as clubs, and numerous 
other pieces that he considers to be 
knives, chisels, gouges, scrapers, saws 
and scoops. 

I 

Dart and an associate, James W. 
Kitching, think that they have learned 
how the diminutive man-ape (adult Aus­
tralopithecines were only four feet tall) 
made one of his most distinctive tools, 
One Sunday Kitching saved the femur 
from his family's roast of mutton. In the 
laboratory he struck the shaft of the 
bone with the point of a stone and 
twisted the ends apart. He obtained a 
pair of spiral blades exactly like many 
that have been found in the rubble. Be­
cause no stones have been encountered 
in the remains, Kitching then demon­
strated that the result can also be ob­
tained by hitting a mutton bone against 
any sharp edge and twisting it. 

Austmlopithecus, who presumably 
used the same technique, also had an 
ingenious way of obtaining sharp bone­
fragments of smaller size. He rammed 
the core of a gazelle horn or similar piece 
of bone into the narrow space of a larger 
bone until the latter splintered. In this 
way he may even have invented tools 
with handles. One specimen found by 
Dart is a tibia flake jammed into a meta­
tarsal bone, forming, he suggests, a cut­
ting tool fitted purposely with a handle. 

Soundings Declassified 

The U. S. Navy has declassified all 
ocean depth-soundings obtained by 

its ships traveling on routine operations 
and using conventional methods of navi­
gation. Hitherto only Navy scientists and 
a small circle of civilians had access to 
the data. Other maritime nations, with 
the exception of the U.S.S.R., have gen­
erally released this type of information. 
The large body of new data is expected 
to be a substantial aid to studies of the 
ocean floor. 

Extragalactic Radio Sources 

I n less than three months of full-scale 
operation a radio telescope at the 

California Institute of Technology has 
located nine new discrete sources of ra­
dio waves outside the Milky Way, at dis-
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WITH A BENDIX RADIOTELEPHONE 
HOME IS AS NEAR AS THIS MICROPHONE 

Ship-to-shore 
telephoning has 
been a conven­
ience hereto­
fore reserved 

for those who had large boats. Now, 
thanks to transistors-which reduce 
battery drain to almost nothing­
and the Bendix® approach to circuit 
design, owners of even small out­
board and inboard cruisers can tele­
phone to shore with a high perform­
ance, inexpensive Bendix marine 
radiotelephone. 

These Bendix radiotelephones are 
providing two-way voice communica­
tions over unusually long distances. 
Shore stations are contacted and the 
calls then are relayed to any place in 
the world over conventional tele-

phone lines. In time of emergency, 
calls to other boats or to Coast Guard 
facilities can be made. In addition, 
entertainment broadcast reception is 
provided. 

Because of their compact size, there 
is room for these new Bendix in'3tru­
ments aboard the smallest craft. They 
can be installed in any suibble loca­
tion ... are easily removed for safe 
storage when not in use. The sets can 
be used with another Bendix exclu­
sive development-the "T enna­
Coupler" which completely elimi-

A thousand diversified products 

nates the need for all underwater 
ground connections. 

There are three models of these 
high performance transistorized 
radiotelephones, from 25 to 65 watts, 
to meet every requirement. They are 
manufactured by our Bendix Pacific 
Division, North Hollywood, Cali­
fornia, which makes a complete line 
of other electronic equipment-auto­
matic pilots, depth sounders, direc­
tion finders and marine radar. 

Other divisions produce the 
Bendix starter drive which helps 
eliminate rope hand starting on out­
board motors. Other products in­
clude a flame arrester, an electric fuel 
pump, and an outboard motor 
magneto-generator which improves 
ignition and keeps batteries charged. 
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The temperature of things is so impor­
tant to some people that a few degrees 
one way or another is a calamity: it has 
to be plus or minus a few relltbs of a de­
gree, or else. This group includes Deutsche 
beer drinkers, those who watch over crys­
tal oscillator ovens, certain environmental 
test boxes, delay lines, and the Miami* 
tourist trade. To them, we offer a solution. 

It's a Sigma Magnetic Amplifier Relay, 
one-half of a resistance bridge, and a 
built-in DC power supply - all neatly 
packaged and ready to go as soon as a 
thermistor and reference resistor are con­
nected to complete the bridge. In opera­
tion, a temperature change unbalances the 

bridge, energizing the relay through the 
magnetic amplifier. What you do with the 
relay output - for corrective action or 
indication-is up to you. (The contacts 
are SPOT and available for switching 1 
amp. or 5 amp. loads.) 

The reason you supply the thermistor 
is that you know how much mounting 
space there is, what temperature range 
has to be monitored, and how much power 
the thermistor can safely dissipate. The 
woods are full of thermistor suppliers and 
the "Series 8000 Thermistor Temperature 
Control" Bulletin contains a useful guide 
to thermistor selection. 

Compared to other ways you could de­
tect and do something useful with changes 
as small as 0.1 °c, this device is guaranteed 
free of locking contacts, delicate mecha­
nisms and other life-shortening elements. 
It also provides resettable control, as well 
as accurate "remote" control even when 
fairly long leads from the thermistor are 
used. 

Since this temperature control is about 
83 % magnetic amplifier, this seems like a 
good place to give a plug to Sigma Mag­
netic Amplifier devices in general. We can 
sell you regular and souped-up 60 cycle 
models, and have in development a 400 
cycle type in a hermetically sealed case. All 
are rugged, microwatt-sensitive switches 
particularly useful as current, voltage or 
resistance comparators for monitoring or 
controlling light intensity, radiation level, 
pressure, vacuum, line voltage, etc. Bulle­
tins on any are available on request. 

* In South Braintree, the temperature today is 270°K. 
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tances Up to a billion light-years from the 
earth. Only five other extragalactic 
sources had previously been located by 
all the world's radio telescopes. 

The new instrument, situated in 
Owens Valley, 250 miles north of Los 
Angeles, consists of two 90-foot antennas 
mounted on a I,600-foot railroad track. 
According to the Office of Naval Re­
search, which supplied most of the funds 
for its construction, it has "a resolving 
power greater than any radio telescope 
in operation or under construction." 

Antisigma Minus 

�ter a long tuneup the lO-billion-elec-
tron-volt synchrotron in the U.S.S.R. 

has begun to turn out scientific results. 
An announcement in Pravda last month 
said the accelerator had created a nega­
tive antisigma particle. This is the first 
charged antiparticle to be identified 
among the hyperons (particles heavier 
than protons and neutrons) . In agree­
lllent with theoretical predictions the 
antisigma was about 2,300 times heavier 
than the electron, and decayed in IO-lO 
second to an antineutron and a pi meson. 

A few months ago workers at Dubna, 
where the accelerator is located, reported 
the discovery of a new meson, which has 
been nicknamed the dubnion. Physicists 
generally are awaiting further evidence 
before accepting it as a member in good 
standing of the particle family. 

Archaeological Emergency 

A program to salvage archaeological 
treasures threatened by the Asw<ln 

High Dam in Egypt has been launched 
under the auspices of the United Na­
tions Educational, Scientific and Cul­
tural Organization. So far institutions in 
Belgium, France, Sweden, the U.S.S.R. 
and the U. S. have indicated that they 
will take part in the effort to dig out and 

record as many antiquities as possible 
before the "open-air museum" of the 
upper Nile Valley is covered, about five 
years hence, by the waters to be im­
pounded behind the dam. The threat­
ened area stretches 292 miles from 
Aswan in Egypt to the Third Cataract 
of the Nile in the Sudan and contains 
lllany well-known monuments, such as 
the temple of Rameses II at Abu Simbel, 
as well as hundreds of known but still 
unexplored sites. To encourage digging 
before the waters rise, the United Arab 
Republic and Sudanese governments are 
reversing past policies and will allow ex­
cavators to keep at least 50 per cent of 
their finds. 
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nose cone? 

Child's toy? Could be-but more important, 

what it represents had a lot to do with solving 

the missile nose cone reentry problem. 

It's a simple model of the atomic structure of a 

typical crystal. Most solid substances are com­

posed of crystals, which occur in seven basic 

types (the model here is a base-centered cubic 

lattice). These few types are infinitely variable 

in structure and order: each substance has its 

own unique arrangement. 

If you know the atomic structure of a material 

you're in a fair way to assess its physical prop­

erties. You can even predict the atomic structure 

a material must have in order to satisfy a required 

set of physical properties ... great strength com­

bined with light weight, ability to withstand ex­

tremes of heat and cold, corrosion, ad info 

X-ray diffraction provides this knowledge. 

Knowledge that played a critical role in the de­

velopment of the ceramic material that brought 

the nose cone back to earth unscathed. 

Perhaps you're already using x-ray diffrac .. 

tion and x-ray fluorescence analysis in your 

own business. II so, you'll appreciate the 

many striking technical advantages incor­

porated in the spanking new equipment 

Picker is now bringing out. 

II, on the other hand, you're not now taking 

advantage of these versatile x-ray technics, 

you'd do well to look into their many uses. 

No telling how importantly they may figure 

in advancing your own affairs. 

For the full story (or for information con­

cerning any aspect of the industrial or 

medical application of x-radiation or gam­

ma radiation) write Picker X-Ray Corpora­

tion, 25 South Broadway, White Plains, 

New York. Or call the local Picker office 

near you (see 'phone book). 

if it has to do with RADIATION it has to do with 
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Energy Transformation in the Cell 

How does the li()ing cell con()ert the energy of foodstuff into a form 

that can be utiLized and stored? The process in()oLves the sequential 

action of 77LC171.Y enzymes, some of which are part of the cell17�embranes 

A flame and a living cell both burn 
fuel to yield energy, carbon di­

. oxide and water. The flame, in 
one step, transforms the chemical energy 
of the fuel into heat. The cell, in many 
steps and with little loss to heat, converts 
this chemical energy into a variety of 
forms: into the energy of the chemical 
bonds in the molecules of its own sub­
stance, into the mechanical energy of 
muscle contraction, into the electrical 
energy of the nerve impulse. In lumi­
nescent organisms special cells transform 
the energy into light. 

From the standpoint of thermody­
namics the very existence of living 
things, with their marvelous diversity 
and complexity of structure and func­
tion, is improbable. The laws of thermo­
dynamics say that energy must run 
"downhill," as in a flame, and that all 
systems of atoms and molecules must 
ultimately and inevitably assume the 
il10St random configurations with the 
least energy-content. Continuous "up­
hill" work is necessary to create and 
maintain the structure of the cell. It is 
the capacity to extract energy from its 
surroundings and to use this energy in 
an orderly and directed manner that dis­
tinguishes the living human organism 
from the few dollars' (actually $5.66 in 
today's inflated market) worth of com­
mon chemical elements of which it is 
composed. 

The past few years have seen great 
advances in the investigation of the 
transformation of energy by the cell. 
This historic enterprise has engaged the 
talents of some of the ablest investiga­
tors of the century. In its present stage 
our understanding encompasses not only 
some of the chemical and physical as­
pects of the process, but has begun to 
take in the arrangement of the molecules 
in the cell that conduct it. Many of the 
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active molecules-the enzymes-have 
been identified. The intricate chains and 
cycles of activity by which they extract, 
trap, exchange and distribute energy 
have been worked out in sufficient detail 
to illuminate their principles of opera­
tion. And the molecular machinery of 
these energy-transforming functions has 
been securely located in the mitochon­
dria, structures found in all cells that 
burn their fuel in oxygen. 

It is, of course, the food intake of the 
organism that supplies the fuel-sugars, 
fats and proteins-to the energy-trans­
forming system of the cell. Every student 
of ele'l1entary chemistry learns that a 
given weight of an organic compound 
contains a fixed amount of potential en­
ergy locked up in the bonds between 
the atoms of its molecule; for example, 
the bonds between the carbon, hydrogen 
and oxygen atoms in the sugar glucose. 
The energy can be liberated by burn­
ing the sugar in oxygen, with the carbon 
and hydrogen evolving from the flame 
in the relatively simple, energy-poor 
molecules of carbon dioxide (C02) and 
water (H20). This oxidation yields 
690,000 calories per mole of glucose. 
(A mole is the weight of a substance in 
grams that is numerically equal to its 
molecular weight. A mole of glucose 
weighs 180 grams.) Now it is one of the 
fundamental principles of thermody­
namics that the same total amount of 
energy is always liberated upon com­
bustion of a given weight of a substance, 
no matter what the mechanism or path­
way of the process. Thus the cellular 
oxidation of glucose to carbon dioxide 
and water makes a total of 690,000 
calories of energy available to the en­
ergy-harnessing activities of cells. 

There is an important reason why oxi­
dation in the cell, as contrasted with the 
uncontrolled combustion that goes on in 

a flame, must proceed under rigorous 
control. Living cells are unable to utilize 
heat in the performance of functions 
such as muscle contraction, because heat 
energy can do work only if it flows from 
a warm region to a cooler one. This is the 
principle of a heat engine, in which the 
temperature of the working fluid under­
goes a large drop between the combus­
tion chamber and the exhaust. For all 
practical purposes there is no such tem­
perature differential in the living cell, 
and the cell cannot function as a heat 
engine. The cell recovers the energy lib­
erated by the oxidation of foodstuff not 
primarily as heat, but rather as chemical 
energy, a form of energy that can do 
work in a constant-temperature system. 
To obtain energy in this useful form the 
cell oxidizes its fuel in a stepwise man­
ner. The agents of this controlled com­
bustion are the enzymes: large molecules 
that function as catalysts, or promoters 
of chemical reactions. The cell employs 
dozens of oxidative enzymes, each spe­
cialized to catalyze one reaction in the 
series that ultimately converts the fuel 
into carbon dioxide and water. 

Investigators have broken down thc 

MITOCHONDRION, the site of energy 
transfer in the living cell, is enlarged some 
235,000 diameters in this electron micro· 
graph of a rat liver·cell. Cristae, the flat· 

tened infoldings of the lining membrane, 
have been cut at different angles. One lying 
almost in the plane of the cut forms the 

wide V at top. Several neal' the center, cut 
at right angles, project like fingers from the 
outer wall. The connections to the wall do 
not show in those cut at oblique angles. 
The miclograph was made by Michael L. 
Watson of the University of Rochester while 
conducting research under a contract from 
the Atomic Energy Commission and a grant 

from the National Institutes of Health. 
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labyrinthine succession of reactions into 
three major stages. In the first stage en­
zymes break down the sugar and fat 
molecules (and protein fragments) into 
a simpler unit that represents a kind of 
common denominator of the distinctly 
different structures of these fuels. In the 
next two stages other enzymes take this 
unit apart and oxidize carbon and hydro­
gen. But the biologically significant 
product of the whole chain of transac­
tions is energy, not water and carbon 
dioxide, which are mere waste or ex­
haust products. As the energy is liber­
ated in the breakdown and oxidation 
reactions, it is captured in the chemical 
bonds of a special energy-storing mole­
cule and is delivered thereby to the 
energy-consuming activities of the cell. 

The Stages of Oxidation 

In the first-stage breakdown of the 
glucose molecule, which has six carbon 
atoms, the enzymes split it into two mole­
cules of pyruvic acid, each of which has 

three carbon atoms. This conversion is 
not so simple as it sounds. It involves the 
sequential action of a dozen specific en­
zymes [see top illustration on pages 106 
and 107]. Some 40 years of intensive re­
search went into the resolution of the 
details of this process and the isolation 
of the enzymes in pure form. 

The intermediate pyruvic acid mole­
cules become the center of activity in 
the second stage. They are converted 
to the two-carbon compound acetic acid, 
in a combined or "activated" form with 
coenzyme A, a substance that contains 
pantothenic acid, one of the B vitamins. 
It is at this point that fats and proteins­
broken down to acetic acid by enzyme 
systems specifically adapted to their 
structures-also join the common path­
way of oxidation. Another set of enzymes 
acting sequentially and cyclically links 
up acetic acid with oxalacetic acid, a 
four-carbon compound, to form citric 
acid, a six-carbon compound. The 
second stage is often called the citric 
acid cycle, after this important inter-

mediate; it is also known as the Krebs 
cycle in recognition of Sir Hans Krebs of 
the University of Oxford, who first pos­
tulated it in 1937. As the cycle continues, 
the citric acid undergoes a series of re­
arrangements and degradations, in the 
course of which oxalacetic acid is re­
generated for the next round, and the 
two carbons from the acetic acid mole­
cule are oxidized to form two molecules 
of carbon dioxide. Half of the task of 
oxidation is now completed. 

Meanwhile, during the dismember­
ment of the pyruvic acid molecule in the 
citric acid cycle, intermediate com­
pounds have picked up the pairs of 
hydrogen atoms that are attached to 
carbon atoms. The hydrogens are carried 
over into the third major multi-enzyme 
sequence to be combined with oxygen, 
which in higher animals is brought from 
the lungs via the bloodstream. This so­
called respiratory cycle thus yields 
water, the second of the two end 
products of the biological oxidation. 

As elementary as the combustion of 
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compound to compound; finally more than 60 per cent is recovered 
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in the form of adenosine triphosphate, or ATP (top right). Most 

of the energy is transferred by the citric acid cycle (circle) to en-
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hydrogen and oxygen may seem, the 
unraveling of the chain of enzyme activ­
ity in the respiratory cycle is the goal of 
a 50-year campaign of investigation. 
The contributions of Otto Warburg of 
Germany and David Keilin of England 
to this work place them among the 
major figures in biochemistry. The hy­
drogen atoms do not by any means enter 
directly into combination with the 
oxygen. They or their equivalent elec­
trons, set free when the hydrogen is 
ionized, travel to this terminus along a 
chain of hydrogen- and electron-trans­
ferring enzyme molecules in the cell. 
Each of these enzymes possesses a char­
acteristic and specific "active group" 
that is capable of accepting electrons 
from the preceding member of the chain 
and of passing them along to the next. 
The chemical nature of the active groups 
explains why animals must have certain 
minerals and vitamins in their diet; all 
the groups contain either a metal, such 
as iron, or a vitamin, such as riboflavin 
(vitamin B:!). The lack of any of these 

essential activators may interrupt the 
chain and cause faulty or incomplete 
oxida tion of foodstuff in the cell. Not 
all the links in the chain of enzymes 
have been identified. Recent work in­
dicates that as many as three additional 
enzymes may be involved, one contain­
ing vitamin K (also essential to the clot­
ting of blood); another containing to­
copherol, or vitamin E (also essential 
to maintenance of muscle tone and to 
reproduction), and a third containing a 
newly isolated active group called ubiq­
uinone, or coenzyme Q. 

The Storage Battery 

With the fuel completely oxidized, 
what has become of the potential energy 
it contained? This question began to 
yield to investigation in the late 1930's. 
Herman M. Kalckar of Denmark and 
V. A. Belitser of the U.S.S.R. then inde­
pendently recognized the significance of 
a chemical event that occurs along with 
the oxidation of the fuel. They incubated 
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zyrnes of the respiratory chain (TPN, DPN, FAD and the cytochromes), which then pass it to 
ATP. Gray rectangles indicate approximate amounts of energy reaching various compounds. 

simple suspensions of ground muscle or 
kidney with glucose in the presence of 
oxygen and observed that phosphate 
ions present in the suspension medium 
disappeared as the glucose was oxidized. 
Further investigation revealed that the 
phosphate was being incorporated into 
organic compounds, in particular the 
compound adenosine triphosphate. Bio­
chemists at once recognized the great 
significance of this finding. Adenosine 
triphosphate, now universally known as 
ATP, had been identified a few years 
earlier as the energy source in the con­
traction of muscle. Today it is known 
that ATP is the universal intracellular 
carrier of chemical energy. 

ATP may be regarded literally as a 
fully charged storage battery. When the 
energy of this battery is withdrawn to 
make muscle contract, for example, the 
energy-rich ATP molecule transfers its 
energy to the contracting muscle by 
losing its terminal phosphate group. 
ATP thus becomes adenosine diphos­
phate (ADP)-the storage battery in its 
discharged state. To "recharge" the bat­
terv it is obvi'Jusly necessary to supply 
a phosphate group plus the energy re­
quired to effect the uphill reaction that 
couph:s the phosphate to ADP. It was 
found that ADP as well as free phos­
phate iOlls disappear during biological 
oxidation, and that the two are combined 
in ATP. Kalckar postulated that this 
coupled phosphorylation, often called 
oxidative phosphorylation, provides the 
means for converting the energy re­
leased by oxidation into a readily usable 
form. The energy-rich ATP molecule can 
travel wherever energy is needed in the 
cell to drive energy-consuming func­
tions, from the contraction of muscle to 
the synthesis of protein. 

This conversion of the energy liber­
ated by the combustion of fuel into the 
third phosphate bond of ATP proceeds 
with extraordinary efficiency. For each 
molecule of glucose completely oxidized 
to water and carbon dioxide in a tissue 
preparation, approximately 38 molecules 
of free phosphate and 38 molecules of 
ADP combine to form 38 molecules of 
ATP. In other words the oxidation of 
each mole of glucose produces 38 moles 
of ATP. It has been shown that the for­
mation of one mole of ATP from ADP in 
this reaction as it occurs in the cell re­
quires about 12,000 calories. The forma­
tion of 38 moles of A TP therefore re­
quires the input of at least 38 times 
12,000 calories, or about 456,000 calo­
ries. Since the oxidation of one mole of 
glucose yields a maximum of 690,000 
calories, the recovery of 38 moles of 
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ATP represents a conversion of 66 per 
cent of the energy. As a comparison, a 
modern steam-generating plant converts 
about 30 per cent of its energy input to 
useful work. 

Just how the energy is transferred 
from the fuel molecules to ATP is a prob­
lem that has preoccupied many bio­
chemists over the past 10 years. One 
early clue to the mechanism of oxida­
tive phosphorylation came from the 
tbeoretical calculation of the energy ex­
changes at each major stage in thc oxi­
dation of glucose. Thermodynamics 
shows, for example, that the first stage 

in the process-the breakdown of glu­
cose to pyruvic acid-yields little more 
than 5 per cent of the total energy. From 
such calculations Belitser predicted 
over 20 years ago that the combination 
of hydrogen with oxygen in the third 
phase-the respiratory cycle-must yield 
most of the energy. As a matter of fact, 
the oxidation of one mole of hydrogen 
to produce one mole of water releases 
some 52,000 calories. Since the bio­
logical oxidation of one mole of glucose 
reduces 12 atoms of oxygen in the respir­
atory cycle, the latter must account for 
12 times 52,000 calories, or 624,000 

calories-90 per cent of the total of 
690,000 calories. Conclusive as these 
calculations seemed to be, it was another 
dozen years before direct evidence could 
be adduced to prove that the phospho­
rylation of ADP is coupled to the respir­
atory chain. In fact, experimental results 
seemed if anything to argue against this 
conclusion. 

In 195 1 our group, then at the Univer­
sity of Chicago, perfected an experiment 
that demonstrated unequivocally the 
presence of supplementary energy-con­
verting enzymes at three points in the 
respiratory chain. These enzymes har-

GLYCOLYSIS, the process by which glucose (first molecltle) is 

broken down into two molecules of pyruvic acid (last molecltle), 

requires the catalytic aid of many enzymes (light·face type). Two 
molecules of ATP are needed to prime the process, but four are 

• CARBON 
• HYDROGEN 

o OXYGEN 
® PHOSPHORUS 
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CITRIC ACID CYCLE transfers the energy from py. 
ruvic acid (first molecltle) to the respiratory enzymes 

DPN, TPN and FAD by reducing them (i.e., adding 

hydrogen or electrons to them). Carbon dioxide (C02) 
is released as a waste product. First pyruvic acid is con­
verted to acetyl coenzyme A, an activated form of acetic 
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ness the energy liberated by the passage 
of electrons from one link to the next in 
the chain to phosphorylate ADP to ATP. 
We found that the passage of each pair 
of hydrogen atoms or eCluivalent elec­
trons yields one molecule of A TP at each 
of three enzymic energy-transfer sta­
tions. Since the oxidation of one mole­
cule of glucose sets 12 pairs of hydrogen 
atoms moving down the chain, the total 
yield is three times 12, or 36, molecules 
of A TP. Two additional molecules of 
A TP are formed in the breakdown of 
glucose to pyruvic acid. The grand total 
is then 38 moles of A TP per mole of 

glucose. These findings fulfilled the pre­
diction from thermodynamic considera­
tions and satisfied the over-all energy 
balance-sheet of biological oxidation, 
showing that the respiratory chain is the 
primary site of energy conversion. 

From more recent work we have 
been able to postulate the probable 
form of the mechanism by which the 
energy is coupled at each of the energy­
transfer points in the respiratory chain 
[see top illustmtiol1 011 pages 110 and 
111]. The chain is apparently a series of 
wheels within wheels, characterized by 
a cyclic process at each molecule in the 

chain. Each of these molecules is re­
duced by the addition of a hydrogen or 
an electron at one point, and is restored 
to its original form by oxidation when 
it delivers the hydrogen or electron to 
the next point. In three of the cycles 
there is an intermediate step by which 
the energy is transferred from the re­
action to a coupled reaction that forms 
ATP from ADP. 

This picture has been modified by 
the finding that one pair of hydrogen 
atoms enters the respiratory chain at 
the middle, and so yields only two mole­
cules of ATP. The deficit is made up, 

generated, yielding a net gain of two molef'ules of this energy.rich 
compound. Energy from glucose is also conserved by the reduction 

of the respiratory coenzyme DPN to DPNH (sixth step). The glyco· 
lytic reactions are reversible with the aid of appropriate enzymes. 
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acid I second molecule). This reacts with oxalacetic acid to form 
citric acid (third molecule). After a series of rearrangements and 
oxidations, oxalacetic acid is regenerated (last molecule) and can 

partlcllJate in the cycle again. The substances necessary for each 
step are named below the arrows (catalytic enzymes are in light. 

face type); side products of the reactions are shown in boxes. 
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ADENOSINE DIPHOSPHATE, or ADP (first molecule), adds the 

phosphate group from phosphoric acid to generate adenosine trio 
phosphate, or ATP (right of arrow) . Energy is required to forge 

the high·energy bond (wavy line) that links the phosphate groups. 
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ACTIVE GROUPS of respiratory enzymes are 
shown oxidized (left of arrows) and reduced 
(right) . "R" or "protein" indicates the rest of the 
molecule. In TPN or DPN (top) one hydrogen 

is joined to a carbon atom; the electron from 

+ 

the other neutralizes the charge on nitrogen . 
Riboflavin, tbe active group of FAD (center), 

adds hydrogens to two nitrogen atoms. The active 

group of cytochromes is heme (bottom) ; an elec· 
tron from a hydrogen reduces the charge on iron. 
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however, by the conversion of ADP to 
A TP in one of the reactions of the citric 
acid cycle. The respiratory chain none­
theless remains the primary site of ener­
gy conversion. 

The purpose that is served by the 
stepwise character of the oxidation proc­
ess in the cell now becomes clear. Na­
ture usually chooses simple ways to do 
things, and it would be simpler to ac­
complish the combustion in one step. 
The many-membered respiratory chain 
serves, however, to break up or quantize 
the 52,000 calories liberated by the oxi­
dation of each pair of hydrogens into 
three smaller packets. Each of these 
packets contains the approximate 
amount of energy, namely 12,000 calo­
ries, required to phosphorylate ADP to 
ATP. The process thus achieves effi­
cient conversion of energy in terms of 
the energy currency of the cell. 

Such a program of sequential and 
cyclic reactions requires that many dif­
ferent enzymes act in proper order and 
in an integrated, well-controlled way. 
This suggests that the participating en­
zymes, perhaps hundreds in number, 
must have a specific geometric orien­
tation with respect to one another 
within the cell. 

The Geometry of Oxidation 

In 1948 Eugene P. Kennedy and 
were able to show that enzymes. involved 
in both the citric acid and the respi:'atory 
cycles are located in the mitochondria. 
These tiny oblong or rodlike structures, 
much smaller than the cell nucleus, oc­
cur in the cytoplasm: the extranuclear 
portion of the ceil. A single liver-cell 
may contain several thousand such 
bodies; together they may account for 
about 20 per cent of the total weight of 
the cell. Earlier in 1948 George H. 
Hogeboom, Walter C. Schneider and 
George E. Palade of the Rockefeller 
Institute had perfected a method for 
isolating mitochondria intact and in 
large quantities by spinning down cell 
extracts in the ultracentrifuge. 

When we incubated mitochondria 
with pyruvic acid and other intermedi­
ates of the citric acid cycle in the pres­
ence of oxygen, we found that all of the 
complex reactions of the citric acid and 
respiratory cycle proceeded at a high 
rate and in an orderly manner. On the 
other hand, we found that nuclei and 
other cell structures were incapable of 
conducting the oxidation process. Vie 
also discovered that the mitochondria 
carry out the vital energy-recovery 
process of oxidative phosphorylation, 

SEPARATION OF MITOCHONDRIA from disrupted cells requires centrifugation at high 
speed. The tube used for this is marie oi plastic and has a locking metal cap. The mito­
chondria are present in the pale middle layer of sediment. The dark layer at the bottom 
contains cell nuclei; the top layer contains microsomes, the smallest particles of the cell. 

CYTOCHROME C in solution changes color visibly when it is oxidized (left) or reduced 
(right). A sensitive spectrophotometer measures the color differences accurately by regis­

tering the transmission of light of various wavelengths through the solution. Special quartz 
containers of high optical quality, here somewhat enlarged, are used in this instrument. 

109 

© 1960 SCIENTIFIC AMERICAN, INC



2H FOODSTUFFS 

/,2Uill � 

""�YT � / B+++ 
3I£fJij 

[ED 

CYT CYT 2 B+++ Y �2 B++ -G 

Gfj� 
f 

� / 
+ 
EJ 

RESPIRATORY ENZYMES transfer energy by a series of cyclic 
reactions, each set in motion by the one preceding it, like a system 
of interlocking gears. A pair of hydrogen atoms released in the 
citric acid cycle reduces one enzyme; this is oxidized again by 

reducing the next enzyme, and so on. At the end of the chain the 

hydrogen combines with oxygen to form water. The known carriers 
in the chain are diphosphopyridine nucleotide (DPN), flavin ade· 
nine dinucleotide (FAD), attached to a protein, and four cyto· 
chromes. Coupled with the reduction·oxidation cycles of three 
carriers (DPN, cytochromes B and A) are reactions with unidenti· 

generating ATP from ADP. The mito­
chondria are thus the "power plants" of 
the cell. 

These bodies are so small that they 
are barely recognizable as oblongs or 
rods when they are viewed in the light 
microscope. Yet recent advances in in­
strumentation have made it possible to 
sketch a molecular description of the 
mitochondrion and to discern at least 
dimly the spatial arrangement of the 
many enzymes concerned with biologi­
cal oxidation. 

The first approach was to look at the 
ultrastructure of the mitochondrion un­
der the electron microscope. In 1952 
Fritiof S. Sjostrand in Sweden and 
Palade in New York began to apply a 
newly perfected means of obtaining 
ultrathin sections of tissue to study mito­
chondria. Their pictures of thin sec­
tions cut at different angles through 
single mitochondria demonstrated that 
the mitochondrion is not just an amor­
phous blob of protoplasm, but rather a 
highly organized structure with much 
fine detail-almost a cell within the cell. 
It consists of an outer enclosing mem­
brane separated by a thin space from an 
inner membrane which at intervals ap­
parently folds inward to form the so­
called cristae. The semicompartmented 
space inside is filled with a semifluid 
"matrix." 

From electron micrographs it is pos­
sible to estimate the dimensions of these 
structures. The membranes have a 
thickness of from 60 to 70 angstrom 
units. (An angstrom unit is a hundred 
millionth of a centimeter.) The space 
between the membranes and across the 
cristae measures about 60 angstroms. 
Mitochondria of all cells, regardless of 
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the tissue or the species, have the same 
structural plan, in accord with their 
similarity of function. 

The constant thickness of the mem­
brane has significance from another 
point of view. It happens to approxi­
mate the dimension of a single protein 
molecule plus a lipid (fat) molecule. 
Chemical analysis shows that the mem­
brane consists of about 65 per cent pro­
tein and 35 per cent lipid. These find-

b 

c 

ings suggest that the membranes are 
arranged in a sandwich: The single lay­
er of protein molecules that forms the 
outer membrane is apparently Ened 
with oriented lipid molecules abutting 
a similar layer of lipid molecules on the 
outer surface of the layer of protein 
that forms the inner membrane. 

When mitochondria are subjected to 
intense sound waves or to chemical 
agents such as detergents, the mem-

MITOCHONDRIAL STRUCTURE is basically that of a fluid·filled vessel with an involuted 
wall ((I). Closer analysis shows that the wall consists of a double membrane (b). Each 

membrane approximates the thickness of a single layer of protein molecules (spheres at c), 
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one job, Clary's 
fied enzymes (designated X, Y and Z) that transfer energy released in the cycles to ATP. 
The transfer is not fully understood; it is believed to involve the formation of a high.energy 

new electronl· c bond (wavy line) to the transfer enzyme, then combination of this enzyme with a phosphate 
group (P) and finally the addition of the phosphate to ADP to form ATP. When two hy. 

drogen atoms are passed down the whole chain, they give rise to three molecules of ATP. 

branes break up, and the internal matrix 
escapes. The insoluble membrane frag­
ments can easily be separated by centrif­
ugation from the soluble matrix mate­
rial, and the two fractions can then be 
analyzed separately. By these proce­
dures we have found that the matrix 
contains most of the enzymes of the cit­
ric acid cycle, and that the enzymes of 
the respiratory cycle turn up exclusively 
in the membrane fragments. 

Britton Chance of the University of CO ill P u te r can 
Pennsylvania has employed spectro-
scopic techniques to study the respira-
tory enzymes in intact mitochondria. Sane you thou-Each of the respiratory enzymes, having I V 
a characteristic active group, possesses 
a distinctive "color" and spectrum. 
Chance has succeeded in establishing 

sands of dollars not only the number of molecules of 
each type in the mitochondria but also 
the sequence in which the electrons 
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and the space between them equals the thickness of a double layer of fat molecules (prongs). 
The respiratory·chain enzymes (black spheres at d) form part of the membranes; they are 

evidently arranged in sets distributed at regular intervals in the membranes' protein layers. 
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system of propulsion, based on principles of magnetohydrodynamics (MHO). This sys-

tern uses a magnetic field to speed and expel ionized gas for production of thrust. � '" " 
Magnetic thrust propulsion is a current project of the Avco-Everett Research Laboratory � 
... working to extend the knowledge of ':::A 

V
CO 

AVCO CORPORATION, 750 THIRD AVENUE , NEW YORK 17, NEW YORK 
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New 
opportunities 
at Avco in 
space sciences 
The Avco-Everett Research Labora­

tory is looking for exceptional indi­

viduals to share in an expanding pro­

gram of space-age research. 

This program includes exploration 

and development engineering of new 

concepts in these 
-
areas: 

• Satellite and Space Vehicle 

Design 

• Electric Propulsion for Space 

Vehicles 

• Generation of Electricity 

through MHD for both Ground 

Station and Space Application 

If you feel your interests and abilities 

will be stimulated by these new proj­

ects, please write to: 

Dr. Arthur Kantrowitz, Director 

Avco-Everett Research Laboratory 

2385 Revere Beach Parkway 

Everett 49, Massachusetts 

EVERETT 

A DIVISION OF A VCO CORPORA TION 

move from one carrier to another in the 
respiratory chain. 

The Enzymes Assembled 

Such information, supplemented by 
our chemical studies, leads me to believe 

that the respiratory-chain enzymes are 
organized in assemblies or sets contain­
ing only one molecule of each of the en­
zymes. One such set would be made up 
of perhaps eight different molecules. At­
tached laterally to these would probably 
be six (perhaps nine) other catalytically 

CHROMATOGRAM separates ATP (tol1 row of Sl1otS) from ADP (second row) and AMP 

(bottom). These substances are hard to separate by other methods. In this experiment 

samples from a flask containing mitochondrial fragments incubated with ADP and DPNH 

were placed on the numbered marks. A solvent, allowed to flow downward from the top 

edge of the paper by capillary action, then carried the compounds with it at varying speeds. 

The paper was later viewed in ultraviolet radiation, under which the compounds show up 

at characteristic sites as dark spots against the fluorescent paper. ATP spots confirm that 

fragments formed ATP from ADP. Spots can be cut out and ATP dissolved for testing. 

1 13 
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active protein molecules, the function of 
which is to carry out the coupled forma­
tion of ATP. A complete assembly would 
thus contain 15 or more active protein 
molecules arranged in close geometric 
array. An individual liver mitochondrion 
might contain several thousand such 
units. Since the total mass and the pro­
tein content of the mitochondrial mem­
brane are known, it is possible to calcu­
late that these assemblies comprise as 
much as 40 per cent of its substance. 
This calculation, along with our recent 
finding that the assemblies are evenly 
distributed in the membrane, show that 
the membrane is not an inert wall or 
container but an active molecular ma­
chine. The highly ordered arrangement 
of the specialized enzyme molecules 
determines the organization and pro-

gramming of the enzymatic activity of 
the living cell. 

Mitochondria in intact cells have been 
observed to swell and shrink, apparently 
by the uptake of water from the cyto­
plasm. This activity may serve mainly to 
move water and other substances 
through the cell. In this connection we 
have made the interesting discovery that 
the membrane itself changes its dimen­
sions in the course of its activity. Like a 
sheet of muscle tissue, it can relax or 
contract. We have found that this 
change in dimension is related to the 
concentration of ATP; the membrane 
contracts when the concentration is high 
and relaxes when it is low. This suggests 
that the rate of oxidation (and of energy 
recovery in the mitochondria) may be 
regulated by the local concentrations of 

ATP and ADP, which occur in inverse 
relationship to each other. Overproduc­
tion of ATP may thus automatically 
throttle down this mechano-chemical 
system and gear its rate of power produc­
tion to the demands of the cell. This 
same mechano-chemical system may also 
be responsible for "pumping" water and 
for the remarkable motility of mitochon­
dria in some cells. 

The integration ot chemistry and ge­
ometry in the structure of the power 
plant of the cell poses new challenges to 
the investigator. It sets as the supreme 
goal not only the duplication of the cata­
lytically active enzyme assemblies by 
proper linkage of the individual energy­
transferring enzyme molecules, but also 
the reconstitution of the detailed struc­
ture of the mitochondrial membrane. 

WARBURG APPARATUS is used in biochemical experiments to 

lest for oxidative activity. Flasks containing the mitochondria and 

a solution of pyruvate are incubated inside the drumlike water 

bath. Each flask is connected to the top of one arm of a U.tube, 

contammg colored fluid. As oxygeu is used up by the test mate· 

rial, the change in gas pressure forces the fluid to rise in one arm 

and fall in the other. The rate and amount of oxygen consumption 

can be calculated by taking readings of the levels at various times. 

1 14 
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At 0()hOOm01s GMT, May 1,1960, Martin logged its 523,692,OOOth mile of space flight 

To keep the lonely vigil . . .  Martin PM -1 air-portable nuclear 

reactor, to supply electricity and heat at remote Air Force stations , 

is now being developed and produced for the AEC. l1l'i � � �. IV 
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Broadened team effort with U niversity of Cal iforn ia's lawrence Radiation laboratory aims 

toward ea rly feasi bi l ity demonstration of a nuclear ramjet reactor (Project PLUTO) . 

As an i ntegral part of the team which is contri buting 
to thi s  country's all-out race for supremacy i n  weapons, 
T h e  M a rq u a r d t  C o rp o r at i o n  is w o rk i n g  w i t h  t h e  
University of California's Lawrence Radiation Labo­
r a t o r y  on t h e  n u c l e a r  r a m j e t  p r o g r a m, k n o w n  a s  
P r o j e c t  P L U T O .  

T h e  multi-million dollar contract supports a multi­
phase effort by the Corporation's Nuclear Systems Divi­
sion,  supported by Marquardt's Controls and Accesso­
ries, Propulsion, Test, ASTRO, Facilities Engineering 
and Pomona D ivisions.  

Marquardt's basic PLUTO effort concerns prelimi­
nary design of the nuclear ramj et and development o f  
ai rborne reactor controls a n d  other components for 
severe temperature and radiation environments. 

Other aspects of Marquardt's PLU T O  effort include : 
support of LRL's feasibi lity tests on the non-flyable 
Tory IIA reactor ; design and fabrication of s igni ficant 
portions of the reactor's control system, air ducts, flow 

instrumentation and remotely operated di sconnects ; 
fabrication and test of reactor core structural compo­
nents ; architect-engineering on the test air supply 
s ys t e m ; p a r t i c i p a t i o n  in a s u p p o r t i n g  p ro g r a m  o f  
envi ronmental tests ; and prelimi nary design of test 
facilities for full-scale power-plant development. 

H i ghlights of the Corporation's other current nuclear 
programs include : exploration of both military and non­
m i l i t a r y  a p p l i c a t i o n s  for t r a n s p o r t a b l e  r e a c t o r s  o f  
advanced design, i ncluding their use for space power ; 
development of the engine control system for the G-E 
nuclear tu rboj et ; research studies of advanced space 
propulsion devices utilizing nuclear concepts ; materials 
and processes work with molybdenum, other refractory 
m e t a l s  a n d  c e r a m i c s ; a n d  d e v e l o p m e n t  of o r i g i n a l  
nuclear i nstrumentation. 

For a copy of Marquardt 's  new "Nuc lear  Syste ms" broc h u re ,  wr ite 

to Mr.  Aikman Armstrong, C h ief Appl icat ion Engineer - Nuclear Systems, 

The Marquardt  Corporat ion,  Van N uys, Ca l iforn ia .  
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T H E  N U C L EA R  R A M J E T  

� I I I: A I R  
EXHAUST NOZZLE REACTOR 

Nuclear Systems Division of The Marquardt Cor­
p o r a t i o n  i s  e n g a g e d  i n  a c o n t i n u i n g  s e a r c h  for 
e n g i n e e r s  and s c i e n t i s t s  c a p a b l e  o f  c o n t r i b u t i n g  
advances i n  nucleonics state-of-the-art. Cu rrent expan­
sion within this division creates challenging oppor­
t u n i t i e s  f o r : R E A C T O R  P H Y S I C I S T S · C E R A M I C I S T S · 
NUCLEAR ENGINEERS · METALLURGISTS. 

Qualified men are invited to contact : Mr. Floyd 
Hargiss,  Manager, P rofessional Personnel, The Mar­
quardt Corporation, 16555  S aticoy St., Van Nuys, Calif. 

'NUCLEAR S YSTEMS DIVISION 

� 

a rf{!!!!!1t 
16555 SATICOY STREET. VAN N UYS. CALIFORNIA 

ASTRO • COOPER DEVELOPMENT DIVISION 
• OGDEN DIVIS ION . POMONA DIVISION 

• POWER SYSTEMS GROUP 

CORPORATE OFFICES : VAN NUYS, CALIFORNIA 
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GYNANDROMORPH, or sexual mosaic, in the European bullfinch 

(center) has male coloring on one side and female coloring on 

the other side as a result of a genetic change in an embryonic cell. 

GYPSY·MOTH GYNANDROMORPHS ( lower left and lower 

right) have the light·colored wings and thin antennae of the female 

on one side of the body and the brown wings and feathery antennae 

The normal male has an orange breast (bird at left) ; the female, 

a grayish breast ( right). The drawings are based on skins in the col· 

lection of the American Museum of Natural History in New York. 

of the male on the opposite side. For comparison, the normal fe· 

male gypsy moth is shown at upper left; the male, at upper right. 

The moths are in collection of National Museum in Washington. 
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GENETIC MOSAICS 

Normally each cell of a many-celled organism has the san1e set of genes. 

Occasionally, however, the organism is composed of cells with different 

genes. Some of these genetic mosaics are even half male and half fen1ale 

Glory be to God for dappled things­
For skies of couple-color as 

a brindled cow; 
For rose-moles all in stipple upon 

troltt that swim; 
Fresh-firecoal chestnut falls; finches' 

wings; . . .  

T
he delight and wonder in "pied 
beauty" expressed by the poet 
Gerard Manley Hopkins have 

surely been felt by men since earliest 
times. In nature mottling, spotting and 
striping serve the vital function of pro­
tective coloration. But even among do­
mestic animals and plants, which have 
nothing to gain from such protection, 
only the variegated-that is, varicolored 
-strains of many species now remain. 
The original solid color of the species 
vanished long ago under the influence 
of selective breeding. 

The trait of variegation has been 
something of a riddle ever since genetics 
became a science. According to the first 
principle of Mendelian genetics, each 
characteristic of an organism is deter­
mined by a gene inherited from one or 
both of its parents. If only one gene for 
a characteristic, say hair color, can as­
sert itself, how explain the appearance 
of a mosaic of two or more colors in the 
offspring? 

The question is posed more sharply 
by the occurrence of sexual mosaics, that 
is, individuals which appear to be mix­
tures of male and female tissues. These 
too were known to the ancients. The 
Assyrians and Babylonians worshiped 
deities that were half-man and half­
woman. In the figure of Hermaphroditos 
the Greeks celebrated the synthesis of 
Hermes, the god of worldly success, and 
Aphrodite, the goddess of beauty. Actual 
hermaphrodites may have been accord­
ed similar awe and veneration. In the 

by Aloha Hannah-Alava 

Middle Ages, however, they were 
burned at the stake, and they are still 
the subject of morbid curiosity. Until 
recently the occurrence of hermaphro­
dites was attributed to glandular causes, 
in line with the idea that human sexual 
characteristics, especially such second­
ary sexual characteristics as the distribu­
tion of hair on the body, are governed 
by the sex hormones. 

Today the questions and the miscon-
ceptions that surround living mosaics 

have largely been resolved. This new un­
derstanding reflects substantial progress 
in a neglected branch of genetics: the 
branch concerned with the transfer of 
hereditary characteristics from the sin­
gle-celled zygote (the fertilized egg) to 
the myriads of specialized body cells 
that comprise the adult organism. Genet­
ic mechanisms, it appears, account for 
mosaics of all kinds, except for certain 
plant mosaics caused by viruses and oth­
er environmental factors. These are the 
same mechanisms that are responsible 
for the variety and novelty in the heredi­
tary succession from one generation to 
the next. The occurrence of sexual mo­
saics is thus explained as an aberration of 
the genetic mechanism that determines 
sex in normal individuals. 

One can graft part of one organism 
onto another to create an artificial mo­
saic. This technique is of great practical 
importance in horticulture and is an im­
portant experimental technique in em­
bryology. Trees bearing several kinds of 
apple, or rose bushes with several kinds 
of bloom, have become fairly common. 
Recently Tamikazu Seno and Saburo 
Saito of Gunma University in Japan have 
reported the grafting of a chick's head to 
a duck's body, a feat that recalls the cen­
taur, the sphinx and other mosaics of 
mythology. Another kind of mosaicism 

is traceable to virus infection. Plant vi­
ruses cause mottling of leaves and of 
other tissues; such a virus is responsible 
for the attractive streaks of color in cer­
tain tulips. 

Genetic mosaics are more difficult to 
explain. Theoretically all the cells in a 
many-celled organism should have an 
identical hereditary constitution derived 
from the fertilized egg that gave rise to 
them by successive divisions. The un­
fertilized egg and the sperm cell each 
endows the fertilized egg with one set 
of chromosomes, the threadlike bodies 
in the nucleus of the cell. It is the re­
sulting double set of chromosomes that 
the fertilized egg passes on to its daugh­
ter cells, to be duplicated at each subse­
quent cell division so that every body 
cell of the organism has the same double 
set. In the fertilized egg and in the body 
cells each chromosome derived from the 
sperm lines up with the complementary 
chromosome derived from the egg. 

At a corresponding site on each 
chromosome in a pair is a gene for a 
given hereditary characteristic-to use a 
human example, let us say eye color. The 
paired genes may be homozygous (for 
instance, they are both associated with 
blue eyes) or heterozygous (one is as­
sociated with blue eyes and the other 
with brown). If they are heterozygous, 
only one gene, the "dominant," is ex­
pressed; the other, the "recessive," is 
dormant. In this light one would expect 
that all the skin cells of an animal, bear­
ing the same hereditary plan, would 
have identical characteristics such as 
color. In the mosaic animal, however, 
characteristics transmitted from both 
parents-even entirely new characteris­
tics-may appear in the skin and other 
tissues of the body. 

Early investigators of the inheritance 
of variegation found to their surprise 
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THREE PIEBALD MICE of onp, litter inherited the same recessive gene for mottling, hut 

are marked quite differently. Two have large patches of white; the other is almost all black. 

'l'hcse mice were photographed in the laboratory of L. C. Dunn at Columbia University. 
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that there are genes for pattern just as 
there are genes for eye color, and that 
these genes follow the Mendelian laws 
just as faithfully. Thus mosaicism may 
be a recessive trait and appear only in 
organisms that inherit the trait from both 
parents, or it may show up with the 
greater frequency characteristic of a 
dominant trait. A single species may 
have both recessive and dominant genes 
affecting pattern. In addition, several 
genes may work together to produce the 
pattern, or there may be factors that 
modify the main pattern-gene but have 
little or no effect if that gene is absent. 

Some 40 years ago W. E. Castle, who 
was then at Harvard University, demon­
strated these principles in a classic in­
vestigation of the "hoodedness" of hood­
ed rats. He determined that the charac­
teristic hood of black hair on the head 
of this strain of rats is in herited through 
a simple recessive gene. But the size of 
the hood is not always exactly the same, 
some rats having a larger area of black 
hair than others. By selecting and inter­
breeding for small hoods and for large 
ones over many generations, Castle pro­
duced one strain that had a very small 
hood and another strain that was all 
hood, that is, all black. He showed that 
the variation in pattern was due to the 
influence of other genes that modify the 
action of the main gene for hoodedness. 
Thus the actual expression of a trait de­
pends not only on the presence of a par­
ticular gene but also on the interaction 
of the gene with the total genetic en­
dowment. This accounts for the fact that 
such patterns tend to vary from individ­
ual to individual. 

B ut the demonstration that genetic fac-
tors control the pattern of hair color 

did not explain how the genes for such 
a pattern produce their effects. Pattern­
ing could in many cases be traced to vari­
able biochemical factors that cause the 
same gene to be expressed differently 
under different circumstances and even 
in different parts of the body. Thus in 
the Himalayan rabbit the darkening of 
the hair on the tips of the ears, the nose 
and the paws is caused by the lower 
temperature of these extremities. At one 
temperature the genes for hair color give 
rise to black hair; at another tempera­
ture the same genes produce no pigment, 
and the hair is white. If the rabbit is 
raised in an environment that is suffi­
ciently warm to raise the temperature of 
its extremities, it is all white. (Fanciers 
of S iamese cats will recognize the same 
mechanism in the color-patterning of 
these animals.) Undoubtedly most genes 
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VIRUS·INDUCED MOSAICS are common among plants. The to· 

bacco leaf at left, infected with tobacco·mosaic virus, has irregular 

HEREDITARY MOTTLING that produced yellow patches on the 

strawberry leaf at left appears only in June. In summer the leaves 

SUDDEN MUTATION in the cell of a growing leaf can cause 

mottling of the type seen in these house plants. At left is a leaf of 

dark green patches in the affected area. The mottling on the blue· 

berry leaf at right is the result of infection with a blueberry virus. 

are all green. Mottled gourd at right is the result of hybridizing a 

purebred green strain with a particular purebred yellow strain. 

the Ivy.Arum that has an irregular patch of white. The mutant leaf 

of Peperomia at right shows the normal green only in the middle. 

12 1 

© 1960 SCIENTIFIC AMERICAN, INC



responsible for pattern act through such 
variable biochemical systems, most of 
them more complex than this tempera­
ture-dependent one. 

Earlier workers were also willing to 
accept, in principle, the notion that the 
genes in body cells are subject to muta­
tion, that is, a change in the physical 
constitution of the gene which alters its 
action. As the public has learned in con­
nection with the widespread concern 

about the effects of high-energy radia­
tion, the mutation of a gene in an egg or 
a sperm cell of a parent can modify the 
heredity of the offspring. S imilarly a mu­
tation in a body cell, occurring in the 
course of embryonic development, can 
alter the constitution of the tissues de­
scended from that cell. For example, an 
individual may have a pair of recessive 
genes (let us label them GIG), and the G 
gene may mutate to the dominant gene 

G. 'Wherever a G gene mutates, GIG tissue 
will arise. Cells bearing the mutated 
gene will show the dominant trait, and 
the rest, bearing paired recessive genes, 
will exhibit the recessive trait. A tend­
ency to mutation of this kind may be in­
herent in the gene and so be a part of the 
hereditary characteristic that it controls. 
If it is a gene for hair color, each patch 
of the dominant color indicates a sepa­
rate mutation, and the size of the patch 
depends on how early in development 
the mutation occurred. 

Variegation due to mutation in somat­
ic' cells is rather common in plants. It 
often accounts for the white mottling of 
leaves. Sometimes the white sectors are 
small and randomly placed; sometimes a 
specific part of each leaf is white; some­
times whole leaves or whole branches of 
the plant are white. That the mottling 
is caused by mutation can be proved by 
growing plants from cuttings or seeds 
taken from the white sectors. Undoubt­
edly the mutation of body cells also oc­
curs in animals. But this has not been 
easy to prove, even though some investi-

GENETIC MECHANISMS account for some mosaics. Normally 

daughter cells receive exact duplicates of the paired chromosomes 

(rods) of the parent cell (top row). If corresponding genes 

(squares) of the chromosomes are unlike, that is, if one is recessive 

(black) and the other dominant (white), only the dominant trait 

is manifested. Cells having such gene pairs may produce daughter 

cells with matching genes, however, by mutation of one gene 

(second row, third step) or by "crossing over" between two chro­

mosomes (third row). Cells thus receiving paired recessive genes 

may exhibit recessive traits not seen in cells of the parental type. 
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gators argue that it is the principai mech­
anism in the genesis of mosaics. Until re­
cently there has been no satisfactory way 
of identifying the genetic make-up of 
animal tissues or cells other than the re­
productive ones. New techniques for 
culturing whole colonies of cells from 
single tissue-cells and for making their 
chromosome complements visible bear 
promise that this and other questions 
will soon be settled [see "Single Human 
Cells in Vitro," by Theodore T. Puck; 
SCIE:"ITIFIC AMERICAI', August, 19.57]. 

('urt Stern of the University of Cali­
. .A fornia has demonstrated still an­

other cause of mosaicism. This involves 
the exchange ("crossing over") of seg­
ments between two chromosomes in a 
body cell. Here again a process that nor­
mally occurs only in sex cells, and there­
by modifies the genetic constitution 
passed on to future generations, can oc­
cur in a body cell and modify the genetic 
constitution of the individual. Before 
any cell divides, each chromosome du­
plicates itself exactly, so that the daugh-

ter cells receive chromosome pairs iden­
tical with those of the parent cell. Occa­
sionally in a body cell and normally iil 
one of the divisions of a sex cell the 
chromosomes in a pair may twist to­
gether and exchange corresponding sec­
tions before they break away from each 
other. In subsequent segregation of the 
chromosomes the two daughter cells may 
not receive identical sets. One member 
of a pair of chromosomes, for example, 
might bear the recessive genes abcde; 
the other, the dominant genes ABCDE. 
If, after these chromosomes have dupli­
cated themselves, the de segment of an 
abcde chromosome crosses over with the 
DE segment of an ABCDE chromosome, 
the cell will contain chromosomes with 
the genes abcde, ABCDE, ABCde and 
abcDE. Upon division, one daughter 
cell may receive the abcDEIABCDE 
pair, and the other the ABCdelabcde 
pair. Thus a cell originally heterozygous 
for a pair of genes for color (say Did) 
can divide into two unlike cells with 
homozygous color genes, one having the 
dominant pair (DID) and the other the 

DIFFERING CHROMOSOl\IE NUMBERS in cells can also cause mosaicism. If a chromo· 

some behaves abnormally when the duplicated chromosomes separate, it may be lost (top 

row) or go to the wrong daughter cell I bottom row). X-ray treatment increases the inci­

dence of such behavior. A cell lacking a "h1'omosome may not survive, but if it does, it may 

produce cells exhibiting a recessive trait masked by a dominant gene in the other cells. 

�rnw@ 
from the � Vacuum 
MICRONICLE* 

TESTING FOR SPACE TRAVEl 

Missile failures have been traced to u,­
expected changes in behavior of materials 
and processes under outer space condi� 
tions. Until recently, facilities for simulat­
ing altitudes above 20 miles were limited. 

Today, chambers simulate altitudes of 
more than 400 miles to provide engineers 
with data on materials and systems per­
formance in space. (Shown ab.)ve is Ft. 
Monmouth Satellite Test Facility. ) 

ULTRA HIGH VACUUM GAUGE 

AIDS STUDIES 

It has been hard to measure the pres­
sures in ultra-high vacuum systems used 
for space chamber testing, thermo­
nuclear power research, micro-molecular 
circuit development and solid state 
studies. The new Nottingham Ionization 
Gauge gives direct measurements of 
J 0.10 mm mercury and indirect estimates 
of pressures to 10.12 mm Hg. The gauge is 
linear. stable and repetitive. 

*FREE NRC Vacuum 

Micronicle 

a periodical containing 
details of above and other 
news about making prod­
ucts better with NRC 
High Vacuum Equip­
ment. Wri t e  o n  your 
company letterhead. 

A Subsidiary of National Research Corporation 
DEPT. 5-2, 160 Charlemont St., Newton 61, Mass. 
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recessive (did). Tissues originating 
from the cells with Did genes or DID 
genes will have only the dominant color; 
tissues from cells with did genes will 
manifest the recessive color. 

In his experiments Stern employed the 
familiar standby of the geneticist: the 
fruit fly Drosophila melanogasteT. Ordi­
narily the fruit fly has long black bristles; 
the gene combination is labeled B L. 
However, a recessive gene (y) can 
change the color of the bristles from 
black to yellow, and another recessive 
gene (sn) can give the usually long 
bristles a singed appearance. Stern bred 
flies heterozygous for these genes; that 
is, one chromosome of a pair bore a gene 
for black bristles and a gene for singed 
bristles (B sn), and the other chromo­
SGme carried the genes for long yellow 
bristles (y L). A fly with this genetic 
make-up should have only bristles that 
are both long and black, these two traits 
being domir.:!.nt, unless some genetic 
alteration OCCl;rs. A mutation from domi­
nant to recessive in either gene, for ex­
ample, would produce patches of singed 
black bristles or patches of long yellow 
bristles. If there were crossing over, but 
not mutation, Stern reasoned, it might 
well involve both genes rather than one. 
He therefore searched among his colo­
nies for flies with paired patches of bris-

ties, one patch with 10llg yellow bris­
tles (y Lly L) and the other with singed 
black bristles (B snlB sn). His discovery 
of such patches on some flies proved that 
crossing over in the chromosomes of the 
body cells does occur, and is a cause of 
mosaicism. 

Crossing over is of course not limited 
to fruit flies. Guido Pontecorvo and his 
co-workers at the University of Glasgow 
have demonstrated that it occurs in the 
mold Aspergilllls. There are indications 
that it may also be the mechanism by 
which humans can have one brown and 
one blue eye. 

Any aberration in chromosome behav­
ior that changes the genetic endowment 
of some cells in the body can cause mo­
saicism, if the cells are capable of sur­
viving at all. There are several accidents 
of this kind in addition to mutation and 
crossing over. For example, the dupli­
cated chromosomes may not be divided 
equally between the daughter cells: one 
cell may receive an extra chromosome 
and the other be left one chromosome 
short. A chromosome may be lost as the 
cell divides, so that one daughter cell 
has the normal number of chromosomes 
but the other lacks a chromosome. The 
pioneer geneticists Thomas Hunt Mor­
gan and Calvin B. Bridges, who were 
then at Columbia University, found that 

the frequency of such accidents increases 
when embryos are exposed to X-rays or 
to extremes of temperature. Morgan's 
wife, Lillian V. Morgan, was able to pro­
duce sexual mosaics in flies with an ab­
normal sex chromosome. Injury to one of 
the sex chromosomes (the X chromo­
some) of the fruit fly may cause the 
chromosome, which is normally rod­
shaped, to become ring-shaped. In this 
configuration the chromosome tends to 
be lost during cell division. Some tissues 
in the fly accordingly have two X chro­
mosomes and are female, and some have 
a single X chromosome and are male. 

When genetic changes occur in the 
body cells of animals, the amount 

of tissue that exhibits the change will 
depend upon the point in the embryonic 
development of the organism at which 
the change occurs. The mosaic may be 
bilateral: one kind of tissue is on the 
right side of the midline of the animal 
and the other kind is on the left. Thi:; 
indicates that a genetic aberration had 
occurred before or during the first divi­
sion of the fertilized egg. Usually the 
patches are smaller; sometimes the aber­
ration involves only one cell. 

Bilateral mosaics due to loss of a 
chromosome are generally rare, but an­
other type occurs quite commonly in cer-

FRUIT FLY WITH THREE KINDS OF BRISTLE demonstrates 

that crossing over between chromosomes can produce mosaics. The 

original cells of this fly had a pair of chromosomes with two un­

matching pairs of genes affecting bristles. Most of the bristles show 

just the dominant traits, and so are long and black. In two places 

bristles with the recessive color (yellow) appear adjacent to bris­

tles with the recessive length ("singed"). The paired patches indi­

cate that the bristle genes crossed over in two of the emhryonic cells_ 
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Why you can 

always depend on 

Asarco high 

purity elements 

1. ASARCO examines every lot of material 
by chemical, spectrographic, and other 

instrumental techniques and reports all 
detectable impurities. This assures you of a 

uniform quality of material from a 

dependable source of supply. 

2. ASARCO supplies for you with each 
purchase an actual analysis of impurity 
elements detectable and the probable level 
at which these impurities are present. 

3. ASARCO has been a pioneer in the 
production of high purity elements for over 
25 years. ASARCO high purity elements 
have been used for research in this country 
and abroad for fundamental studies in 
metal-physics and semi-conductor technology. 
The High Purity Metals Staff is always 
",iI,hI, to di;eu;, yom iudi,idu,l P'). 

� 
� 

The above information is among the pertinent 0 data compiled by ASARCO's Central Research 
Laboratories in a catalogue, now available to users of 
high purity elements. For copy, write on your 
letterhead to American Smelting and Refining Company, 
120 Broadway, New York 5, N. Y. 

(If you use high purity elements, save this page as a current buying guide) 
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tain races of bees, ants, moths and flies 
that have a tendency to lay eggs with 
two nuclei, Because each of the two nu­
clei receives one chromosome of each 
pair of maternal chromosomes, the nu­
clei may acquire different sets of genes. 
In the first cell division after fertilization 
the nuclei go to separate daughter cells, 
and each gives rise to half of the result­
ing embryo. 

Insect mosaics are frequently sexual 
mosaics. These "gynandromorphs" occur 
in all imaginable forms, from those which 
possess functional organs of both sexes to 
those which are a mosaic of male and 
female tissues and possess functional 
sexual organs only if the gonads and re­
lated structures are genetically all female 
or all male. Bilateral sexual mosaics­
having male coloring and form on one 

side and female on the other-are well 
known to butterfly collectors and are so 
highly prized that unscrupulous sellers 
have been known to go to the trouble of 
forging them. 

In most insects and other members of 
the animal kingdom that reproduce sexu­
ally, sex is determined by the sex chromo­
somes. Normally one sex has two similar 
sex chromosomes (labeled XX) and the 
other has two different sex chromosomes 
(XY) or just one sex chromosome (XO). 
Which combination is male and which 
female varies with the species. The fact 
that the X chromosome can occur either 
paired (XX) or unpaired (XY or XO) 
makes it relatively easy to identify the 
"sex-linked" genes associated with it. 
These genes do not necessarily govern 
characteristics related to sexual func-

) 

) 

tion, but the characteristics are sex­
linked in the sense that recessive genes 
wiII tend to manifest themselves only in 
one or the other sex. For this reason 
many studies of gene action at the cellu­
lar level have focused on the sex chromo­
somes. 

Bilateral sexual mosaics often occur 
in insects that develop from eggs with 
two nuclei. Both nuclei in the two­
nucleus egg of a fly or moth bear the X 
chromosome. Upon fertilization one nu­
cleus may be joined by a sperm bearing 
an X chromosome and the other by a 
sperm bearing a Y chromosome. This 
will give rise to a gynandromorph with 
female tissue (XX) on one side and male 
tissue (XY) on the other. In the special 
case of bees or ants, in which sex is de­
termined not by sex chromosomes but by 

EGG CELLS WITH TWO NUCLEI produce bilateral mosaics in 

insects, one side of the anitnal COining £i'oln one nucleus, the other 

side coming from the second nucleus. Each nucleus may have a 

different genetic complement (symbolized by an unpaired chromo· 

some) , and the fertilizing sperms also may differ (lop row). The 

resulting insect may be half male and half female if, for instance, 

one sperm carries an X chroillosorne and the other a Y ('hrol11o­

some. Among insects such as bees, sex depends on whether all 

chromosomes are paired or unpaired; then inse{"t is half nlale and 

half female when only one nucleus is fertilized (bottom row,. 
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they've got 

TEXUS 

on the 

line 

TEXUS is one of the largest producers of syn­

thetic rubber. Most of the rubber in this 

conveyor belt is TEXUS rubber. Did you know 

that well over two-thirds the rubber used by 

both consumers and industry is man-made? 

In wartime, synthetic rubber was developed 

as a substitute for natural rubber. But now 

research has made it superior in qualities, 

more practical and more economical than its 

prototype for many rubber products. 

Yet synthetic rubber is only as good as the 

raw materials and controls used in process­

ing. That's why SYNPOL® (name of the TEXUS 
brand of synthetic rubber) is made under 

an exacting program of complete quality 

control-before, during and after processing. 

Write for technical information now. 

Pace setter in 
synthetic rubber technology 
TEXAS-U.S. CHEMICAL COMPANY, 

260 Madison Avenue, New York 16, N. Y. 
MUrray Hill 9-3322 
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Apply coatings of high melting point 

materials such as tungsten, tungsten 

carbide, molybdenum, chromium car· 

bide, titanium oxide, rare earth oxides. 

Operates at 10,0000.15,0000 F. 
Now any material that can be melted 

without decomposing can be sprayed. 

Despite high melting temperature, object 

sprayed stays cool. 

High fluidity of particles and high veloc· 

ity of impingement bond the particles to· 

gether to produce high density coatings 

semi· fused to work. Absence of air elimi· 

nates oxidation. 

The METeo Plasma Flame Spray Gun is 

a valuable new tool for the metalworking 

research department or production line. 

Operates on inexpensive inert gases with 

high electrical power conversion effi­
ciency, long component life. Continuous 

gas streams as high as 30,OOO°F., with 
accurate control of temperature, gener­

ated at costs Va to Ih those of oxygen-fuel 

gas equipment for equivalent heat out­
put. No combustion-uses inert gases. No 

flashback or explosion hazards - push­

button operation. 

Write today for free bulletin describing 

the METCO Plasma Flame Gun. 

Metallizing Engineering Co., Inc 
Flame Spray Equipment an� Supplies 
1119 Prospect Avenue, Westbury, Long Island, N. Y. 
In Great Britain, METALLIZING EQUIPMENT CO. LTD. 

Chobham-Near-Woking, England 
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whether or not the chromosome comple­
ment of the individual is paired or un­
paired, gynandromorphs may arise from 
a two-nucleus egg by another mecha­
nism. If only one of the two nuclei is 
fertilized, that nucleus will give rise to 
tissue cells with paired chromosomes 
(female), while the other will give rise 
to tissue cells with unpaired chromo­
somes (male). A gynandromorph of XX 
female and XO male constitution can 
occur in fruit flies when a cell in a de­
veloping female embryo loses an X 
chromosome. A gynandromorph can 
thus be due to many causes and may 
arise during any stage of embryonic de­
velopment. 

I t was long thought that gynandro-
morphs would not show up in the 

higher vertebrates because of the over­
riding influence of the sex hormones on 
the expression of secondary sexual char­
acteristics. In vertebrates such as man 
the sex chromosomes seemed merely. to 
determine whether the embryo is to 
develop ovaries or testes; once these or-

gans develop, the hormones they secrete 
take over the task of determining the 
sexual characteristics of the individual. 
In fishes, newts, toads and birds simple 
administration of hormones during de­
velopment can change genetic males 
into functional females, or (less often) 
genetic females into functional males. 
Intersexes in higher vertebrates are usu­
ally found to have an insufficiency or 
overabundance of certain hormones. De­
spite the overwhelming evidence in fa­
vor of hormonal determination of the 
secondary sexual characteristics in verte­
brates, however, reports of gynandro­
morphs in birds and mice continually 
crop up, and various studies have af­
firmed their genetic basis. The condition 
has been found to be associated with 
differences in the number of chromo­
somes in the two types of tissue in the 
mosaic, and in some cases the missing or 
aberrant element has been identified as a 
sex chromosome. According to another 
study, differences in the growth of the 
genetically different tissues indicated 
that one type was more responsive to the 

HOODED RATS, so called because of their black heads, inherit the trait through a single 

recessive gene. The size of the hood, however, depends on other genetic factors. By selective 

breeding, W. E. Castle succeeded in producing a strain of "hooded" rats that was practically 

all white (top) and another that was black except for its abdomen (bottom). The original 

population had hoods like that of the second rat. One intermediate strain (third) is shown. 
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sex hormone present in the organism. 
The sex hormones, in any case, have 
been yielding their monopoly on the de­
termination of secondary sexual char­
acteristics in vertebrates. Coloring in 
finches is known to be genetically de­
termined and quite independent of the 
action of the sex hormones. Undoubtedly 
the same is true of other species of bird. 

These observations helped to take 
some of the surprise out of the report 
several years ago of a human gynandro­
morph: an individual described as a mo­
saic for bearded and beardless areas of 
skin and for some other secondary sexual 
characteristics. More recently the new 
techniques for counting chromosomes in 
animal tissue cells have been applied to 
the cells of persons suffering from cer­
tain genetic syndromes. Individuals with 
Turner's syndrome (who were essential­
ly female in appearance) were found to 
lack one X chromosome, and individuals 
with Kleinfelter's syndrome (who were 
nearly normal males) had two X chromo­
somes in addition to a Y chromosome. 

Taken together with recent work on 
other mammals, these reports have radi­
cally revised the prevailing view of sex 
determination in man. As in the lower 
animals, the human egg bears an X chro­
mosome, and the sperm carries an X or 
a Y chromosome; the combination XX 
gives rise to a female and XY to a male. 
Once the gonads were determined in ac­
cord with the genetic combination, how­
ever, it was thought that the hormones 
took over. Now it appears that genetic 
factors play a much more pervasive and 
decisive role it� the determination of sex 
in the human species. The Y chromo­
some appears to possess factors for 
"maleness." 

I f this is the case, it is the presence or 
absence of the Y chromosome rather 

than of the X chromosome that makes 
the difference. The loss of an X chromo­
some, which produces an insect gynan­
dromorph, would not produce a sexual 
mosaic in man; tissues with an XO genet­
ic complement as well as those with the 
normal XX complement will be female 
in constitution. An XO-XX mosaic could 
be detected only by the manifestations 
of sex-linked recessive genes associated 
with the single X chromosome in the XO 
sectors. These might not show up at all 
if the sectors are small. One such mosaic 
might be indicated, however, by the oc­
currence of color blindness in one eye 
of a woman. Color blindness is a reces­
sive sex-linked trait associated with the 
X chromosome. The color-blind eye 
would be derived from XO tissue with 

The Cryotron 
and The 
Birdbrain 

crows solve problems. 

ravens translate images. 

hens even count. 

the brain of birds is small, but the 

same size electronic brain to do equal 

work would be a wonder indeed, 

and there's one in the making that's 

even smaller I 

cryotrons - electronic devices useful 

for computer memory s�orage, are 

being developed exceedingly small. 

so small several million will fit within 

a square centimeter. computers are 

rivaling the human brain in action, 

rivaling the birdbrain in size 

through miniaturization. 

MPS is helping companies reach many 

and varied ob jectives. MPS offers a 

unique consultation staff of highly 

creative scientists and technicians, 

backed by the most modern facilities 

in the field of miniaturization. 

over 500 types and sizes of miniature 

bearings, OD's ranging from 3/8/1 to 

1/10" and specials on request. 

Miniature Precision Bearings, Inc., 

1205 Precision Park, Keene, N. H. 
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I F  P H E N O L I C S C A N  D O  I T, PLENCO  C A N  P R O V I D E  I T  

A N D D O E S - F O R  M I C R O  S W I T C H  

to mold the p recision 

switches used aboa rd the USS Naut i l us ,  
M i n n ea pol is- Honeywe l l ' s  MICRO SWITCH d iv is ion specif ied 

P L E N c::: e> 

1 3 0  

T H E  H A Z A R D S  that exist for un derwater Arctic seamen 
at  the top of the world are many.  

A conventional m agnetic com pass, for  example,  is  
unreliable and useless as an i n strument for indicating d irec­
t ion in that area. Yet,  the atomic powered USS Nauti lus,  
i n  i ts  h i storic first transpolar crossing,  was able to avoid 
the danger of u n known posit ion or track. Aboard were 
M ICRO SWITCH subm i n iature switches, part of the 
Controls System of the most advanced navigational 
equipment available.  

So i ncredibly precise are these subminiature switches 
that the m ovement requi red to actuate them i s  as slight as 
thirty-thousandths of an inch.  Assured d i mensional stabil ity 
o f  switch housi ngs, covers and components,  under the most 
adverse conditions of exposure and physical abuse, is 

therefore vital .  For such assurance, M I CRO SWITC H 
engi neers specify high-strength Plenco phenolic compounds.  

I n  the molding of these elements of the m i n iaturized 
switches, as  well  as th ose of the larger l i m i t  switches, 
Plenco molding compounds meet the specified require­
ments-minimum moisture absorption ; maximum d ielec­
tric strengt h ;  a n d ,  of course d imensional stabil ity.  Al l  
contri bute t o  the proved rel iabil ity of M ICRO SWITCH 
precis ion snap-action switches i n  the Controls Systems of 
industrial installat ions everywhere. 

Through scrupulous quality standards and a n  extensive 
selection of general and special-purpose compounds,  PIe nco 
contributes s im ilarly to  many other industries.  We' d  l ike  
the opportunity t o  apply  them to your product  o r  prod uc­
tion problem . 

P L AST I C S  E N G I N E E R I N G  C O M PA N Y  
S h e b o y g a n ,  W i s c o n s i n  

Servi n g  the p last ics i n d u stry i n  the  m a n ufactu re of 
h i g h  g ra d e  p h e n o l i c  m o l d i n g  c o m p o u n d s ,  i n d u str ial  resi n s  a n d  c o ati n g  resi n s .  

-��� 
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HIMALA YAN RABBIT has a temperature­

sensitive color factor. When reared in a cool 

place, the rabbit has black hair on its ex­

tremities, the coolest parts of its body ( top). 

When reared in a warm place, it is all white 

( center). If an area of skin is shaved and 

then cooled artificially, the hair grows in 

black at that spot on the rabbit ( botto m ) .  

the color-blindness factor carried by  the 
X chromosome; the normal eye would be 
derived from XX tissue, with the gene 
for color blindness being suppressed by 
its normal partner associated with the 
second X chromosome. 

From the evidence to date one would 
expect that if chromosomal elimination 
can produce gynandromorphs in Im­
mans at all, such persons would be mo­
saic for XY male and XO female tissues 
by the loss of a Y chromosome. S imilarly 
individuals with an extra sex chromo­
some could be mosaics of XX female and 
XXY male tissues. Such persons would 
have some cells with 46 chromosomes 
(the normal number) and some cells 
with 47 or 45 chromosomes. Individuals 
with these counts have been reported re­
cently, but so far none has shown a cor­
responding mixture of male and female 
characteristics. 
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T H I S  I S  T H E  E V E R - I M PORTANT P R O B L E M  FAC I N G T H E  U . S. 

N AV Y  E VE R Y D AY AS T H E Y  ARE CON S TA NTLY O N  GUARD 

TO P R O T E C T T H I S  N AT I O N  F R O M  S U R P R I S E  AT TAC K .  

* By working with equipment carried by several Anti-Submadne' vehicles the 
men of the U.S . . Nal'y determined that both suspected targets were actually . . : 
whales. Bendix-Pacific has delle/oped and built much of the ASW equipment now 
in serllice . We are a/so actillely engaged in developing advanced ASW equipment 
and 'systems In the areas of Data Processing and Classification; Sonar, Surveillance 
and Radar. 

We invite your inquiry regarding the outstanding engineering opportunities available 
in  this increasingly challenging field. Write Ralph Lamm, Director. of Engineering. 

�no'p'-N�/RC' 
DIVISION Of 8-fiN01X AVlATION CORPOIV-1I0N 

NO�TH HOLLYWOOD, CALIPORNIA 
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TRW's power conversion 
system, shown h e re i n  relative 
position i n  a typic a l  space 
satel l ite,  was developed a s  
p a rt  of t h e  A E C ' s  S N A P  I I  
p roject u n d e r  p r i m e  contract 
to t h e  Atomics I n t e r n a t i o n a l  
Div. of N o rt h  A m e r i c a n  
Aviation, I n c.  

fro m a m i n i at u re t u r b o - g e n e rato r . . .  

E LE CTR I CAL POWE R 
FO R A YEAR I N  S PAC E 
T h o m pson R a m o  Woo l d ri d ge I n c . ' s  n a ti o n a l  l e a d e rs h i p  i n  t h e  deve l o p m e n t  of a ux i l i a ry 

power,  ba sed on the  m a n ufactu re of th o u s a n d s  of a u x i l i a ry power u n i ts for a i rcraft a n d  

m i ss i l es ,  i s  n o w  b e i n g  exte n d e d  i nto t h e  space fi e l d .  

R ecent ly  descr ibed i n  a n  a n n o u n c e m e n t  b y  t h e  Ato m i c  Ene rgy Co m m i ss i o n  as  a n  

o u tsta n d i ng ly  su ccessfu l d eve l o p m e n t  i s  t h i s  "fa ntast ica l ly s m a l l "  tu rbo-ge n e rator fo r the  

AEC ' s  S N AP I I  (Syste m s  for  N u c l e a r  Aux i l i a ry Powe r) p roject. T h e  t i ny  2 5 - po u n d  dev ice ,  

no l a rger t h a n  a footba l l ,  i s  p a rt of the  TRW system w h i c h  wi l l  convert heat  ge n e rated 

by the wo rl d ' s  s m a l l est n u c l e a r  reacto r i nto e l ectri ca l e n e rgy s u ff i c i e n t  to o p e rate ra d i o  

tra n s m i tters a n d  oth e r  i n stru m e nts i n  space sate l l ites fo r a fu l l  yea r .  

T h e  S NAP I I  tu rbo-ge n e rato r a c h i eve m e n t  wi l l  h e l p  m a ke poss i b l e  l o n g- l ived sate l l i tes , 

wor l d-wi d e  te l ev i s i o n  com m u n i cati o n s ,  deep  space i n fo rmat i o n  tra n s m iss ion  a n d  

i nte rp l a n eta ry trave l .  I t  i s  o n l y  o n e  res u l t  o f  t h e  cont i n u i ng p rogra m o f  bas ic  a n d  a p p l i e d  

resea rc h  b y  TRW sc ient ists a n d  eng i n eers i nto n ew materi a l s ,  tech n i q ues ,  a n d  d ev ices 

to m eet t h e  stri nge n t  o p e rati o n a l  and env i ro n m e n ta l  req u i re m e nts of the space age . 
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INTENSE FLASH OF LIGHT visible in top photograph sets off 
photochemical reactions in a quartz irradiation cell. After a brief 
interval a monitoring flash (bottom photograph) directs a beam 

134 

of light through the cell to the spectrograph at upper right, where 
the products of the reaction can be identified. Some of these sub­
stnnees have a lifetime of less than a millionth of a second. 
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FLASH PHOTOLYSIS 

\Vith th is new method investigators have been ahle to observe 

d il'ectly many of the short-lived, u n stable substances that play 

a key role in photochemistry and other fast chenl Lcal processes 

Visible light induces a wide variety 
of chemical changes, from the 
blackening of photographic film 

to photosynthesis. In trying to follow the 
course of such reactions the chemist has 
been frustrated by their extreme rapidi­
ty. Traditionally the experimenter at­
tacked the problem by exposing a photo­
sensitive mixture to a steady source of 
light and attempting to analyze the in­
termediate products as they formed. It 
became clear, however, that he was usu­
ally coming late to the show. The first 
substances he could catch were obvious­
I y several steps removed from the initial 
materials. To fill in these steps it was 
necessary to resort to theory to postulate 
a series of fast reactions between inter­
mediates too Heeting to identify by con­
ventional analysis. 

Hecently a new technique called Hash 
phctolysis has begun to fill in the gap. 
Instead of a steady light source it em­
ploys a brief, strong Hash to start the 
reaction. Then, after a very short inter­
val, the mixture is analyzed spectroscop­
ically by a fainter burst of light. In this 
way intermediate products with a life­
time of only a few millionths of a second 
have been positively identified. Flash 
photolysis has already revealed the de­
tails of important chemical processes in 
areas ranging from inorganic chemistry 
to biology. The technique promises to' 

contribute substantially to many branch­
es of high-speed chemistry. 

A photochemical reaction begins with 
the absorption of energy in the form of 
discrete packets, or· photons, by mole­
cules of the reacting substances. What 
happens next depends on the strength of 
the chemical bonds within the molecules 
and on the energy of the photons. The 
latter depends in turn on the wavelength 
of the light; the shorter the wavelength, 

b�· Leonard 1. GroHsweiner 

the higher the energy of the photons. 
Thus visible light can split an iodine 
molecule (12) into two iodine atoms, but 
the disruption of an oxygen molecule 
(02) requires the shorter-wavelength 
ultraviolet radiation. 

A normal chemical bond consists of a 
pair of electrons, one from each of the 
bonded atoms. Like all electrons, they 

are spinning and hence are magnetized. 
In a stable molecule the spins of the two 
electrons are in opposite directions, thus 
canceling the magnetic effect. This is 
the arrangement preferred by nature be­
cause it has the minimum of energy. Be­
ing unmagnetized, the molecule is unaf­
fected by external magnetic fields, which 
has led spectroscopists to name it a sing-

OSCILLOSCOPE TRACES show changes in light transmission at a given wavelength which 

plot the growth and decline of transitory substances produced by photolysis. Transmission 
increases with downward direction of vertical scale. Each unit on horizontal scale repre· 
sents .02 second. These traces show the effects of green (top) and red (bottom) flashes of 
light on color centers in a crystal of potassium chloride. In both cases a sharp change, 
which is too fast to leave a trace, is followed hy a relatively slow return to the original value. 
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let. (A magnetized atom or molecule can 
assume different orientations with re­
spect to an external field. These orienta­
tions differ in energy and give rise to 
split lines in the spectrum. An unmag­
netized molecule can have only a single 
energy and therefore only single lines.) 

W hen a chemical bond is disrupted 
by absorbing a light quantum, the 

molecule splits into two fragments, each 
with an unpaired electron. These frag­
ments, known as free radicals, are in­
tensely reactive because of the high en­
ergy stored in the odd electron. When 
they do react, the electron again pairs 
off with one of opposite spin, and the 
energy is released. Even in small num­
bers free radicals can set off large-scale 
chemical changes through their capacity 
to initiate chain reactions. A free radical 
reacts with a stable molecule, liberating 
another free radical, which reacts with 
another stable molecule, and so on [see 
"Free Radicals," by Paul D. Bartlett; SCI-

POWER SUPPLY 

� CAPACITOR 

ELECTRONIC � TRIGGER SWITCH 

SPECTROFLASH 

LAMP 

DELAY 
CIRCUIT 

ENTIFIC AMERICAN, December, 19.53]. 
If the absorbed light-quantum does 

not have enough energy to break a chem­
ical bond, it raises an electron of the 
molecule to a higher energy-level, pro­
ducing an "excited" singlet. In this form 
the singlet may react with another mole­
cule, but it generally does not have the 
chance, because it loses its excess energy 
very quickly-within a hundred mil­
lionth of a second-by emitting light or 
heat. Sometimes, however, it decays in 
a different way. Part of its excess energy 
reverses the spin of one of the electrons, 
so that now two of them are unpaired 
[see illustration on opposite page]. Such 
a molecular arrangement has three pos­
sible orientations with respect to an ex­
ternal magnetic field, and is therefore 
called a triplet. 

The process, known as internal con­
version, is fairly common in molecules 
containing heavy atoms. The resulting 
triplets, which constitute another spe­
cies of free radical, still have some extra 

HIGH VOLTAGE 
POWER SUPPLY 

CAPACITOR 

BANK 

ELECTRONIC 
SWITCH 

FLASH LAMP 

energy. If left to themselves, they will 
eventually give it up by radiation, but 
this happens much more slowly than in 
the case of singlets; some isolated triplets 
can endure for a second or more. There­
fore they often have time to react with 
other molecules, losing their energy in 
this way. 

Only by identifying these early prod­
ucts of photochemical reactions can we 
explain the succeeding steps, which pro­
ceed by the thermal, or "dark," reactions 
of ordinary chemistry. Unfortunately, 
as has been mentioned, excited mole­
cules and free radicals are present so 
briefly and in such small quantities that 
they elude conventional methods of de­
tection. In some cases they can be caught 
by dissolving the reacting substances in 
viscous solvents at low temperatures and 
freezing in the unstable products. But 
this technique yields little information 
about normal room-temperature reac­
tions. The same objections apply to a 
related method in which free radicals 

OSCILLOSCOPE 

PHOTOGRAPHIC PLATE 

FLASH PHOTOLYSIS APPARATUS shown in the photogmphs 
on page 134 is depicted here schematically. The capacitor bank, 
with a power output of up to 100 million watts, produces a violent 
burst of light (colored arrows) which liberates short-lived prod· 

ucts. The spectrofiash lamp, triggered by the main flash, sends a 
beam of light (broken colored line) through the irradiation cham­
ber to the spectroscope. In some experiments this lamp is replaced 
by a continuous light, and the photographic plate by a photocell. 
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are trapped in solid form on a surface 
chilled by liquid nitrogen [see "Frozen 
Free Radicals," by Charles M. Herzfeld 
and Arnold M. Bass; SCIENTIFIC AlIIEH­
ICAN, March, 1957]. 

1::( Iash photolysis solves the problem in 
a different way. By using light of ex­

tremely high intensity it produces ex­
citation products in quantities sufficient 
for detection by ordinary spectroscopy. 
And by operating with very short Hashes 
it detects them before they disappear. 

The initial burst of radiation is de­
livered by lamps that are essentially 
large-scale models of the familiar photo­
graphic stroboscopic-Hash lamp. Their 
heavy metal electrodes, set within a 
fused quartz jacket filled with xenon or 
some other inert gas, are excited by a 
bank of capacitors that delivers an elec­
trical pulse at 5,000 to 25,000 volts. Dis­
charging in a few hundred thousandths 
of a second, they deliver power at rates 
as high as a billion watts! 
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l:�::::::::::l 

�------------------� 

i 

: 
!----------0-­;-0-----------
l __________________ � 

SECOND EXCITED SINGLET 

Ii\ 

FIRST EXCITED SINGLET 

Z 0 i= i'VVr i'\l\l\l'r CL "" 0 V> CO « 
! r------------------i i t:�::�:1 SINGLET GROUND STATE 

z 0 i= CL "" 0 V> CO « 

Synchronized with the big lamp, and 
set to fire after a short predetermined 
interval, is a much weaker auxiliary 
flash lamp that sends a light beam 
through the reaction vessel. The beam 
then passes into a spectrograph that re­
cords the absorption spectrum of the 
mixture [see opposite page]. 

A series of such snapshots not only 
identifies the reaction products but also 
shows the rate at which they appear and 
disappear. Once the constituents have 
been determined, each one can be 
traced more accurately by replacing the 
second flash lamp with a small continu­
ous lamp, and the photographic plate 
with a photoelectric tube, set to receive 
a particular wavelength. In this way the 
absorption due to one of the constituents 
is monitored continuously. The signal 
from the photo tube is fed to an oscillo­
scope, where it produces a graph show­
ing the growth and disappearance of the 
substance [see illustration on page 135]. 
The method is quite sensitive; it easily 

detects changes in light transmission as 
small as one part in 10,000. 

Flash photolysis was devised in 1949 
by George Porter and R. G. W. Nor­

rish at the University of Cambridge. 
They and Gerhard Herzberg and D. A. 
Ramsay at the National Research Coun­
cil of Canada proceeded to apply it 
to research on free radicals. They soon 
identified a number of small ones, sllch 
as CIO, SO, NH2, PH2 and CH�, whose 
existence had previously been suspected 
from indirect evidence. Now the chemis­
try of these substances could be worked 
out in detail. 

Porter and his co-workers then went 
on to investigate a group of more com­
plex free radicals deriving from simple 
"aromatic" compounds, which consist of 
the six-carbon benzene ring (C6H:;) 
plus an attached side-chain. After flash 
photolysis all these substances yielded 
the same transient spectrum, identified 
as that of the benzyl radical (CHH5 
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t;'�1 
PHOTOEXCITATION PROCESSES shown here are the first steps 

in many photochemical reactions. Straight colored arrows indicate 
processes in which photons ( colored waves ) are absorbed or 

emitted; straight black arrows, those involving heat e�lission. A 

singlet molecule, iu which electrons of opposite spin (black curved 
arrows ) are paired, rapidly returns to ihe gronnd state. Sometimes, 
however, it chauges to a triplet molecule with two nnpaired elec· 
trons ( colored curved arrows ) , which then decays more slowly. 
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CH:!). In each case the irradiation de­
tached only part of the side chain, leav­
ing a single carbon atom. Similar re­
sults were obtained with related com­
pounds. Almost invariably a single atom 
of carbon, oxygen or nitrogen remained 
attached to the ring. These results con­
firm a prediction of the resonance theory 
of chemiCal bonds, which says that the 
single and double bonds of an aromatic 
compound oscillate between different ar­
rangements of equal energy. By itself 
the benzene ring has two such patterns, 

whereas a benzyl or similar free radical 
has no less than Rve [see illustration be­
low J. Hence it is a more likely product 
of molecular disruption than is the bare 
ring. 

At the Argonne National Laboratory 
we extended this work to more com­
plex substances such as proteins. When 
we irradiated the protein ovalbumin, 
we found that its transient spectrum 
was a combination of the spectra of two 
of its constituents: the aromatic amino 
acids tyrosine and tryptophan. This sug-

gested that the action of light in decom­
posing the giant molecule could be un­
derstood in terms of its action on the two 
amino acids. 

On further investigation we found 
that tryptophan, though considerably 
more complex than the aromatic sub­
stances studied by Porter, decomposes in 
much the same manner: by a break in 
the side chain. StJ�angely, however, tyro­
sine, with a structure much closer to that 
of the simple aromatics, behaves quite 
differently. Properly speaking it does not 
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SIMPLE AROMATIC COMPOUNDS shown at top 
are decomposed by light (broken colored line) into 
free radicals consisting of the hexagonal phenyl group 
plus a one-link side chain, rather than the phenyl 

radical alone. The latter is less "probable" because its 
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bonds can assume only two configurations (middle). 

Addition of the side chain, as in the phenoxy rad ical 
(bottom), provides another bonding site and thus 

makes possible five different arrangements of the 
bonds. The dots in color represent unpaired electrons. 
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AC Seeks and Solves the Significant-Inspired by GM's pledge to contribute heavily to our national defense, 

AC, an acknowledged leader in the new technology, plans to reach far beyond such accomplishments as 

AChiever inertial guidance systems. I This is AC QUESTMANSHIP. It's an exciting scientific quest for 

new ideas, components and systems ... to promote AC's challenging projects in guidance, navigation, 

control and detection. / Mr. Jack Briner, AC Director of Field Service, believes his department's Career 

Development Program "offers young engineers world·wide opportunities in the practice of Questman· 

ship." They learn a product from its technological theory through its operational deployment. Following 

this training, "they utilize their own ingenuity to support AC products in the field, with more effective 

technical liaison through training, publications, maintenance engineering, and logistics." / You may 

qualify for this special training, if you have a B.S. in the electronics, scientific, electrical or mechanical 

fields. Special opportunities also exist at AC for men with M.S. and Ph.D. degrees. If you are a "seeker 

and solver," write the Director of Scientific and Professional Employment, Mr. Robert Allen, Oak Creek 

Plant, Box 746, South Milwaukee, Wisconsin. 
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SPECI FICATIONS 

Range .... ....... ... .... . . ............ Telemetering Band 
(216-260 Mcps) 

Passband . ... . . . . .. ................. .. =0.300 Mcps 
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Insertion Loss in Passband ........... :::1.25 DB at 125°C 

:::1.15 DB at room 
temperature 

VSWR in Passband ................... :::1.20 
Isolation between Adjacent Channels 

at 5 Mcps Spacing ................ �20 DB 
Temperature Range .................. _65°C to +125°C 
Vibration ............................. For use in gu ided 

missiles; meets mili· 
tary vibration specs 

Other power levels and higher frequency 
ranges can also be provided. 

Triple Filter for 
��MINUTEMAN" Missile 

Telemetry System 
Allen-Bradley Triplexer is designed 

to permit three simultaneous telemetry 

signals through one antenna without 

mutual interference. 

These high-efficiency triple filters-employed in the 
Minuteman Test Program-enable three transmitters to 
send in-flight performance data simultaneously from a 
single antenna. Although extremely compact and light in 
weight, the Triplexer is ruggedly constructed to 
withstand shock and vibration-and it is gold plated to 
reflect high temperatures. This highly sophisticated 
filter system-developed and built by Allen-Bradley­
illustrates their extensive experience in advanced 
electronic research, and capabilities in precision manu­
facturing. Allen-Bradley scientists and engineers will 
be pleased to cooperate in solving your problems. 

ALLEN - BRADLEY 
Quality Electronic Components 

Allen-Bradley Co., 1204 S. Third St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 
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break down at all, but instead ejects an 
electron to become a positively charged 
free radical. This process is exceedingly 
rare in photochemistry, usually requiring 
energies higher than those provided by 
light. 

l' hus flash photolysis makes it possible 
to break down complicated reactions 

into simpler components. It has also 
demonstrated that some apparently sim­
ple reactions are more complicated than 
they seem. Consider the decomposition 
of molecular iodine (I�). Flash irradia­
tion of this brownish substance produces 
a jump in light transmission due to the 
formation of colorless iodine atoms (1). 
After the flash the transmission returns 
to normal as the atoms recombine. For 
iodine in solution the rate of recombina­
tion agrees well with that calculated on 
the simple assumption that pairs of io­
dine atoms react when they collide. For 
gaseous iodine, however, the rate of re­
combination is slower. It turns out that 

+ 

two iodine atoms cannot recombine un­
less a third body is present to carry 
away the energy released. In a solution 
the molecules of the solvent are readily 
available for this purpose, and recombi­
nation takes place on almost every col­
lision of two iodine atoms. In gaseous 
iodine the presence of a third body at 
the time of collision is a much rarer 
event, and so the process develops more 
slowly. 

Further measurements indicate that 
even this three-body model does not tell 
the whole story, because the rate of 
recombination accelerates as the con­
centration of iodine molecules increases. 
In fact, these molecules are about 1,000 
times more efficient than are molecules 
of other gases in promoting the reaction. 
Recent experiments by Norman David­
son at the California Institute of Tech­
nology indicate that they operate through 
a sllccession of two-body collisions rath­
er than through the rarer three-body 
events. An 12 molecule collides with an I 
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atom and forms a fairly stable molecule 
of I�. This in turn hits another I atom, 
forming a pair of 12 molecules. The exist­
ence of the 1:1 form was predicted nearly 
30 years ago, but has only now been con­
firmed. 

The chemical behavior of excited 
molecules parallels that of free radicals 
in many respects. Flash photolysis en­
ables us to distinguish the two species 
spectroscopically. Excited singlets usu­
ally disappear too quickly to be de­
tected; the excited molecules thus far 
observed are assumed to be in the long­
er-lived triplet state. Early work at the 
University of Cambridge showed that 
complex aromatic molecules containing 
two or more rings are particularly likely 
to form triplets. The first direct measure­
ments of triplet lifetimes were made on 
anthracene, a three-benzene-ring coal­
tar derivative. In very pure solutions 
the triplets disappear relatively slowly 
by emitting light or heat. Even small 
amounts of impurities drastically shorten 

"PHOTOSENSITIZA TION" BY DYES is typified by the processes 
diagrammed here. Ultraviolet light, but not visible light, converts 
phenol ion into the phenoxy free radical plus an electron (top). 

The addition of certain dyes sensitizes the mixture to visible light, 

which can then produce the phenoxy radical by a two·step process 
(bottom). The light converts the dye molecule to the triplet state; 

the triplet thereupon reacts with the phenol ion by taking up an 
electron from it and thus converting it into a phenoxy radical. 

141 

© 1960 SCIENTIFIC AMERICAN, INC



142 

© 1960 SCIENTIFIC AMERICAN, INC



their lifetimes by reacting with them. 
Sometimes triplets transfer their ex­

cess energy to other molecules without 
combining with them. These energized 
materials then proceed to react with still 
other molecules. Here the triplet acts as 
a catalyst, and the reaction that finally 
takes place is said to be photosensitized. 
Such processes are useful in a number 
of technological applications. For exam­
ple, the emulsion of black-and-white 
photographic film responds chiefly to the 
blue and green light that strikes it. By 
adding dyes which absorb red and yel­
low light, and which then transfer the 
light's energy to the emulsion, the re­
sponse of the film can be extended over 
the entire visible spectrum. 

T he most important of all photochemi-
- cal reactions is photosynthesis, in 

which the green pigment chlorophyll ab­
sorbs light energy and catalyzes the 
transformation of water and carbon di­
oxide into carbohydrate. This transfor­
mation requires about three times as 
much energy as is provided by each light 
quantum absorbed. One of the major 
unsolved problems of pllotosynthesis is 
how and where energy is stored up until 
it accumulates in sufficient quantity to 
activate the synthesis. Flash photolysis 
has not yet succeeded in answering the 
question, but it has given a glimpse of 
the first step. Robert Livingston of the 
University of Minnesota has discovered 
that when chlorophyll absorbs light, it 
is converted to a triplet state that lasts 
for about a thousandth of a second. 
Where the triplet then deposits its en­
ergy is still unknown. 

Another problem, less fundamental 
but of considerable commercial impor-

SPECTROGRAMS show the decomposi. 
tion of ionic phenol by ultraviolet and by 
visible light. Phenol alone (top spectrum 0/ 

lop group) absorbs only ultraviolet light. 
The next spectrum shows the narrow absorp. 
tion bands of a phenol radical measured a 
hundred thousandth of a second after it-radi· 

ali on. Successive spectra show its gradual 
disappearance. The broad dark band at the 

far left indicates some permanent decompo. 
sition. With the addition of the dye eosin 
the solution absorbs a broad region of visi· 
ble light (top spectrum 0/ bottom group) . 

The next spectrum, made after a hundred 
thousandth of a second, shows simultaneous· 
ly a bleaching of the dye, the bands of the 

phenol radiation and a broad absorption 
band due to the bleached dye. Later spec· 
lm show a return to the origiual condition. 

Both processes are diagrammed on page 141. 
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tance, that is being studied by flash 
photolysis is the light-fading of dyes. 
N. K. Bridge and his associates at the 
British Rayon Research Association have 
studied this complex process in the wide­
ly used anthraquinone dyes. In their first 
experiments they examined a more ele­
mentary system consisting of simple qui­
nones in organic solvents. Flash photol­
ysis bleaches the solutions temporarily, 
forming free radicals. 

These workers next discovered that 
the quinones that yield large amounts of 
relatively stable free radicals act as pho­
tosensitizers in such reactions as the oxi­
dation of ethyl alcohol. The anthraqui­
none dyes with the poorest resistance to 
light also catalyze the oxidation reaction; 
on photolysis they yield free radicals re­
sembling those of the simple quinones. 
These results are beginning to show 
what type of molecule is most sensitive 
to fading, and to suggest the changes 
that can produce light-fast colors. 

An interesting solid-state phenomenon 
that my colleagues and I have recently 
looked into is the "color centers" in crys­
tals. When a crystal of potassium chlo­
ride, for example, is subjected to X-rays, 
it turns a deep purple. The color comes 
from so-called F -centers-si tes in the 
crystal where a negative ion has been 
replaced by an electron [see illustration 
at left J. Exposing a colored crystal to a 
flash of visible light bleaches the crystal 
by emptying some of the F -centers and 
transferring their electrons to others, 
which contain two electrons and are 
known as F'-centers. The material now 
slowly returns to its former equilibrium 
state. Our experiments have clarified 
some of the details of these electronic 
shifts. 

Examples could be multiplied almost 
indefinitely, but we shall consider just 
one more: the investigation of an old 
discovery that has been exploited for 
years without being understood. This is 
the action of tetraethyl lead in prevent­
ing gasoline-engine knock. At the Uni-

"COLOR CENTERS" in a crystal of potas· 
sium chloride are altered by light of dif· 
ferent colors. A crystal irradiated with 
X·rays tnrns purple because of the forma· 

tion of "F'centers," where electrons occupy 
positions in the crystal lattice normally 
filled by chloride ions (top) . A flash of 
green light converts these centers to F'· 

centers, containing two electrons (bottom); 
a flash of red light reverses the process. 
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versity of Cambridge, Norrish and 
K. H. L. Ehard used acetylene as a sim­
ple model of the complex collection of 
hydrocarbons in gasoline. They mixed it 
with oxygen and added a small amount 
of the compound pentyl nitrite as a pho­
tosensitizer. A bright flash ignited the 
mixture, which, after 20 millionths of a 
second, gave out a series of intense bursts 
of light. These were caused by the im­
pact of shock waves on the walls of the 
container. The waves demonstrated that 
the fuel was not burning evenly but was 
undergoing the explosive detonations 
responsible for knock. Adding tetraethyl 
lead lengthened the interval between 
flash and detonation and weakened the 
detonation itself. Examining the mix­
ture spectroscopically, the investigators 
found that tetraethyl lead delays the ap­
pearance of the hydroxyl (OH) free 
radical, one of the chief initiators of the 
explosive chain reaction. It does so by 
capturing the oxygen that would other­
wise form OH. As lead oxide it then 
reacts with other radicals, slowing com­
bustion still further. 

T he basic techniques of flash photol-
ysis are also finding related applica­

tions. L. S. Nelson and his associates at 
Bell Telephone Laboratories have de­
composed solid materials by irradiating 
them with especially intense flashes. A 
clear piece of polyethylene plastic thus 
treated explodes with a loud report. The 
effect is due to small particles of impuri­
ties which the flash rapidly heats to 
about 2,000 degrees centigrade. In other 
experiments light flashes have vaporized 
tungsten lamp filaments and carbonized 
mineral oil. This technique is a promis­
ing means of studying thermal decompo­
sition, since it requires only about a 
thousandth of a second to achieve high 
temperatures, as compared to several 
seconds with ordinary methods. 

Perhaps the most serious limitation of 
flash photolysis is that the initial flash 
lasts longer than the lifetime of the ex­
cited singlet state, and therefore blots it 
out. It now appears that the difficulty is 
only temporary. Eugene Rabinowitch 
and S. Steven Brody at the Univer­
sity of Illinois have developed a lamp 
w hose flash lasts only a billionth of a 
second. With it they have measured ex­
cited singlet lifetimes in chlorophyll and 
in several dyes. In its present version the 
lamp is too weak for most photochemical 
experiments, but it will no doubt be im­
proved. We can safely predict that this 
and other developments will make possi­
ble the study of the very fastest chemical 
reactions. 

worth a thousand words ... 
Let your students see science in action 

for themselves with these laboratory-proved 

educational instruments by 

Bausch & Lomb. They'll understand 

better, faster-be eager 

to learn more. 

'. � e. B&L STANDARD TEACHING' MICROSCOPES. Stan:': 
size and operation; sturdy, precision construction at school budget 

prices. e B&L STEREOZOOM* MICROSCOPES with continu­

ously variable or fixed magnification. Colorful, erect 3-D images 

give new life to any subject. t B&L MACROSCOPES* are ideal 

for gross studies, field trips, dissection. Easy focus, large field of 

view with 10 X, 20 X, or 40 X magnification. !O

TRI_SIMPLEX* 

MICRO-PROJECTOR prepares students for individual microscope 

study. Projects slides or live specimens to wall screens or to table-

top for tracing .. 
:, 

BALOPTICON* PROJECTORS give big, 

bright, lasting views of slides, opaque objects, even chemical reac­

tions. r B&L SPECTROSCOPES. Basic chemical analysis tools; 

show spectra of elements. STUDENT-PROOF construction of all 

instruments gives years of service at a cost to fit any school budget. 

WRITE for Catalog E-152; demonstration on request. No obligation, 

of course. Bausch & Lomb Optical Company, 75805 Bausch Street, 

Rochester 2, New York. BAUSCH & LOMB "NeeV"" 
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THERMOSET EPOXY RESIN 

LA YERS OF GLASS FIBER 

GLASS-SMOOTH INTERIOR 

EPOXY RESIN AND GLASS FIBERS c o mbi n e d  in a hig h-speed cen­

trif u g al castin g  o p e ration. Hig h qu ality c o m p o n ents p rocessed u n d er rigid qu ality 

c o ntrols bri n g  to i n d u stry a u niqu e  a n d  efficient n o n-m etallic pipe. 

"Impossible" corrosion, temperature 
and pressure problems solved by 
Fibercast® epoxy pipe 
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• Operating temperature range wider than any 

non-metallic pipe (-650 to 3000 F.) 

• Operating pressure range extends to 1000 psi. 

• Effectively combats corrosion, contamination, 

abrasion, scaling, electrolytic action. 

Fibercast Tubi n g  (rig ht) u s e d  to suspend 

a 1,200 lb. p u m p  for 3 years in a salt  water 

s u p p l y  well. There was no loss in strength. 
The d a maged plastic-coated steel nipple (.I eft) 

was u s e d  in the same in stallation, failed after 

3 m o n t h s '  service. 

WHAT is Fibercast? 
lt is a centrifugally cast, thermoset, 

epoxy resin reinforced pipe that han­
dles temperature and pressure prob­
lems where no other non-metallic pipe 
will do. 

lts body of woven glass fibers pro­
vides resistance to high tension forces. 
These fibers, combined by adhesion, 
are imbedded and bonded by heat in 
epoxy resin. The result is a strong, 
long-lasting pipe with remarkable 
ability to withstand high pressure and 

temperature in corrosive environ­
ments. 

WHY use Fibercast? 
For a multitude of reasons. Be­

cause its advantages range from supe­
rior resistance to heat, pressure and 
corrosion, to its ease of handling, light 
weight, dielectric properties and struc­
tural stability. Because Fibercast's 
long service life alone would justify 
choosing it over other materials. Be­
cause even more expensive metal pipe 
or pipe with thermo-plastic interior 
coatings cannot match Fibercast's 
proven durability. Case histories and 
accurate testing have proved over and 
over that Fibercast performs better, 
lasts longer, costs less. Out of 338  
common corrosive solutions, Fiber­
cast competently handles 320. And 
naturally, Fibercast's unique and last­
ing qualities under such conditions 
mean that it drastically reduces main­
tenance and replacement costs, too. 

Although Fibercast's light weight 
makes it correspondingly easy to work 
with (it is less than 25% the weight of 
steel), it has the same basic linear 
coefficient of expansion as steel (7.06 

COMPARATIVE LIFE DATA' 
FIBERCAST, 
GRADE J 1.00 

ALUMINUM .26 

BRASS (RED) .74 

RUBBER HOSE .210 

STEEL .311 
(Stainless 304-40) 
ASBESTOS .237 
(Cement-C-IOO) 

*Bas;ng Fibercast as unit life of 1 and others as compar­

ative percentages thereof. 

X 10-6 to 8.25 x 10-6 in. jin.;oF.). 
Fibercast's strength permits installa­
tion on pipe racks with span lengths 
generally used for metal pipe. 

The pipe has a smooth interior, 
with a Hazen-Williams C Flow Fac­
tor of 147. This cuts friction losses, 
aids flow and tends to resist build-up. 
It is a non-conductor (accepted by 
the electrical industry as a superior 
insulator), and is not subject to cold 
flow. A low coefficient of heat trans­
fer (3.0 xl 0-3 Cal jCM2 jsec jCM°C.), 
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minimizes heat loss and may even 
eliminate heat tracing. 

All three major systems of joining 
all pipe are used with equal success on 
Fibercast. They are : standard flanged, 
cemented, and threaded and coupled 

with a complete selection of Fibercast 
fittings (the world's largest line of cor­
rosion-resistant epoxy pipe fittings). 

Safety, too, is an important reason 
for using Fibercast Pipe in transport­
ing dangerous chemicals, particularly 
in areas where the pipe is adjacent to 
personnel. Most piping materials cor­
rode undetectably from inside-to-out 
and can suddenly burst without warn­
ing, inflicting injury to personnel .  Be­
cause of Fibercast's woven glass fiber 
construction, such occurrences, if  
they ever occur, are detectable in min­
ute, repairable leaks. 

WHO uses Fibercast? 
The petroleum industry . . .  chemi-

cal . . .  petro-chemical . . .  nuclear 
energy . . .  textile . . .  paper . . .  and 
food-processing industries . . .  count-
less operations handling acids, alka­
lies, sal t  water and other corrosive 
liquids under pressure can al l use 
Fibercast profitably. 

In oil country, Fibercast is al ready 

Workman is p a i n t i n g  a secti o n  of Fi bercast 

Pipe b e a r i n g  32% HCI at  S h e l l ' s  Texas 

C h e m i c a l  plant.  N ote that F i bercast has 

s u ffi c i e n t  stre n g t h  for  i n stal lati o n  o n  s p a n  

racks w i t h  t h e  s p a c i n g  n o r m a l l y  u s ed f o r  

m etal p i p e s .  

widely acclaimed for superior per­
formance in rugged, abusive and even 
h igh pressure instal lat ions l ike salt 
water disposal wel ls and horizontal 
lines. In cases where other pipe and 
tubing required replacement after just 
a few weeks of service, Fibercast is 
sti l l  performing efficiently after many 
years. 

In petro-chemical and chemical­
processing plants, Fibercast is  valued 

FI BERCASI 
C O M P A N Y  

1. Smooth interior with Q Hazen�Williams C Flow Factor- 1 47 ____ --. 
2. Multiple layer glass .. h,fo,<om' ent--________ � 

3. Epoxy coating seal 

4. Molded threads -------� 

8 Points of Fibercast Superiority 

not only for high heat and corrosion 
resistance, but also for its remarkable 
maintenance of the purity of the solu­
tions it is required to carry. Such in­
stallations range from Fibercast pipes 
which carry 37% hydrochloric acid 
at ambient temperatures to l ines carry­
ing solutions containing brine, alum, 
and other sulphates, sulphuric and 
phosphoric acids, and other damag­
ing chemicals. 

Food-processing industries, among 
the most demanding of all industries 
in purity, corrosion and heat stand­
ards of operation, know the long-term 
benefits of using Fibercast. Fibercast 
is especial ly effective in the processing 
of foods requiring use of sulphuric 
and phosphoric acids (such as corn 
syrup, starches, gelatins), as well as 
brines and other highly corrosive 
acids and solutions. 

The operating conditions peculiar 
to the man-made textile and paper 
processing plants are also improved 
by the use of Fibercast Pipe and Fit­
tings. The ever-growing demands of 
all industry . . •  the rigid quality con­
trols imposed by governmental and 
other agencies . • .  the unique and often 
unsolved needs of new processes and 
methods . . .  all of these factors help 
to create "impossible" problems that 
can be solved by the use of Fibercast. 

C o m p l ete L i n e  of Fitt i n g s  
Fibercast provides fittings to  solve 

any fitting problem. Besides a vast 
stock of standard sizes and types, 
Fibercast also designs and makes spe-

S H E ET A N D  T U B E  COMPANY 

cial fittings to meet individual require­
ments. Al l, of course, have the same 
corrosion, pressure and heat resist­
ance properties of Fibercast Pipe and 
Tubing. A few of the regularly stocked 
types are shown in the line drawings 
below 

If you have an "impossible" corro­
sion, temperature, or pressure prob­
lem, consider the advantages of using 
Fibercast. To receive a free sample 
of Fibercast, and to get specific in­
formation about how Fibercast can 
help you, mail the coupon below. 

I�����;����;-----�--
I 

BOX 727 , Sand Spri n g s ,  O klahoma 

I Please send me further information 
I about Fibercast Tube and Pipe. SA-SA 
I Name _______________ _ 

I 
I Title _______________ _ I Fi'ml _______________ _ 

I Type of Bus iness' ____________ _ 

I I Add'ess' ______________ _ 

I City 5tate' ____ _ 

I 
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HOW ANIMALS RUN 

Many animals, both predators and prey, have evolved the ability 

to run two or three tinles faster than a man can. What are the 

adaptations that make these impressive performances possible? 

A
man (but not necessarily you or 
I!) can run 220 yards at the rate of 
22.3 miles per hour, and a mile at 

15.1 miles per hour. The cheetah, how­
ever, can sprint at an estimated 70 miles 
per hour. And the horse has been known 
to maintain a speed of 15 miles per hour 
not just for one mile but for 35 miles. 

Other animals are capable of spectac­
ular demonstrations of speed and endur­
ance. Jack rabbits have been clocked at 
40 miles per hour. The Mongolian ass is 
reported to have run 16 miles at the im­
pressive rate of 30 miles per hour. Ante-
lopes apparently enjoy running beside a 
moving vehicle; they have been reliably 
timed at 60 miles per hour. The camel 
has been known to travel 115 miles in 12 
hours. Nearly all carnivorous mammals 
are good runners: the whippet can run 
34 miles per hour; the coyote, 43 miles 
per hour; the red fox, 45 miles per hour. 
One red fox, running before hounds, 
covered 150 miles in a day and a half. A 
fox terrier rewarded with candy turned 
a treadmill at the rate of 5,000 feet per 
hour for 17 hours. 

I have been attracted by such per­
formances as these to undertake an in­
vestigation of how the living running­
machine works. The subject has not been 
thoroughly explored. One study was un­
dertaken by the American photographer 
Eadweard Muybridge in 1872. Working 
before the motion-picture camera was 
invented, Muybridge set up a battery of 
still cameras to make photographs in 
rapid sequence. His pictures' are still 
standard references. A. Brazier Howell's 
work on speed in mammals and Sir James 
Gray's studies on posture and movement 
are well known to zoologists. Many in­
vestigators have added to our knowledge 
of the anatomy of running vertebrates, 

by Milton Hildebrand 

from skeletons and muscles. The move-
ments of the running animal are so fast 
and so complex that they cannot be 
analyzed by the unaided eye. 

In my study I have related compara­
tive anatomy to the analysis of motion 
pictures of animals in action. The meth­
od is simple: Successive frames of the 
motion picture are projected onto trac­
ing paper, where the movements of the 
parts of the body with respect to one 
another and to the ground can be ana-

Iyzed. The main problem is to get pic­
tures from the side of animals running 
at top speed over open ground. With 
an electric camera that exposes 200 
frames per second I have succeeded in 
photographing the movements of a chee­
tah that had been trained by John Ham­
let of Ocala, Fla. , to chase a paper bag 
in an enclosure 65 yards long. However, 
the animal never demonstrated its top 
speed, but merely loped along at about 
35 miles per hour. I have used the same 

but the analysis of function has for the STRIDE OF A CANTERING HORSE is shown in these photographs from Eadweard Muy­
most part been limited to deductions bridge's The Horse in Motion, published in 1878. The sequence runs right to left across the 
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camera to make pictures of horses run­
ning on race tracks, and I am presently 
collecting motion-picture sequences of 
other running animals from commercial 
and private sources. 

�l cursorial animals (those that can 
run far, fast and easily) have 

evolved from good walkers, and in doing 
so have gained important selective ad­
vantages. They are able to forage over 
wide areas. A pack of African hunting 
dogs, for example, can range over 1,500 
square miles; the American mountain 
lion works a circuit some 100 miles long; 
individual arctic foxes have on occasion 
wandered 800 miles. Cursorial animals 
can seek new sources of food and water 
when their usual supplies fail. The camel 
moves from oasis to oasis, and in years 
of drought the big-game animals of Af­
rica travel impressive distances. The mo­
bility of cursorial animals enables them 
to overcome seasonal variations in cli­
mate or in food supply. Some herds of 
caribou migrate 1,600 miles each year. 
According to their habit, the predators 
among the cursorial animals exploit su­
perior speed, relay tactics, relentless en­
durance or surprise to overtake their 
prey. The prey species are commonly as 

swift as their pursuers, but sometimes 
they have superior endurance or agility. 

Speed and endurance are the capaci­
ties that characterize all cursorial verte­
brates. But one could not make a defini­
tive list of the cursorial species without 
deciding quite arbitrarily how fast is fast 
and how far is far. Even then the list 
would be incomplete, because there are 
reliable data on speed for only a few 
animals; in most cases authors quote au­
thors who cite the guesses of laymen. 
Many cursors are extinct. On the basis 
of fossils, however, we can surmise that 
many dinosaurs were excellent runners; 
that some extinct rhinoceroses, having 
had long and slender legs, were very fast; 
and that certain extinct South American 
grazing animals, having evolved a horse­
like form, probably had horselike speed. 

In order to run, an animal must over­
come the inertia of its body and set it 
into motion; it must overcome the inertia 
of its legs with every reversal in the di­
rection of their travel; it must compen­
sate for forces of deceleration, including 
the action of the ground against its de­
scending feet. A full cycle of motion is 
called a stride. Speed is the product of 
length of stride times rate of stride. The 
giraffe achieves a moderate speed with 

a long stride and a slow rate of stride; 
the wart hog matches this speed with a 
short stride and a rapid rate. High speed 
requires that long strides be taken at a 
rapid rate, and endurance requires that 
speed be sustained with economy of 
effort. 

Although longer legs take longer 
strides, speed is not increased simply by 
the enlargement of the animal. A larger 
animal is likely to have a lower rate of 
stride. Natural selection produced fast 
runners by making their legs long in re­
lation to other parts of the body. In 
cursorial animals the effective length of 
the leg-the part that contributes to 
length of stride-is especially enhanced. 
The segments of the leg that are away 
from the body (the foot, shank and fore­
arm) are elongated with respect to the 
segments close to the body (the thigh 
and upper arm). In this evolutionary 
lengthening process the bones equiva­
lent to the human palm and instep have 
become the most elongated. 

Man's foot does not contribute to the 
length of his leg, except when he rises 
on his toes. The bear, the opossum, the 
raccoon and most other vertebrates that 
walk but seldom run have similar planti­
grade ("sole-walking") feet. Carnivo-

J 

top row and continues across the bottom row. With these and 

similar photographs Muybddge settled the controversy of whether 

or not a horse "even at the height of his speed (hasl all four of 

his feet .. . simultaneously free from contact with the ground." 
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IOUS mammals, birds, running dinosaurs 
and some extinct hoofed mammals, on 
the other hand, stand on what corre­
sponds to the ball of the human foot; 
these animals have digitigrade ("finger­
walking") feet. Other hoofed mammals 
owe an even further increase in the ef­
fective length of their legs to their un­
guligrade ("hoof-walking") posture, re­
sembling that of a ballet dancer standing 
on the tips of her toes. Where foot pos­
ture and limb proportions have been 
modified for the cursorial habit, the in­
creased length and slenderness of the 
leg is striking [see illustration on page 
155]. 

T he effective length of the front limb 
of many runners is also increased by 

the modification of the structure and 
function of the shoulder. The shoulder 
joint of amphibians, reptiles and birds is 
virtually immobilized by the collarbone, 
which runs from the breast bone to each 
shoulder blade, and by a second bone, 

FIRST HIND 

I 

r lRST HIND 

I, ! I 

TIME (SECONDS) 

the coracoid bone. Because mammals do 
not have a coracoid bone their shoulder 
blade has some freedom of movement. 
In the carnivores this freedom is in­
creased by the reduction of the collar­
bone to a vestige; in the ungulates the 
collarbone is eliminated. In both carni­
vores and ungulates the shoulder blade 
is oriented so that it lies against the side 
of a narrow but deep chest rather than 
against the back of a broad but shallow 
chest, as it does in man. Thus mounted, 
the shoulder blade pivots from a point 
about midway in its length, and the 
shoulder joint at its lower end is free 
to move forward and backward with the 
swing of the leg. The exact motion is ex­
ceedingly difficult to ascertain in a run­
ning animal, but I have found that it 
adds about 4.5 inches to the stride of the 
walking cheetah. 

The supple spine of the cat and the 
dog increases the length of stride of 
these animals still further. The body of 
such an animal is several inches longer 

.1 

when the back is extended than when 
it is flexed. By extending and flexing its 
back as its legs swing back and forth the 
animal adds the increase in its body 
length to its stride. Timing is important 
in this maneuver. If the animal were to 
extend its back while its body was in 
mid-air, its hindquarters would move 
backward as its forequarters moved for­
ward, with no net addition to the for­
ward motion of the center of mass of its 
body. In actuality the running animal 
extends its back only when its hind feet 
are pushing against the ground. The 
cheetah executes this maneuver so adept­
ly that it could run about six miles per 
hour without any legs. 

With the extra rotation of its hip and 
shoulder girdles and the measuring­
worm action of its back, the legs of the 
running cursor swing through longer 
arcs, reaching out farther forward and 
backward and striking and leaving the 
ground at a more acute angle than they 
would if the back were rigid. This clear-

SECOND FRONT 

I 

FIRST FRONT 

I 
.2 

STRIDES OF THE CHEETAH AND THE HORSE in full gallop 

nre contrasted in these illustrations. The sequence and duration of 

their footfalls, indicated by the horizontal lines under each animal, 

relate to the time·scale at bottom, which is calibrated in lOths of a 

second. The cheetah has two unsupported periods, which account 

for about half its stride; the horse has one unsupported period, 
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ly increases stride length, but it also ag­
gravates a problem. The body of the 
animal tends to rise when its shoulders 
and hips pass over its feet, and tends 
to fall when its feet extend to the front 
or rear. Carnivores offset this bobbing 
motion by flexing their ankles and wrists, 
thus shortening their legs. Ungulates do 
the same by sharply flexing the fetlock 
joint at the moment that the body passes 
over the vertical leg. The cheetah, a 
long-striding back-flexer, supplements 
its wrist-flexing by slipping its shoulder 
blade up its ribs about an inch, and thus 
achieves a smooth forward motion. 

Since running is in actuality a series 
of jumps, the length of the jump must 
be reckoned as another important incre­
ment in the length of the stride. Hoofed 
runners have one major unsupported pe­
riod, or jump, in each stride: when the 
legs are gathered beneath the body. The 
galloping carnivore has two major un­
supported periods: when the back is 
flexed, and again when it is extended. In 

ONE STRIDE 

:OND FRONT 

.3 

the horse all of these anatomical and 
functional adaptations combine to pro­
duce a 23-foot stride. The cheetah, al­
though smaller, has a stride of the same 
length. 

Fast runners must take their long 
strides rapidly. The race horse com­

pletes about 2.5 strides per second and 
the cheetah at least 3.5. It is plain that 
the higher the rate of stride, the faster 
the runner must contract its muscles. 
One might infer that cursorial animals 
as a group would have evolved the abil­
ity to contract their muscles faster than 
other animals. Within limits that is true, 
but there is a general principle limiting 
the rate at which a muscle can contract. 
Assuming a constant load on the muscle 
fibers, the rate of contraction varies in­
versely with any of the muscle's linear 
dimensions; the larger muscle therefore 
contracts more slowly. That is why an 
animal with a larger body has a slow­
er rate of stride and so loses the ad-

vantage of its longer length of stride. 
The familiar mechanical principle of 

gear ratio underlies the fast runner's 
more effective use of its trim muscula­
ture. In the linkage of muscle and bone 
the gear ratio is equal to the distance 
between the pivot of the motion (the 
shoulder joint, for example) and the 
point at which the motion is applied 
( the foot) divided by the perpendicular 
distance between the pivot and the point 
at which the muscle is attached to the 
bone. Cursorial animals not only have 
longer legs; their actuating muscles are 
also attached to the bone closer to the 
pivot of motion. Their high-gear mus­
cles, in other words, have short lever­
anns, and this increases the gear ratio 
still further. In comparison, the anatomy 
of walking animals gives them consider­
ably lower gear-ratios; digging and 
swimming animals have still lower gear 
ratios. 

But while high gears enable an auto­
mobile to reach higher speed, they do 

ONE STRIDE 

which accounts for about a quarter of its stride. Although both 

the cheetah and the horse cover about 23 feet per stride, tbe cheetah 

attains speeds on the order of 70 miles pel' hour, to the horse's 43, 

because it takes about 3.5 strides to the horse's 2.5. The size oj 

the horse has been reduced disproportionately in these drawing, 

for the sake of uniformity in the stride·lines and time·scale. 
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SWIVELING SHOULDER BLADES of the horse and the cheetah 

add several inches to their stride length. The faster cheetah gains a 

fnrther advantage from the Aexibility of the spine, which in addi· 

SPRINGING LIGAMENTS in the legs of horses, shown here, and 

other hoofed runners reduce the need for heavy muscles. Impact 

of the foot against the ground (left) bends the fetlock joint (mid· 
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tion to adding the length of its extension to the animal's stride, adds 

the speed of its extension to the velocity of its travel. Horse's 

relatively longer leg partially compensates for its rigid spine. 

clle) and stretches an elastic ligament (shown in color) that snaps 

back when the foot leaves the ground (right). The springing action 

at once straightens the foot and gives the leg an upward impetus. 
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so at the expense of power. The curso­
rial animal pays a similar price, but the 
exchange is a good one for several rea­
sons. Running animals do not need great 
power: air does not offer much resistance 
even when they are moving at top speed. 
Moreover, as the English investigators 
J. M. Smith and R. J. G. Savage have 
noted, the animal retains some relatively 
low-gear muscles. Probably the runner 
uses its low-gear muscles for slow mo­
tions, and then shifts to its high-gear 
muscles to increase speed. 

Since the speed at which a muscle 
can contract is limited, the velocity of 
the action it controls must be corre­
spondingly limited, even though the 
muscle speed is amplified by an opti­
mum gear-ratio. A larger muscle, or 
additional muscles, applied to action 
around the same joint can produce in­
creased power but not greater speed. 
Several men together can lift a greater 
weight than one can lift alone, but sev­
eral equally skilled sprinters cannot run 
faster together than one of them alone. 
The speed of a leg can be increased, 
however, if different muscles simultane­
ously move different joints of the leg in 
the same direction. The total motion 
they produce, which is represented by 
the motion of the foot, will then be 
greater than the motion produced by 
any one muscle working alone. Just as 
the total speed of a man walking up an 
escalator is the sum of his own speed 
plus that of the escalator, so the inde­
pendent velocities of each segment of 
the leg combine additively to produce a 
higher total velocity. 

The trick is to move as many joints 
as possible in the same direction at the 
same time. The evolution of the cursorial 
body has produced just this effect. By 
abandoning the flat-footed plantigrade 
posture in favor of a digitigrade or un­
guligrade one, the cursorial leg acquired 
an extra limb-joint. In effect it gained 
still another through the altered func­
tioning of the shoulder blade. The flexi­
ble back of the cursorial carnivore adds 
yet another motion to the compound mo­
tion of its legs; the back flexes in such a 
way that the chest and pelvis are always 
rotating in the direction of the swinging 
limbs. 

The supple spine of the carnivore 
contributes to stride rate by speeding 
up the motion of its body as well as of 
its legs. The spine is flexed when the 
runner's first hind foot strikes the ground, 
and by the time its second hind foot 
leaves the ground the animal has ex­
tended its spine and thus lengthened its 
body. In the brief interval when its hind 

3 4 

ANCESTRAL 
MAMMAL 

3 

3 

HORSE 

5 

4 3 

MODERN CURSORIAL FOOT EVOLVED from the broad, five.digited foot of an an· 

cestral mammal (top). Lateral digits were lost and metatarsal bones, the longest in the foot, 

were further elongated. Resultant foot is lighter and longer. Pudu is a deer of the Andes. 
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A plastic that blasts holes 
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in ITletal 
Experimentation in THIOKOL labora­
tories constantly widens military and 
industrial horizons of polymer chem­
istry • • •  offers challenging opportu­
nities to chemists intrigued with this 
area of research. 

Who but THIOKOL, originator and 
first producer of the wonder chemical 
- liquid polysulfide polymer - should 
find greater interest in the newest 
family of polymers, the urethanes. 

One of the many intriguing ure­
thane applica tions dev e l o p e d  by 
THioKOL scientists is molding a new 
kind of shaped charge which will cut 
holes in steel plate of up to 1" thick­
ness in a matter of microseconds. 

In this application, an explosive 
charge is set in a urethane casting. 
Once ignited, the force of the explo­
sion is directed along a sharp line­
a line of fire that blasts right through 
metal. Shaped charges for producing 
circular holes, stmight lines or other 
forms can be made from urethane 
castings. The resultant cut will be ac­
curate to within plus 01' minus .002". 
Currently, shaped charges are being 
used to cut port vents in rocket cas­
ings. 

Improving urethane compositions 
and finding new utility for them-both 
military and industrial-is one job of 
THIOKOL chemical research teams. 

Imaginative chemists with the 
desire to explore new and uncharted 
avenues will find challenging assign­
ments - and commensurate rewards­
at THIOKOL. We are interested in sci­
entists with experience, or academic 
accomplishments in: 

Formulation and Physical Testing of 
Polymers • Organic and Inorganic 
Chemistry • Organometallics • Metal 
Hydrides Synthesis • High Vacuum 
Techniques • Propellant Analysis 
and Formulation • Combustion Proc­
esses • Fast Reaction Kinetics · Fluo­
rine Synthesis • Many other areas of 
fundamental and advanced research. 

Many doors are open at THIOKOL. For 
full information, contact Personnel 
Directo1' at any plant address below. 

CHEMICAL CORPORATION 
Bristol, Pennsylvania 

Other Plants in: TRENTON, NEW JERSEY; DENVILLE, 

NEW JERSEY; MOSS POINT, MISSISSIPPI; ELKTON, 

MARYLAND; MARSHAL L ,  TEXAS; HUNTSVILLE, 

ALABAMA; BRIGHAM CITY, UTAH. 

®Registered trademark of the Thiokot Chemical Corporation for its 
rocket propellants,liquid polymers, plasticizers, and other chemical 

products. 

feet are planted, the forequarters, riding 
on- the extending spine, move farther 
and faster than the hindquarters. Simi­
larly when the front feet are on the 
ground, the hindquarters move faster 
than the forequarters. So although the 
speed that the driving legs can impart 
to the forequarters or hindquarters is 
limited by their rate of oscillation, the 
body as a whole is able to exceed that 
limit. In a sense the animal moves faster 
than it runs. For the cheetah the ad­
vantage amounts to about two miles per 
hour-enough to add the margin of suc­
cess in a close chase. 

In addition to the obvious tasks of 
propelling the animal's body and sup­
porting its weight, the locomotor mus-

cles mllst raise the body to compensate 
for the falling that occurs during the un­
supported phases of the stride. The load 
they must raise is proportional to the 
mass of the body, which is in turn pro­
portional to the cube of any of its linear 
dimensions. A twofold increase in body 
length thus increases weight eightfold. 
The force that a muscle can exert, on the 
other hand, increases only as the square 
of its cross section. Thus against an 
eightfold increase of load, bigger mus­
cles can bring only a fourfold increase of 
force. As body size increases, the capac­
ity of the muscles to put the body in for­
ward motion and to cause its legs to os­
cillate cannot quite keep up with the 
demands placed upon them. These fac-

ADAPTATION OF THE LEG FOR SPEED is illustrated by the hind·leg bone of the slow 

badger (left), moderately fast dog (middle) and highly adapted deer (right). The length. 

ened metatarsus of the latter two has yielded a longer foot and an altered ankle posture that 

is better suited to rW1l1ing. The thigh bones of all three animals have been drawn to the 

same scale to show that the leg segments farthest from the body have elongated the most. 
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tors in the nature of muscle explain why 
the largest animals can neither gallop 
nor jump, why small runners such as 
rabbits and foxes can travel as fast as 
race horses without having marked struc­
tural adaptations for speed and why the 
larger cursorial animals must be highly 
adapted in order to run at all. 

I f the bigger runners are to have en­
durance as well as speed, they must 

have not only those adaptations that in­
crease the length and rate of their stride, 

I 

/ 
/ 

I 

I 

but also adaptations that reduce the load 
on their locomotor structures and econo­
mize the effort of motion. In satisfying 
this requirement natural selection pro­
duced a number of large and fast runners 
that are able to travel for long distances 
at somewhat less than their maximum 
speed. In these animals the mass of the 
limbs is minimized. The muscles that in 
other animals draw the limbs toward or 
away from the midline of the body (the 
"hand-clapping" muscles in man) are 
smaller or adapted to moving the legs 

in the direction of travel, and the mus­
cles that manipulate the digits or rotate 
the forealID have disappeared. The ulna 
in the forearm and the fibula in the shank 
-bones involved in these former mo­
tions-are reduced in size. The ulna is re­
tained at the point where it completes 
the elbow joint, but elsewhere becomes 
a sliver fused to its neighbor; the fibula 
is sometimes represented only by a nub­
bin of bone at the ankle. 

The shape of the cursorial limb em­
bodies another load-reducing principle. 

POWER AND SPEED are alternatively achieved in the badger 

(left) and the cheetah (middle) by placement of the teres major 

muscle. In the cheetah the small distance (b) between the muscle 

insertion and the joint it moves yields a higher rate of oscillation 

than in the badger, in which the distance (a) is greater. The higher 

oscillation rate, coupled with a longer leg (l), yields a faster stride. 

In the vicuna (right) the gluteus muscle (c) develops about five 

times the velocity but only a fifth the force of the larger semimem­

branosus muscle (d). The animal may use the latter to overcome 

inertia; the former, for high speed. Legs are not in same scale. 
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Since the kinetic energy that must be 
alternately developed and overcome in 
oscillating the limb is equal to half the 
mass times the square of its velocity, the 
load on muscles causing such motions 
can be reduced not only by reducing the 
mass of the faster-moving parts of the 
limb but also by reducing the velocity 
of the more massive parts. Accordingly 
the fleshy parts of the limb are those 
close to the body, where they do not 
move so far, and hence not so fast, as 
the more distant segments. The lower 
segments, having lost the muscles and 
bones involved in rotation and in digit 
manipulation, are relatively light. 

The rigor of design imposed by natu-
ral selection is especially eviden t in 

the feet of cursorial animals. The feet 
of other animals tend to be broad and 
pliable; the bones corresponding to 
those of the human palm and instep are 
rounded in cross section and well sepa­
rated. In the foot of the cursorial carni­
vore, on the other hand, these bones are 
crowded into a compact unit, each bone 
having a somewhat square cross section. 
In the ungulates the ratio of strength to 
weight has been improved still further 
by reduction of the number of bones in 
the foot. The ungulates have tended to 
lose their lateral toes; sometimes the 
basal elements of the other toes are fused 
into a single bone. This process gave rise 
to the cannon bone: the shank of the 
hoofed mammals [see illustmtion on 
page 153]. In compensation for the brac­
ing lost as the bones and muscles of their 
lower limbs were reduced or eliminated, 
these animals evolved joints that are 
modified to function as hinges and allow 
motion only in the line of travel. 

The burden on the muscles of hoofed 
animals is relieved by an especially ele­
gant mechanism built into the foot. 
When the hoof of the running animal 
strikes the ground, the impact bends the 
fetlock joint and stretches certain long 
ligaments called the suspensory or 
springing ligaments [see bottom illustm­
tion on page 152]. Because the ligaments 
are elastic, they snap back as the foot 
leaves the ground, thereby straightening 
the joint and giving the leg an upward 
push. Charles L. Camp of the Univer­
sity of California has found that these 
built-in pogo-sticks evolved from foot 
muscles at the time that the animals for­
sook river valleys for the open plains. 
The exchange was advantageous, for by 
means of this and the other adaptations, 
nature has reconciled the limitations 
of muscle mechanics with the exacting 
requirements of speed. 

Metals made to 
run red-hot 
inside a vacuum 

Electronics engineers of 30 years ago had 
scarcely stopped exulting over the ad­
vantages of electron tubes with indirectly 
heated cathodes before they began to 
demand improvements. 

First they wanted longer tube life. Then 
they wanted greater uniformity of per­
formance. And later on they wanted 
such new features as greater resistance to 
shock and greater ability to endure over­
voltage abuse. 

Most of these problems landed on the 
doorstep of Superior Tube Company. Be­
cause from the beginning Superior has 
been the world's leading independent 
maker of cathodes for electron tubes. 
And tube designers knew that the per­
formance of tubes hinged heavily on 
the cathodes. 

To insure uniform performance, Superior 
developed machines that would con­
sistently turn out these tiny metal parts 
in the wide variety of needed sizes and 
shapes to tolerances of less than a 
thousandth of an inch. Then a rigid 
quality-control system further insured 
the dimensional accuracy of the finished 
product. 

The development of cathode alloys took 
on the character of a trip behind the 
looking-glass into an area of metallurgy 
that had never been explored before. 
Superior Tube engineers led the way. 

Early cathodes were made of ordinary 
commercial Grade A nickel. But impuri­
ties shortened cathode life. Superior in­
vestigated the performance of high­
purity nickel and nickel alloys with 
varying amounts of desired activating 
elements. The metallurgy of cathodes, it 
was discovered, is a delicate balance be­
tween alloy composition and operating 
conditions. 

The presence of magnesium or silicon, 
for example, is desirable in cathodes for 
certain types of tubes-undesirable in 

others. Within the metal itself, certain 
low-percentage constituents move slowly 
to the surface, sometimes subliming off 
and sometimes depositing harmfully on 
other parts of the tube. 

Superior Tube engineers tried substi­
tuting aluminum for silicon as an acti­
vating element in the nickel alloy. They 
discovered it provided the needed reduc­
tion of the barium oxide on the cathode 
coating without the interface impedance 
to which silicon is prone. 

When a cathode is at operating tem­
perature, it is red-hot and very close to 
the melting point of the metal. Hence it 
normally loses most of its strength. A 
severe jar or too much expansion could 
cause distortion. Again Superior engineers 
searched for improvement. They added 
tungsten to the alloy and discovered it 
actually doubled the hot strength of the 
metal. 

The various needs of different types of 
tubes has resulted in the development of 
some 10 or more different cathode alloys 
over the years. But Superior has long 
recognized the desirability of having 
fewer alloys, each with greater versatility. 
In this direction, Superior developed its 
Cathaloy® series-five alloys capable of 
covering virtually all needs, besides pro­
viding many new benefits. Cathaloy A-31, 
for example, was found to endure 25% 
heater overvoltages and still give long life. 

Recently Superior introduced cathode 
alloy X-3012,* which includes tungsten 
and zirconium to provide a combination 
of characteristics that makes it applicable 
in nearly any type of tube. 

At Superior, the search for new knowl­
edge about cathodes goes on still. All 
the knowledge we have is available to 
those who need it. Feel free to consult 
with Superior. Write Superior Tube 
Company, 2502 Germantown Ave., 
Norristown, Pa. 

*U.S, Pat. #2.833.647. Superior Tube Company 

S�e,.",';',..... $�e 
The big name in .mall tubing 

NORRISTOWN, PA. 
All analyses .010 in. to % in. OD-certain analyses in light walls lip to 2Yz ill. OD 

West Coast: Pacific Tube Company, Los Angeles, California 

FIRST STEEL TUBE MILL IN THE WEST 
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Following RCA's announcement of the nuvistor 
concept and subsequent announcement of the 
first commercial nuvistor type-the 7586 general­
purpose industrial triode-comes news that a 
nuvistor tetrode is now available to equipment 

. manufacturers on a limited sampling basis. This 
developmental smaJl-signal tetrode-RCA Dev. 
No. A-2654-promises to extend the horizons of 
the nuvistor concept far into the entertainment, 
industrial, and miiitary electronic fields. 

24r.D�E�VE�L�O=PM�E�N�T�AL�TE�T�R�OD�E�--'--,---r--'-I-' 
HEATER VOLTS = 6.3 

22 GRID-N22 VOLTS = 50 EC\� 

20 40 60 80 100 120 140 
PLATE VOLTS 

160 180 200 

Incorporating all the advantages of nuvistor 
design, this smaIl-signal general-purpose tetrode 
is Step 2 of a daring electron-tube-improvement 
program by RCA. Our developmental work in­
dicates that the nuvistor tetrode wiJI establish 
new high standards of tube performance for the 
electronics industry. 

Dynamic in Concept 
RCA had as its objective in the design of the 
nuvistor tetrode superior performance in many 
amplifier applications, particularly at the higher 
radio frequencies. The new tube is 1/3 the size 
of conventional rf-amplifier tetrodes, and con­
sumes approximately 'l2 the heater power. 

The nuvistor method of construction elim­
inates or minimizes many of the known causes 
of tube failure. Use of only ceramics and strong 
metals provides a structure of extreme rugged­
ness. Brazing of all connections in a hydrogen 
atmosphere at extremely high temperatures elim­
inates structural strain and element distortion. 
Exhaust and seal-off at very high temperatures 
minimizes gases and impurities from metal parts. 

Opening a New Era: 
"Nuvistorization" 

The nuvistor tetrode shows great promise for 
mixer, osciJIator-mixer, if-amplifier and low-level 
video-amplifier service. 

Application tests in laboratory circuits show 
that the nuvistor tetrode wiJI give top perform­
ance in industrial and military equipment. Out-

standing performance has been obtained in the 
mixer and if-amplifier stages of such .equipment. 

Nuvistor 
Developmental 

Small 
Signal 

Tetrode 
A�2654 

TYPICAL DATA 
ELECTRICAL: 

Heater, for Unipotential Cathode: 
Voltage (AC or DC) 
Cu"rrent . 

6.3±100/o 
0.165 

DIRECT INTERELECTRODE CAPACITANCES lappro •. l: 

Grid No.1 to plate. 
Grid No.1 to cathode heater, grid No. 

2, metal shell and internol snield 
Plote to cathode, heoter, grid No. 2, 

metal shell and internal shield. 
Heater to cathode . 

CHARACTERISTICS, CLASS A, AMPLIFIER: 

Plate Supply Voltage. 
Grid No.2 (Screen-Grid) Voltage. 
Cathode Resistor 
Plate Resistonce (approx.) . 
Transconductance. 
Plate Current. 
Grid-No.2 Current ... .... . 
Grid-No.1 Voltage (opprox.) for plate 

current of 1 0 �a . 

0.01 

6.0 

1.4 
1.4 

125 
50 

68 
0.2 

10,400 
9.6 
2.9 

-5 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES: 

PLATE VOLTAGE. 250 max. 
GRID-NO.2 VOLTAGE. 110 max. 
GRID-NO.1 VOLTAGE: 

Negative bia-s value : ... 
Positive bias value 

GRID-NO.2 INPUT" 
PLATE DISSIPATION. . . ................. . . .. . 
GRID-NO.1 CURRENT ... . 
CATHODE CURRENT .. 
PEAK HEATER·CATHODE VOLTAGE, 

Heater negotive with respect to cathode 
Heater positive with respect to cathode 

MAXIMUM CIRCUIT VALUES: 

Grid-t:'lo, 1 Circuit Resistance: 

jj max. 
2 max. 

0. 2 max. 
2.2 max. 

2 max. 
20 max. 

100 max. 
100 max. 

volts 
amp 

volts 
volts 
ohms 
megohm 
J.l.mhos 

volts 

volts 
volts 

volts 
volts 
watt 
watts 

volts 
volts 

For·cathode-bias operation. 1.0 max. megohm 

DESIGN ENGINEERS: You will want to evalu­
ate this tetrode for possible use in your equip­
ment designs. For more details on nuvistors and 
information on how you may obtain samples of 
the tetrode call your RCA Field Representative 
at the Field Office nearest you. 

Among other nuvistor types in development at 
RCA is a beam power tube for military, indus­
trial, and entertainment applications. Half the 
size of its present-day counterpart, the nuvistor 
beam power tube will have a maximum plate­
dissipation rating of 30 watts, and an output of 
several watts with less than 75 volts on the plate. 

e The Most Trusted Name in Electronics 
® RADIO CORPORATION OF AMERICA 

EAST: 744 Brood Streel, Newark 2, New Jersey. HUmbaldt 5·3900. MID-WEST: Suite 1154, Merchandise Marl Plaza, 
Chicago 54, Illinois. WHitehall 4·2900. WEST: 6355 E. Washinglon Blvd., los Angeles 22, California. RAymond 3·8361. 
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IN TORRINGTON SPHERICALS ... NO COMPROMISE WITH QUALITY 

The spherical design concept is the major factor in the su­
perior performance characteristics and longer service life of 

Torrington Spherical Roller Bearings. It provides inherent 

self-alignment. .. allows compensation within the bearing for 

initial or dynamic misalignment. It insures the maintenance 

of full radial and thrust capacity under these conditions. 
The center guide flange thrust surface and mating roller 

ends are spherically ground to the same radius. Under load, 

the roller seeks positive contact with the center flange. The 
result is extremely accurate roller guidance, a high degree 

of geometric stability, minimum friction, and truer rolling 

motion. 

Torrington Spherical Roller Bearings are one outstanding 
example of Torrington's uncompromising research, engi­

neering and manufacturing skills. They are your assurance 
of the ultimate in bearing performance. 

THE TORRINGTON COMPANY 
South Bend 21, Indiana • Torrington, Connecticut 

PROGRESS THROUGH PRECISION-IN BEARING DESIGN AND PERFORMANCE 
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Animal Infections and Human Disease 

During most of man's history his worst diseases were carried 

by aniTnals and transmitted by insects and other arthropuds. 

These "zoonoses)) are still a threat over m,uch of the world 

The word "plague" stirs an ancient 
fear in most of us. Then we 
quickly shrug it off, remembering 

that we have moved out of reach of this 
scourge of our ancestors. But to a sub­
stantial majority of the earth's peoples, 
plague and other "zoonoses"-animal in­
fections that may be transmitted to man 
-remain a daily threat. They are still one 
of the chief causes of disease over most 
o� the earth. 

In a shrinking world these diseases 
are not so far from our urban civilization 
as we like to think. An airline pilot lands 
in New York after a long flight from cen­
tral Africa and is rushed to the hospital 
suffering from cerebral malaria. Oil-

by Meir Y oeli 

well drillers are invalided home from 
the Persian Gulf suffering from ague and 
the enlarged spleen typical of many 
tropical fevers. People in New Jersey 
die of equine encephalitis contracted not 
in some remote and primitive place, but 
in their own backyards. 

Men have been observing infectious 
diseases since earliest times. Even while 
they regarded these pestilences with su­
perstitious awe, helplessly attributing 
them to the wrath of the gods, the an­
cients made some acute observations. In 
some of the oldest chronicles-Baby­
lonian laments, Homeric songs, Chinese 
annals, the Old Testament-are records 
of pestilence and its connection with fac-

tors in the environment. Thus in the 
book of Samuel we read how the Philis­
tines, having defeated the Israelites and 
stolen the sacred ark, felt "the hand of 
the Lord . . .  heavy upon them." The 
God of Israel "destroyed them and smote 
them with emerods" (the swollen lymph 
glands of bubonic plague) . 

In the light of modern knowledge we 
can interpret what happened. An infec­
tion of field mice was transferred to 
human beings by biting fleas. Once in 
the new host, the bacterium discarded its 
natural mode of propagation by insect 
"vector." In the cities of the Philistines 
the infection took on its explosive form 
of pneumonic plague, passing directly 

MEDIEVAL "PLAGUE POSTER" displays this woodcut over an 

announcement of a Mass in Paris, commemorating the death of 

Saint Roch, who was especially invoked against plague. The saint 

is pointing to the plague spot on his leg. At his feet is the dog 

reputed to have brougbt him bread when, infected with plague, he 

was expelled from an Italian town and left to starve in a forest. 
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from person to person by means of ex­
haled droplets of fluid. "There was a 
deadly destruction . . .  and the men that 
died not were smitten with emerods." 
The terrified inhabitants could know 
nothing of this complicated epidemi­
ology, but they did understand that the 
mice were in some way responsible for 
their b·ouble. Deciding to return the 
ark, they were directed by their priests 
to send with it a "trespass offering" of 
"five golden emerods and five golden 
mice, according to the number of the 
lords of the Philistines: for one plague 
was on you all and on your 100·ds. Where­
fore ye shall make images of your emer­
ods and images of your mice that mar 
the land." 

The passing millennia have added 
considerably to our sophistication. 

vVe now know that each zoonosis is an 
exceedingly complex biological system. 
It comprises not only the actors-the 
infective agent, human host, animal 
reservoir and insect vector-but also the 
setting of terrain, climate, plant life and 
so on in which they play their inter­
connected roles. But to recognize the 
elements in the system is by no means 
to understand all the details of its work-

ings. There are still serious gaps in our 
knowledge. 

As a classic example of the ecology 
of a zoonosis let us consider Chagas' 
disease, an often fatal infection that oc­
curs in South and Central America. The 
infecting organism is :i protozoon known 
as TTlJpal1osoma Cl'Uzi, a first cousin to 
the germ of African sleeping sickness. 
There are natural foci of this trypano­
some as far north as Texas, where it in­
fects wood rats. Blood-sucking "kissing 
bugs" prey on an infected animal, pick­
ing up the organism and eventually 
transferring it to another rat. Thus the 
trypanosome circulates quietly in its 
wild cycle. The human population of 
Texas, living in well-built houses, hardly 
ever comes into contact with the bugs, 
and so it does not become infected. 

Farther south, in British Honduras, 
there are plenty of wood rats and other 
suitable animal hosts; the people live in 
huts infested with vermin, but the cli­
mate is too wet for the kissing bug, and 
so the disease does not spread. In Costa 
Rica the animal reservoir is the vampire 
bat, which does not usually come near 
human beings, and the native bug is an 
inefficient vector. Cases of human infec­
tion occur, but only sporadically . 

. ,': .. -';"'.::� Y··'_:'}.:.. 
.� .. ....: '; . 

In South America the disease finds a 
much more hospitable environment. The 
wild host is the armadillo, and the wild 
vector a species of kissing bug that trans­
fers the organism efficiently. This natu­
ral cycle, however, occurs in the deep 
jungle, where man rarely intrudes. En­
ter now the opossum, ranging through 
the jungle, bitten by an infected kissing 
bug and picking up the organism. Un­
like the armadillo, the opossum is not 
shy of human beings. Under cover of 
night it steals into native huts looking 
for scraps of food. A domestic strain of 
kissing bug takes a blood meal from the 
opossum and then later from a dog, cat 
or human being. Thus is set up a second 
cycle, and the disease spreads through a 
village. 

The process does not end here. Preg­
nant women can transfer the trypano­
some via the bloodstream to their un­
born children. Now the disease can 
progress within a family, without the in­
tervention of wild or domestic animals 
or even of the kissing bug. 

There are a number of points to be 
noted about these patterns. The first is 
that they aTe patterns: the significance of 
each part can be understood only in its 
relation to the whole. In the cycle of 

ECOLOGY OF CHAGAS' DISEASE is illustrated diagrammatical. 

ly. The left·hand section of the drawing shows the wild cycle, where 

the infecting organism, TrypallosonUl crLlzi, circulates among arma­

dillos, carried by the kissing bug. Through this "nest" comes an 
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armadillo, kissing bug and trypanosome 
the disease is slumbering, as it were, at 
its natural hearth. (The concept of a 
hearth, or "nest," of a zoonosis is due to 
Evgeny N. Pavlovsky of the U.S .S. R., a 
world leader in the study of animal­
borne infections.) As the earlier exam­
ples show, the existence of such a hearth 
does not necessarily mean that the dis­
ease will "awaken" and attack human 
beings. In Texas the disease has thus far 
lain dormant. 

In fact, in the wild state the trypano­
some infection does not even deserve the 
term disease. As with many other such 
biological associations, the microorgan­
ism follows its life cycle with the help, 
but not at the expense, of the animals. 
Neither the insect nor the mammalian 
host is made sick, but both are essential 
to the normal propagation of the organ­
ism. During its stay in the insect it un­
dergoes a number of striking metamor­
phoses, returning to the typical infective 
form as it re-enters the circulation of a 
warm-blooded animal. 

The disease agents of zoonoses range 
from viruses through bacteria and 

protozoa to worms. Not all of them have 
so complex a life cycle as that of Try-

�::::;: ... ==., .. ::::::::;.;;; 

panosoma cruzi. However, dependence 
on an insect or another arthropod vector 
and on a mammalian "maintenance host" 
or reservoir is not the exception but the 
rule. African trypanosomes, for example, 
can be cultured in the laboratory, but 
they lose their power of infection. The 
infectivity can be restored by culturing 
the organisms in a medium containing 
some cells from the salivary gland of the 
tsetse fly, the natural vector, as William 
L. Trager of the Rockefeller Institute has 
recently demonstrated. Again, a rodent 
malaria parasite that naturally infects 
tree rats loses its ability to pass through 
the sexual part of its normal reproductive 
cycle when transferred to an abnormal 
host, the white mouse. When the ex­
hausted strain is reinoculated in tree 
rats, it regains its vigor. 

On the other hand, parasites may 
break away from their normal pattern. 
We have already seen, both in Chagas' 
disease and in the pneumonic form of 
plague, examples of organisms that can 
propagate in more than one way. We 
shall find others. 

Knowing the nest-the natural setting 
. -of a zoonosis, we can assess the 

possibilities of its emergence as a human 

disease and undertake rational measures 
to prevent or eradicate it . Chagas' dis­
ease is an unusual case, involving a re­
mote nest and an additional mammal to 
make liaison with human beings. Most 
infections do not spread to man unless 
he blunders into them. 

In Israel some years ago we witnessed 
a striking instance of a nest of endemic 
infection that had slumbered quietly for 
about 1,000 years between invasions by 
men. On a hilI in the northern Galilee 
stand the ruins of a castle built by the 
crusaders. Like many such fortresses it 
is located on a commanding site along 
an ancient road and over natural caves 
that served as shelter and storerooms. It 
is said that the castle was abandoned by 
its builders after they fell ill of a severe 
recurren t fever. 

The story is quite plausible. Endemic 
relapsing fever, a spirochete infection 
transmitted by ticks, resides in cave­
dwelling rodents. These animals must 
have infested the cave under the Gali­
lean castle during the occupation of the 
crusaders. They were still there in 1947, 
when a group of 65 young people came 
to the strategically situated fortress to 
guard its approaches and establish a set­
tlement. Within a few weeks 45 of them 

opossum which picks up the infection and brings it to an inhabited 

region (right). There the kissing bug transfers it to domestic ani-

mals and to people. Pregnant women can transfer the trypanosome 

to unborn children without any further intervention of the vector. 
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were hospitalized with relapsing fever. 
While some zoonoses nest in small, 

isolated pockets, others spread widely, 
holding enormous areas in their grip. 
Sleeping sickness, the African form of 
trypanosomiasis, stretches over an area 
as vast as the U. S., denying it to man 
for agriculture and animal husbandry. 
The trypanosome, carried by wild game 
in which it causes no sickness, is trans­
ferred by the tsetse fly, and transmitted 
by the same vector to men and cattle 
within its domain. 

Still more pervasive are the typhus 
fevers. Not confined to the tropics or 
warm climates, they reach as far as the 
northern tundras of Siberia, and have 
broken out as epidemics in many parts 
of the globe. The microorganisms of ty­
phus fever are rickettsiae, minute "in­
clusion bodies" that have characteristics 
of both viruses and bacteria and that live 
only inside cells. They infect a variety 
of rodent and other mammalian hosts, 
and are carried by mites, ticks, fleas and 
lice. A special adaptation by which they 
grow in the yolk cells of their arthropod 
carriers makes it possible for typhus 
rickettsiae to perpetuate themselves 
through generations of vectors without 
recourse to the mammalian reservoir. 
When the infection spreads to man, the 
organisms invade the cells lining the 
blood vessels, causing fever, hemor­
rhages and other severe symptoms. Al­
though all the rickettsial diseases have a 
common pattern of development, each 
in its turn shows its own dark counte­
nance. Like beasts of prey that belong 
to a common family but live and hunt in 
different regions, these typhus infections 
are each bound by their environment 
and by different ecological and biologi­
cal factors. 

Under the name of Rocky Mountain 
spotted fever, typhus has become all too 
familiar to U. S. residents. Now another 
zoonosis, this time a virus infection, is 
acquiring equal notoriety. Virus en­
cephalitis has struck in several sections 
of the U. S. Considering the variety of its 
mammalian reservoirs and vectors, the 
wonder is that it is not more prevalent 
than it is. Encephalitis virus is to be 
found in horses, in various wild animals 
and in migratory birds. Numerous spe­
cies of tick and of mosquito can carry it. 

perhaps the most interesting, as it is 
surely the most threatening, aspect of 

the zoonoses is the ability of the infec-

the droplet-carried germ of pneumonic 
plague has been noted earlier. It is still 
not fully understood. 

Let us consider another example or 
two. Relapsing fever, as we have said, 
normally travels to man from under­
ground rodents via ticks. In the vector 
the spirochete enters the salivary glands, 
the most favorable location for transmis­
sion when the tick bites another animal. 

One type of spirochete found in central 
Africa has abandoned the rodent reser­
voir and propagates directly from man 
to tick, from tick to its offspring and 
again to man. In North Africa and south­
ern Spain there is a closely related spiro­
chete that can go a step farther from 
its normal cycle and adapt itself to a 
new vector: the body louse. The switch 
causes a sharp change in virulence, and 

ENCEPHALITIS 

tive agents to adapt themselves to dif- YEllOW FEVER 
feren t modes of existence. The sudden 
conversion of Pasteurella pestis from the WORLD DISTRIBUTION of some of the major diseases discussed in the text is shown in 
flea-borne agent of bubonic plague to color on these global maps. In most cases the colored areas are regions where the human 

164 

© 1960 SCIENTIFIC AMERICAN, INC



the former endemic disease can explode 
into an epidemic, especially in over­
crowded and undernourished popula­
tions. Such epidemics are only too well 
remembered in eastern Europe from the 
years of World War I and immediately 
afterward. 

Despite its devastating efficiency, the 
body louse is not a true biological vec­
tor. Its relationship with the spirochete 

has not evolved to the point where the 
latter takes up a favorable station for 
transmission. Infected lice have spiro­
chetes in their body fluids, but cannot 
excrete them while biting. To pick up 
the infection the human host must crush 
the bug on his skin and then scratch the 
body fluids into the irritated area around 
the bite. However, this unlikely mode of 
transfer works all too well. 

LEISHMANIASIS 

TRYPANOSOMIASIS 

As in any other biological system, the 
older a disease, the more highly special­
ized adaptations we expect to find. Con­
sider the group of infections known as 
leishmaniasis, after their infecting agents, 
the protozoa Leishmania. These organ­
isms are probably among the most an­
cient parasites of man. There are now 
four quite distinct strains of leishmania 
infecting human beings. They attack dif-

RELAPSING FEVERS 

TYPHUS FEVERS 

infection regularly occurs. In the case of yellow fever, however, 

the areas are those where the mosquito vectors are found. The in-

formation for these maps was taken from an atlas of diseases that 

is published by the American Geographical Society of New York. 
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ferent tissues, cause different symptoms 
and are transmitted by different species 
of sand fly. Yet they obviously derive 
from a commOlI ancestral form. In fact, 
the different organisms cannot be distin­
guished under the microscope or even by 
serological (blood-test) reactions. Only 
by the symptoms they cause in human 
hosts can they be told apart. 

In one form leishmania cause kala­
azar, an often fatal infection of the retic­
ulo-endothelial system (an intricate cel­
lular defense system in the body). Kala­
azar is endemic in parts of India and 
China and appears sporadically in Africa 
and South America. A second type of 
leishmaniasis produces a variant called 
infantile Mediterranean kala-azar, which 
primarily affects infants and small chil­
(!ren in the Mediterranean basin. In Cen-

tral and South America the organism 
shows up in espundia, an ulcerative con­
dition of the nasal and oral membranes. 
And in many parts of the Near and Mid­
dle East as well as in central Asia it is 
responsible for Oriental sore, an ulcerous 
infection of the skin. The geographical 
distribution of the leishmania is parallel 
to that of their vectors and of the natural 
mammalian reservoir, chiefly dogs. 

It seems that leishmania parasites are 
still going through a process of adapta­
tion. In every country but India kala­
azar is an infection limited to the reticu­
lo-endothelial system; it very seldom ap­
pears in the blood of its victims. A sand 
fly, therefore, cannot pick up the organ­
ism from a sick human being, but only 
from a dog that does have leishmania in 
its skin. In India the dog population is 

ENCEPHALITIS PLAGUE MALARIA 
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not infected, however, and there the 
parasite does circulate in white cells of 
the blood of kala-azar patients, where it 
is accessible to flies. It has adapted itself 
to survive and spread in the absence of 
an extra-human source. 

I n other diseases this process has long 
since been completed, and we think 

of them as purely human afflictions. 
Often, however, their source is betrayed 
by the existence of closely similar organ­
isms that infect man and other animals, 
invading the same tissues and evoking 
the same serological reactions. In some 
cases the identical organism can still in­
fect both man and beast. Such parasites, 
descended from a single ancestor, have 
evidently retained all their original char­
acteristics and invasive powers despite 

FILARIASIS 

FILARIA 

MAN, MONKEYS, 

DOMESTIC ANIMALS 

MOSQUITO, BITING FLY 

LEISHMANIASIS 

LEISHMANIA 

MAN, DOGS, GERBILS 

SAND FLY 

ZOONOSES constitute an ecological complex that embraces the 

infective microorganism \top), the animal "reservoir" (center) in 

which this organism perpetuates itself, often without producing 

any disease, and the insect or other arthropod vector (bot/om) that 
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millions of years of development in dif­
ferent hosts. 

One such family are the plasmodia, 
the blood protozoa that cause malaria. 
Widely distributed in the animal king­
dom among reptiles, birds, rodents and 
mammals, four species can develop in 
human beings. Identical malaria para­
sites are found in both men and chim­
panzees. Man can easily be infected with 
Plasmodium knowlesi, a chimpanzee 
plasmodium; chimpanzees inoculated 
with a supposedly strictly human form, 
P. malariae, will develop the typical 
quartan fever produced by this parasite. 

Another example is provided by some 
of the filarial infections of man, which 
in their chronic form cause elephantiasis 
or blindness. The filariae (nematode 
worms) are transmitted from infected to 

RELAPSING FEVERS YELLOW FEVER 
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healthy persons by mosquitoes and bit­
ing flies; it had long been believed that 
they were limited to this insect-human 
cycle. Recently, however, it has been 
found that monkeys are a reservoir of 
one of the African species of filaria, and 
that an Asian type infects dogs, cats, 
monkeys and other animals. 

Finally we come to yellow fever. Its 
history in the New World is a tale of 
fear, of hope, of shattered illusions. It 
amply demonstrates the dangers of a hu­
man disease that has a strong foothold 
in nature, an infection that has two as­
pects: an endemic-epidemic disease of 
man and a zoonosis among wild animals. 

Yellow fever is nowadays confined to 
parts of Central and South America and 
Africa. But there is no guarantee that it 
will stay within these limits. It repre-

sents an enormous menace to the crowd­
ed populations of tropical India, Indo­
nesia, Thailand, China and other parts 
of the Far East, where for reasons un­
known to us it has not taken a foothold, 
although all the necessary ecological 
conditions exist there. 

In its classical urban form yellow 
fever is an acute, usually fatal virus in­
fection, carried between human hosts 
by mosquitoes of the Aedes family, es­
pecially Aedes aegypti. Virus appears in 
the blood of infected individuals in the 
last days of the incubation, before they 
show signs of the clinical disease, and 
persists into the first few days of the 
acute infection. During this period a fe­
male mosquito that bites an infected 
person absorbs the virus with tbe blood 
meal. The organism multiplies in her 

AFRICAN 

TRYPANOSOMIASIS 

SOUTH AMERICAN 

TRYPANOSOMIASIS 

TYPHUS FEVERS 

TRYPANOSOMA TRYPANOSOMA RICKETTSIA 

MAN, WILD GAME ARMADILLO, OPOSSUM MAN, DOG, RAT 

TSETSE FLY KISSING BUG LOUSE, FLEA, TICK. MITE 

carries the infection among the animal hosts and may also transfer 

it to human beings. In some cases the reservoirs are wild animals 

that do not ordinarily intrude on territory occupied by man. In 

other cases the animals live in direct contact with human beings. 
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body and persists for the rest of her life. 
These facts were elucidated in the 

early days of this ceiltury by the inves­
tigations of the American Yellow Fever 
Commission. Control measures against 
Aedes mosquitoes in Central and South 
America had by the 1920's succeeded in 
greatly reducing yellow fever. There 
seemed reason to hope that the disease 
might be totally eliminated. But then 
was discovered "jungle" yellow fever, a 
zoonosis of monkeys that is transmitted 
by a different kind of mosquito, Haema­
gogus capricorni, which lives in treetops. 
The virus of this wild fever is apparently 
the same as that of the human form of 

the disease, and men going into the jun­
gle are occasionally infected. If they re­
turn to a town during their incubation 
period and in turn infect the local Aedes, 
the single case of chance infection may 
snowball into a grave urban epidemic. 
To wipe out the jungle mosquitoes 
would be a Herculean task, perhaps im­
possible at the present time. So this 
entrenched zoonosis remains a hazard 
that may bar man's penetration into its 
strongholds, and is always a threat to 
break out into inhabited areas. 

This discussion of animal-borne dis­
ease could include many more examples, 
but they would merely be further varia-

Iz 

tions on the central theme. We might 
mention some infections that travel to 
man from other mammals without re­
quiring an intermediate vector. Bovine 
tuberculosis, brucellosis, rabies and tu­
laremia are instances of this. The only 
essential difference is a somewhat sim­
pler ecological pattern. 

What is the significance of the zo-
onoses in our industrial age? We 

have noted that all of them are bound by 
certain ecological systems in nature, 
mostly in rural environments. Modern 
ways of life are disrupting these old sys­
tems in various ways. For example, new 

VECTORS that carry zoonoses are insects or other arthropods. 

Shown here are: (a) the Culex mosquito, which carries filariasis, 

(b) sand fly, which carries leishmaniasis, (e) Anopheles mosquito, 

which carries malaria, (d) Aedes mosquito, which carries yel· 

low fever, (e) tsetse fly, which carries African trypanosomiasIs, 

(f) mite and (g) louse, both of which carry typhus, (h) rat flea, 

which carries plague, (i) tick, which carries relapsing fever, and 

(j) kissing bug, which carries South American trypanosomiasis. 
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DOOR IS OPENED ... 
TO COST SAVINGS IN INSTRUMENT-AIR CONTROL 

Some wit has said, "Air is free; it's 
breathing that costs money." The same 
can be said about instrument-air con­
trol systems. Miles of expensive tubing 
are needed to convey air impulses be­
tween control panels and field instru­
ments. Until lately, copper was king in 
this area-particularly in chemical proc­
essing, petroleum refining, and in school 
and office heating and conditioning. 

Now, however, a new plastic offers 
to do the job cheaper-and often better. 
It's extrudable PLASKON® Nylon, a spe­
cial form of polycaprolactam (nylon-6) 
marketed by our Plastics and Coal 
Chemicals Division. Available in a flex­
ible grade (without sacrifice of tensile 
strength), it is ideally suited for instru­
mentation tubing. 

Supplants copper 
Very logical reasons account for the 
fact that nylon tubing is supplanting 
copper. It costs less as a material­
averages half as much in sizes under % 
of an inch. Its flexibility reduces instal­
lation time by eliminating costly bend-

Flexibility 0/ PLASKON Nylon tubing makes 
even right-angle bends easy. 

ing and drawing-achieves complex 
bends where copper might kink. It 
comes in continuous lengths, avoids the 
joining of short sections. Connections, 
when needed, can be made with con­
ventional fittings. It's adaptable to many 
installation methods, including factory­
and job-made bundles. It's light-Ys the 
weight of copper. It's color-cod able. 
And nylon, of all the common flexible 
plastics, is the strongest, toughest and 

Installing PLASKON Nylon instrumentation tubing at Allied Chemical's Hopewell, Vir­
ginia plant. Note the 1000-/00t, continuol/s, light-weight coils held by workman. 

most heat-resistant, with unique surface 
hardness and resistance to abrasion. 

Proved by use 
About now, 'some cynic is sure to ask, 
"If the stuff's so darn good, why don't 
you use it yourself?" We do. We do in­
deed. In our. Edgewater, N. J., plant it 
has given us nearly two years of trouble­
free service. More than 125,000 feet of 
PLASKON Nylon tubing are installed in 
our Hopewell, Virginia, plant. Besides 
saving us more than a few coppers in 
installation costs (30%, in fact), it 
serves both as a test and demonstration 
of nylon instrumentation tubing. You 
can't help but learn a lot about tubing 
when you put in nearly 25 miles of it. 
We'd like to pass on our findings to you. 

BASIC TO AMERICA'S PROGRESS 

Limitations? Some, to be sure, but 
more than offset by the advantages. A 
few chemicals attack nylon, and where 
these are present, it should be protected. 
The melting point is 420 F. And nylon 
can burn-but with reluctance, and 
it tends to be self-extinguishing. 

Wide applications 
You'll find many other uses for nylon 
tubing besides instrument-air control: 
high-pressure hydraulic and air, lubri­
cating and gasoline, hot water, paint 
spraying and solvent conveying. And, 
of course, pipe, tape and complex 
shapes can be extruded from PLASKON 
Nylon for a multitude of applications. 

Free booklet 
To bring you the whole story of PLASKON 
Nylon tubing, we have prepared a book­
let describing both the advantages and 
installation methods. Included is a de­
tailed cost analysis of our Hopewell in­
stallation, showing in actual figures how 
it can save money. For a copy, just 
write, on company letterhead, to Allied 
Chemical Corporation, Dept. 56-S, 
61 Broadway, New York 6, New York, 
or phone HAnover 2-7300. 
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insecticides may succeed in wiping out 
certain of the diseases. On the other 
hand, it is well to remember that over 
half of the world's population still live 
poor peasants' lives, walk barefoot and 
sleep on mud floors. The automobile and 
airplane have shortened the distance be­
tween these exposed environments and 
the "safer" parts of the world. 

However, the chief danger does not 
lie here, but in the mutable character of 
some pathogens, in their powers of adap­
tation to new surroundings and their 
ability to develop new modes of spread­
ing. Chance transfers, or the pressure of 
purposeful campaigns of eradication, 
may push disease organisms into new en­
vironments and biological cycles. The 

results of such shifts cannot be foreseen. 
In many parts of the world man still 

faces a wild frontier. Before his tractors 
push farther into the tundra and his e1ec­
b'ic saws fell the giant trees of the jungle 
he will do well to reconnoiter the un­
known terrain, mapping and studying 
the nests of wild infection, to be ready 
for the disease that may be lying in wait. 

MICROORGANISMS of some zoonoses are shown in these photo. 

micrographs of stained specimens at various magnifications. From 

top to bottom at left they are: plague bacilli (rod shapes) ; Plas· 

modium (dark crescent in red blood cell) ; spirochetes (Jaint wavy 

lines); the trypanosomes of African sleeping sickness (curled 

shapes). From top to bottom at right the organisms are: microfila· 

ria, the prelarval form of the filariasis parasite (curved Ihread) ; 

Leishmania, in the flagellate form which they assume in the vector 

(pointed ovals with Ihin tails) ; Rickettsiae (small dots) ; the trypa· 

nosomes of Chagas' disease (dots within a section 0/ heart muscle). 
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SILICON NEWS from Dow Corning 

Watchword: Reliability 

Silicon Optics Enhance Reliability and 
Versatility of Infrared Detection Systems 
As new infrared guidance and surveiIIance systems take their "passive" 

positions in our defense, one major design challenge is to guarantee opti­

mum performance of these vital devices. One way is to employ silicon 
optics ... because, in addition to providing over 95% transmission, they 

offer a unique combination of properties that assure the highest degree 

of reliability and versatility. 

Reliability of product really begins with reliability of sources. Under 

Dow Corning's stringent quality control program, each new silicon ingot 

is meticulously quality-checked for transmission rate ... and a transmis­

sion curve goes right along with every silicon blank delivered. 

Today, Dow Corning can make prompt shipment of optical silicon blanks 

up to 7 inches in diameter ... in hollow domes, flat plates, prisms and 

other shapes to meet the most exacting specifications. Keeping pace with 

the new, fast-moving infrared industry, Dow Corning wiII apply latest 

techniques to larger sizes as the needs develop. 

Free Brochure Available - plus latest data on optical silicon for infra­

red detection. Write today ... your name will be kept on a special mail­

ing list to receive all new bulletins on this subject. Please address your 

inquiry to Dept. 9805. 

PHOTO COURTESY ACF ELECTRONICS DIVISION 

ACF INDUSTRIES. INC. 

Avion engineer "reflects" on Dow Corning silicon 
dome during test of infrared transmission char­
acteristics_ Avion's capability in infrared tech­
nology dates back to early research and devel­
opment on the famous "Sidewinder" missile. 
Present interests and projects include airborne 
detection and tracking devices. 
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TRANSMISSION DATA COURTESY OPTICAL COATING 

LABORATORY. INC., SANTA ROSA, CALIFORNIA. 
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The black line indicates the percent of transmit­
tance for silicon is relatively constant from 1.3 
to 6.7 microns. Blue lines show how transmission 
is increased by coating. Single coating provides 
maximum transmission on a narrow band; sev­
eral coatings, dotted blue line, give maximum 
transmission on a broad band. 

Properties of Dow Corning Optical Silicon 
Specific gravity _________________ 2.329 at 25 C 
Melting point _________________________ 1420 C 
Hardness _____________________________ 7 Moh 

1150 Knoop 
Thermal conductivity _____ 0.39 cal (cm sec. CO) 
Thermal expansion _____________ 4.15 x 10-6/Co 
Specific heat ___________________ 0.168 at 25°C 
Dielectric constant __________ 13 at 9.37 x 109 cps 
Elastic modulus (Youngs) ________ 19 x 106 psi 
Flexural strength __________________ 20,000 psi 

HYPER-PURE SILICON DIVISION 

Do� Corning CORPORATION 
MIDLAND. MICHIGAN 
ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D.C. 
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RECENT DEVELOPMENTS MAKE CELANESE 

From the photographer's stop bath to the production of fibers, the applications for acetic acid make it one 

of industry's most useful chemicals. Celanese has the largest acetic acid plant facilities in the world, with capacity 

nearly doubled recently to attain a new high of over 400 million pounds a year for the two basic acetyl chemicals­

acetic acid and acetaldehyde. One of the most important organic acids, acetic is made at Celanese from 

petroleum gases by a unique oxidation process developed in Celanese laboratories at Clarkwood, Texas. 

The material is so pure that it exceeds U.S.P. specifications. It is used in the manufacture of cellulose acetate fiber 

and plastic, vinyl monomers, solvents, dyes, metal salts, pharmaceuticals and many other chemicals. 

If you'd like more information about acetic acid or its derivatives, write to: Celanese Chemical Company, 

a Division of Celanese Corporation of America, Dept. 582·E, 180 Madison Ave., N. Y. 16. Celanese� 
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No.1 source FOR ACETIC ACID 

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue. N. Y. 16. 
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Power Pack Patter 

Requirements for closely controlled power 
are becoming more exacting every day. And, 
every day, more and more Sorensen equip­
ment is being selected to fill these require­
ments. Here are a few interesting applications 
we've heard of recently. (Sorensen makes 
only the power, not the end use, equipment.) 

Item for "The Compleat Bench. 
Tester." A single, precision power-supply 
system that duplicates the power sources 
found on military aircraft, from fighters to 
bombers, has just been supplied by Sorensen 
for bench-testing electronic gear. With stand­
ard, 60 cps input, outputs are: 28 vdc; 115 
vac, 60 cps, single-phase; and both 115 vac 
and 26 vac at 400 cps, single- and three­
phase. The "400 cps" supply is continuously 
adjustable between 360 and 400 cps. 

Workout for starter. motors. One of 
the "big three" uses a Sorensen supply, put­
ting out 4 to 13 volts in five ranges and up 
to 1000 amps, for production.line testing of 
automobile starters. Sorensen offers a com­
plete line of similar low-voltage, tubeless, 
highly-regulated supplies, in all commonly 
used voltages. 

Piling volts on top of volts, Van de 
Graaff generators can reach 10,000,000 volts 
or so-useful for nuclear research, electron 
beam sterilization and many other purposes. 
A leading manufacturer has found Sorensen 
Series 1000 supplies ideal exciter sources 
(50,000 volts or so) to get the process going. In­
cidentally, Sorensen markets a complete line 
of electrostatic generators of a different type. 

NEW CATALOG and Power Supply 

Handbook. Just off the press and yours for 
the asking, this new Sorensen publication 
gives valuable technical data and lists speci­
fications on more than 400 power supply 
models: Regulated and unregulated d-c sup­
plies; a-c line-voltage regulators; frequency 
changers; high-voltage a-c and d-c supplies, 
testers, and electrostatic generators (to 600 
kv); and miniature component-type inverters, 
converters, and d-c supplies. Write for your 
copy tOday. Sorensen & Company, Richards 
Avenue, South Norwalk, Conn. 9.65 

s 
"SUBSIQIA.R'f OF R"vTlltON COMPA.NY 

CONTROLLED 
POWER 

PRODUCTS 
• • •  the widest line means the wisest choice 
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MATHEMATICAL GAMES 
Reflections on the 
packing of spheres 

by Martin Gardner 

S
pheres of identical size can be piled 

and packed together in many dif­
ferent ways, some of which have 

fascinating recreational features. These 
features can be understood without 
models, but if the reader can obtain a 
supply of 30 or more spheres, he will 
find them an excellent aid to understand­
ing. Table-tennis balls are perhaps the 
best for this purpose. They can be coated 
with rubber cement, allowed to dry, then 
stuck together to make rigid models. 

First let us make a brief two-dimen­
sional foray. If we arrange spheres in 
square formation [see illustration at 
right below]' the number of balls in­
volved will of course be a square num­
ber. If we form a triangle [see illustra­
tion at left], the number of balls is a tri­
angular number. These are the simplest 
examples of what the ancients called 
"figurate numbers. " They were inten­
sively studied by early mathematicians 
(a famous treatise on them was written 
by Blaise Pascal), and although little 
attention is paid them today, they still 
provide intuitive insights into many as­
pects of elementary number theory . 

For example, it takes only a glance 
at the illustration at left to see that 
the sum of any number of consecutive 
positive integers, beginning with 1, is a 
triangular number. A glance at the ilIus-

2 

3 

4 
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15 

tration at right shows that square num­
bers are formed by the addition of con­
secutive odd integers, beginning with 
1. The top illustration on page 177 makes 
immediately evident an interesting the­
orem known to the ancient Pythago­
reans: Every square number is the S1J,111 
of two consecutive triangular numbers. 
The algebraic proof is simple. A triangu­
lar number with n units to a side is the 
sum of 1 + 2 + 3 + . . .  n, and can be 
expressed by the formula );n (n + 1) . 
The preceding triangular number has 
the formula )�n ( 11 - 1) . If we add the 
two formulas and simplify, the result is 
112. Are there numbers that are simul­
taneously square and triangular? Yes, 
there is an infinite number of them. The 
smallest (not counting 1, which belongs 
to any figurate series) is 36; then the 
series continues: 1225, 41616, 1413721, 
48024900 . . .  It is not so easy to devise 
a formula for this series. 

Three-dimensional analogies of the 
plane-figurate numbers are obtained by 
piling spheres in pyramids. Three-sided 
pyramids, the base and sides of which 
are equilateral triangles, are models of 
what are called the tetrahedral numbers. 
They form the series 1, 4, 10, 20, 35, 56, 
84 . . . and can be represented by the 
formula )�n(11 + 1) ( 11 + 2) , where 
11 is the number of balls along an edge. 
Four-sided pyramids, with square bases 
and equilateral triangles for sides (i.e., 
half of a regular octahedron), represent 
the square pyramidal numbers 1, 5, 14, 
30, 55, 91, 140 . . . They have the for-

3 

5 

7 

9 

25 

The basis of triangular numbers (left) and of square numbers (right) 
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LINEAR ACCELERATOR 
MAY BE EXACTLY 
WHAT YOU NEED 

THE NEXT BIG STEP AHEAD IN MANY RESEARCH AND INDUSTRIAL TECHNIQUES 

AN X-RAY BEAM 100 TIMES MORE POWERFUL 

For industrial radiography, a Varian V-7706 Electron 
Linear Accelerator sees through massive castings, detect­
ing flaws hidden from conventional X-ray. Typical rat­
ings are 2500 Roentgens per minute at one meter at 13 
Mev, or 20,000 Roentgens at 20 Mev_ 

Typical Linac yields are 4000 to 40,000 megarad-pounds 
per hour. 

A "UNIVERSAL CATALYST" FOR CHEMISTRY 

PENETRATION FOR DEEP CANCER THERAPY 

The high-energy electron beam produces free radicals in 
massive quantities. And it creates rates or types of chemi­
cal reactions which are otherwise difficult or impossible. 
The pulsed beam permits noise-free analysis between 
pulses. The "Linac" - as contrasted to conventional X-ray­

delivers a much higher proportion of total energy to the 
deep seated tumor itself. In this way, fast, highly effec­
tive dosages are achieved without serious skin reaction. 

A HIGH ENERGY RADIATION SOURCE WITH CONTROLS 

A Linac can provide copious yields of fast and slow neu­
trons, positrons and mono-energetic photons. Typical 
neutron yield is 1014 per second. Electron energies are 
typically 30 to 300 Mev with average beam currents of 
1000 to 100 microamperes. Beam current, energy, pulse 
length, pulse repetition rate and beam direction are all 
controllable. 

A STERILIZER WITHOUT HEAT 

Irradiation techniques for large scale food preservation 
and for sterilization of medical supplies are under devel­
opment. A Varian Linear Accelerator was recently 
delivered to the Danish government for these purposes. 

VARIAN ASSOCIATES AS THE SOURCE 

Varian Linac experience gives you highest assurance of design suitability 
in your application. Performance to specification is guaranteed. This is 
made possible by the company's unique combination of strength in all 
those particular technologies which various electron linear accelerators 
embody: 

MICROWAVE SYSTEMS (an entire Varian division) -

KLYSTRONS (world's largest manufacturer) -

MAGNET SYSTEMS (a technological leader) -

ULTRA HIGH VACUUM (Varian makes the Vaclon® Pump) 

You,inqui",�in"'tOO. • VARIAN - t Address the ' 8SS0CI8 es 

RADIATION DIVISION PAL 0 A L TO 7, CAL I FOR N I A 

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 

NMR & EPR SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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Problem: Determine positional accmacy of automatic 
inertial navigation system. 

_ �-.Solu!J.�-e,[�L�;j, 1;.![[tics' visual Type 
:;;.;,··" ..... ,.,�_..J,rieriscope··�r 'SubmaTine7?Ei({{;;;ne./;t� 

Sextant, Mark II. 
Result: Bird away and on target. 

Pioneering by N ortronics' Precision Products 
Department in the field of navigation and stabilization 
systems has created unique career opportunities in 
advanced design, production and applications 
engineering. 

@NDRTRDNICS 
A Division of NORTHROP CORPORATION 

PRECISION PRODUCTS DEPARTMENT 

NORWODD, MASSACHUSETTS 

Field Offices 
Highway #46 2486 Huntington Drive 

Teterboro, New Jersey San Marino, California 
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mula ),(n(n + 1) (2n + 1). Just as a 

square can be divided by a straight line 
into two consecutive triangles, so square 
pyramids can be divided by a plane into 
two consecutive tetrahedral pyramids. 
( If you build a model of a pyramidal 
number, the bottom layer has to be kept 
from rolling apart. This can be done by 
placing rulers or other strips of wood 
along the sides.) 

Many old puzzles exploit the proper­
ties of these two types of pyramidal 
number. For example, in making a 
courthouse monument out of cannon 
balls, what is the smallest number of 
balls that can first be arranged on the 
ground as a square, then piled in a 
square pyramid? The surprising thing 
about the answer (4,900) is that it is 
the only answer. (The proof of this is 
difficult, and was not achieved until 
1918.) Another example: A grocer is 
displaying oranges in two tetrahedral 
pyramids. By putting together the or­
anges in both pyramids he is able to 
make one large tetrahedral pyramid. 
What is the smallest number of oranges 
he can have? If the two small pyramids 
are the same size, the unique answer is 
20. If they are different sizes, what is 
the answer? 

Imagine now that we have a very 
large box, say a crate for a piano, which 
we wish to fill with as many golf balls as 
we can. What packing procedure should 
we use? First we form a layer packed as 
shown by the black circles in the illustra­
tion below. The second layer is formed 
by placing balls in alternate hollows as 
indicated by the open gray circles. In 
making the third layer we have a choice 
of two different procedures: 

49 

Square and triangular numbers are related 

1. \'Ve place each ball on a hollow that 
is directly above a ball in the first layer. 
If we continue in this way, placing the 
balls of each layer directly over those in 
the next layer but one, we produce a 
structure called hexagonal close-packing. 

2. We place each ball in a hollow di­
rectly above a hollow in the first layer. 
If we follow this procedure for each 
layer (each ball will be directly above a 
ball in the third layer beneath it), the re­
sult is known as cubic close-packing. 
Both the square and the tetrahedral pyr­
amids have a packing structure of this 
type, though on a square pyramid the 
layers run parallel to the sides rather 
than to the base. 

In forming the layers of a close pack­
ing we can switch back and forth when­
ever we please from hexagonal to cubic 
packing to produce various hybrid forms 
of close packing. In all these forms­
cubic, hexagonal and hybrid-each ball 
touches 12 other balls that surround it, 
and the density of the packing (the ratio 

In hexago1lll1 close packing balls go in hollows labeled A; in cubic, in hollows labeled B 

po-si'tion 
A NOTE FOR TALENTED 
ENGINEERS: 
We invite your inquiry as to 
important positions that exist at 
N ortronics' Precision Products 
Department (formerly the 
Military Products Division 
of American-Standard). 

Plan your future with 
Nortronics' Norwood team and 
stimulate your professional 
growth. If you can qualify in 
one of several electro-mechanical 
areas you will work on 
challenging programs with 
professionally dedicated 
associates. 

FOOTNOTE: Excellent salaries 
for qualified engineers in both 
our Systems and 
Components Groups. 

Contact E. P. REARDON, 
NORTRONICS Precision 
Products Department, 
Norwood, Massachusetts 

@NDRTRDNICS 
A Division of NORTHROP CORPORATION 
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This Many Ampere Plasma Stream 
may lead to ne"" concepts of 

po""er generation and propulsion 
A many-ampere source of ions, this device is believed to be the 
most powerful in operation in any laboratory. Already it is pro­
viding new insight into thermonuclear fusion. It may lead to new 
concepts in propulsion including a method of producing thrust 
for missions beyond the earth's atmosphere. 

Accomplishments like this are the result, we believe, of a unique 
research environment. Among other things, we encourage inde­
pendence of scientific thought and action. And, we make deter­
mined efforts to free scientists from tedious routine-help direct 
their full mental powers towards scientific achievement. 

Complex calculations, for instance, are handled by the nation's 
largest industrial computational facility. Unusual assistance-at 
operational and theoretical levels-is available from outstanding 
leaders in other disciplines. 

We believe that this combination of facilities and services is 
unequaled. If you are interested in corporate-sponsored studies 
into the fundamental nature of matter in an environment where 
success comes easier, write today. 

Research Opportunities in many areas . . •  

Chemical Kinetics 
Thermodynamic Cycle Analysis 
Electrical Propulsion 
Gaseous Electronics 
High Temperature Materials 
Direct Conversion 

Fuel and Combustion Analysis 
Space Mechanics 

Plasma Physics 
Vehicle Trajectory and 

Performance Analysis 
Surface Chemistry 

Nuclear Engineering 

Please write to Mr. W. H. Walsh 

RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 

400 Main Street, East Hartford B, Conn. 

of the volume of the spheres to the total 
space) is .74, or almost 75 per cent. 

Is .74 the largest density obtainable? 
No denser packing is known, but in an 
article published in 1958 (on the rela­
tion of close packing to froth) H. S. M. 
Coxeter of the University of Toronto 
made the startling suggestion that per­
haps the densest packing has not yet 
been found. It is true that no more than 
12 balls can be placed so that all of them 
touch a central sphere, but a 13th ball 
can almost be added. The large leeway 
here in the spacing of the 12 balls, in 
contrast to the complete absence of lee­
way in the close packing of circles on a 
plane, suggests that there might be some 
form of irregular packing that would be 
denser than .74. No one has yet proved 
that no denser packing is possible, or 
even that 12 point-contacts for each 
sphere are necessary for densest packing . 
As a result of Coxeter's conjecture 
George D. Scott of the University of 
Toronto recently made some experi­
ments in random packing by pouring 
large numbers of steel balls into spheri­
cal Rasks, then weighing them to obtain 
the density. He found that stable ran­
dom-packings had a density that varied 
from about .59 to .63. So if there is a 
packing denser than .74, it will have to 
be carefully constructed on a pattern 
that no one has yet thought of. 

Assuming that close packing is the 
closest packing, readers may like to test 
their packing prowess on this exceeding­
ly tricky little problem that will be an­
swered here next month. The interior of 
a rectangular box is 10 inches on each 
side and five inches deep. What is the 
largest number of steel spheres one inch 
in diameter that can be packed in this 
space? 

If close-packed circles on a plane ex­
pand uniformly until they fill the inter­
stices between them, the result is the 
familiar hexagonal tiling of bathroom 
Roors. (This explains why the pattern is 
so common in nature: the honeycomb of 
bees, a froth of bubbles between two 
Rat surfaces almost in contact, pig­
ments in the retina, the surface of cer­
tain diatoms and so on.) What happens 
when closely packed spheres expand 
uniformly in a closed vessel, or are sub­
jected to uniform pressure from with­
out? Each sphere becomes a polyhedron, 
its faces corresponding to planes that 
were tangent to its points of contact with 
other spheres. Cubic close-packing trans­
forms each sphere into a rhombic dodec­
ahedron [see, top illustmtion on page 
180], the 12 sides of which are congru­
ent rhombi. Hexagonal close packing 
turns each ball into a trapezo-rhombic 
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Pioneer V 

Paddlewheel Planetoid 

Is Vaulting 

Through Unexplored Space 

Toward The 

Orbital Path of Venus 

At this moment Pioneer V, one of the most advanced space 

probe vehicles ever launched, is on a course toward the path 

of Venus-26 million miles from earth. Blasted aloft March 11 

by a Thor Able·4 rocket booster, this miniature space laboratory 

will reach its destination in about 130 days. 

The project, carried out by Space Technology Laboratories 

for the National Aeronautics and Space Administration under 

the direction of the Air Force Ballistic Missile Division, may 

confirm or disprove long·standing theories of the fundamen· 

tal nature of the solar system and space itself. 

Energy from the sun-captured by almost 5,000 cells 

mounted in the four paddles-is used to supply all of the elec­

trical power to operate the sophisticated array of instrumenta­

tion packed into the 94-pound spacecraft which measures only 

26" in diameter. 

By combining a phenomenal digital electronic brain (telebit) 

with a powerful radio transmitter inside the satellite, STL scien­

tists and engineers expect to receive communications from 

Pioneer V at their command over interplanetary distances up 

to 50 million miles. 

STL's technical staff brings to this space research the same 

talents which have provided over-all systems engineering and 

technical direction since 1954 to the Air Force missile pro­

grams including Atlas, Thor, Titan, Minuteman, and related 

space programs. 

Important pOSitions in connection with these activities are now availa­

ble for scientists and engineers with outstanding capabilities. Inquiries 

and resumes are invited. 

SPACE TECHNOLOGY LABORATORIES, INC. e 
los Angeles . Santa Maria . Edwards Rocket Base . Cheyenne 

Cape Canaveral. Manchester, England _ Singapore _ Hawaii P. O. Box 95004, Los Angeles 45, California 
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Diverse applications prove 
the quality of CERAMELEX® 
... the original barium titanate 
piezoelectric elements 

Designers and manufacturers of ultrasonic micro­
phones, phono cartridges, IF transformers, sonic 
devices, delay lines and ultrasonic cleaning devices 
rely on CERAMELEX piezoelectrics for efficient 
energy conversion. 

Barium titanate, first artificially polarized* by Erie 
Resistor, is the base material ofCERAM ELEX.This 
precision-produced material has qualities not found 
in the conventional single crystal piezoelectrics: 

Variety of sizes and shapes ... ceramic compo­
sition allows molding and pressing; 

Wide temperature range . .. operating temper­
atures as high as 100°C; 

Efficient performance ... higher degree of energy 
conversion than possible with natural crystals. 

You're invited to contact Department 81 of Erie 
Technical Ceramics for literature and information 
regarding further capabilities, tolerances and avail­
ability of Erie CERAMELEX products. 

TECHNICAL CERAMICS 
DtVtStON 

Missile 
tray 

made by 
B&P 

*U. S. Paten I 2. 486,560 
ERIE RESISTOR CORPORATION 

Erie, Pennsylvania 

beats target weight by 300 lbs. 
Air transported missiles require minimum weight handling equipment so that 
important defense weapons can be moved efficiently and on schedule. Recently, 
Brooks & Perkins was given the responsibility for engiheering, designing, building 
the prototype and manufacturing an aluminum missile tray, shown above. 

Unusual loading problems and the extreme importance of deflection required 
a dimensional tolerance of ± Y32" in the 33-foot over-all length at 68°F. B & P 
not only met all tolerance requirements, but also reduced the initial target weight 
by 300 lbs. 

The aluminum missile tray is another example of Brooks & Perkins skill and 
experience in the fabrication of light metal products for ground support equipment. 

For more information and details of this and other GSE programs, write direct 
to Brooks & Perkins, Detroit. 

180 

BROOKS & PERKINS, Inc. 
1920 W. FORT ST., DETROIT 16, MICH. 

Offices in Washington and New York 60·T·7 

Packed spheres expand into dodecahedra 

dodecahedron [see bottom illustmtion], 
six faces of which are rhombic and 
six trapezoidal. If this figure is sliced in 
half along the gray plane and one half 
is rotated 60 degrees, it becomes a rhom­
bic dodecahedron. 

In 1727 the English phYSiologist Ste­
phen Hales wrote in his book Vegetable 
Staticks that he had poured some fresh 
peas into a pot, compressed them and 
had obtained "pretty regular dodeca­
hedrons. " The experiment became 
known as the "peas of Buffon" (because 
the Comte de Buffon later wrote about 
a similar experiment), and most biolo­
gists accepted it without question until 
Edwin B. Matzke, a botanist at Colum­
bia University, repeated the experiment. 
Because of the irregular sizes and shapes 
of peas, their nonuniform consistency 
and the random packing that results 
when peas are poured into a container, 
the shapes of the peas after compression 
are too random to be identifiable. In ex­
periments reported in 1939 Matzke 
compressed lead shot and found that if 
the spheres had been cubic close-packed, 
rhombic dodecahedra were formed; but 
if they had been randomly packed, ir­
regular 14-faced bodies predominated. 
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Bit densities are revealed by the electron mirror microscope through the behavior of electrons reflected by the magnetic fringe fields of recorded data. 

Reflections from an Electron Mirror 
The photograph is a representation of the 
magnetic fringe fields above a small por­
tion of a recording surface. Behind these 
magnified tracks of recorded data is the 
story of a device now decades old in prin­
ciple, but which has only recently been 
applied to the study of high-density mag­
netic information storage. 

The electron mirror microscope was con­
structed by IBM scientists as a laboratory 
instrument. Based on the excellent resolu­
tion capabilities of an electron beam, the 
electron mirror principle has its primary 
application in the observation of tiny mag­
netic fringe fields. 

In the operation of an electron mirror 
microscope, an electron beam is acceler-

ated down a tube toward a specimen 
mounted on a conductive plate with a 
negative potential relative to the cathode. 
At the zero equipotential surface in the 
tube, the electrons traveling toward the 
specimen change their directions and are 
reflected in somewhat the same way light 
rays are reflected by a mirror. By control­
ling the potentials of the cathode and the 
conductive plate, the "mirror" can be 
placed at any height above the magnetic 
surface. When the mirror is set close 
enough to the surface to be in the fringe 
fields of recorded information, these fields 
distort the return paths of electrons in the 
beam. Passing the return beam through a 
magnetic lens results in a magnified repre-

sentation on a phosphor viewing plate, 
capable of resolving bit densities far 
greater than those in use in present systems. 

It is well known that the "writing" abili­
ties of present magnetic recording trans­
ducers exceed their "reading" abilities. The 
mirror microscope produces accurate evi­
dence of all-but-undetectable recorded in­
formation. Thus the magnetic recording 
process is no longer limited to verification 
by velocity-dependent readback capabili­
ties. By the same token, the mirror micro­
scope serves both as the spur to, and the 
measure of progress toward further refine­
ments in the art of magnetic recording. 

IBM®RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept. 659Q, 590 Madison Avenue, New York 22, New York. 
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SCIENTIFIC AMERICAN BOOKS 
The widely acclaimed paperback series in which today's 
foremost scientists, writing in clear, non-technical language, 
report to the layman (and to their colleagues in other fields) 
news of the latest investigations on the frontiers of science. 

$1.45 each 

HERE, from SIMON AND SCHUSTER who 
publish them with pride, is a check­

list of Scientific American Books. 
Each book is a topical collection of 

articles from Scientific American maga­
zine. ("The array of talent that has been 
assembled for this project," says The 
New York Times, "is nothing short of 
spectacular.") Each book reports on cur­
rent activity in one major field of science. 

The Bulletin 0/ the Atomic Scientists 
says these books are "of interest not only 
to the non-scientist but to the professional 
who wishes to be au courant with the la­
test developments outside his speciali­
zation." To date, non-scientists and pro­
fessionals have bought over 440,000 copies. 

Here arc brief descriptions of the 
books. (The coupon will bring 
them to you) 

ATOMIC POWER. How nuclear reactors 
will be used to light homes and turn the 
wheels of industry. 180 pages. 15 diagrams. 

AUTOMATIC CONTROL. The mechanical 
"nervous systems" that make machines and 
factories regulate themselves. 148 pages. Illus. 

LIVES IN SCIENCE. Biographies of 18 
men of science from Galileo to Srinivasa 
Ramanujan. 288 pages, with portraits in line. 

THE NEW ASTRONOMY. A view of the 
four-dimensional universe via the great new 
telescopes. 243 pages with drawings, diagrams. 

NEW CHEMISTRY. New elements, new 
reactors, new compounds - straight from the 
laboratory into industry. 244 pages. Diagrams. 

THE PHYSICS AND CHEMISTRY OF 
LIFE. Life is explained in terms of molecules 
that make up cells and tissues. 270 pp. Illus. 

THE PLANET EARTH. Forces, tides, and 
currents that stir our planet's core, crust, 
oceans and atmosphere. 176 pages. Illustrated. 

PLANT LIFE. How plants furnish invaluable 
laboratory subjects for research into problems 
basic to the study of human life. 256 pp. IUus. 

A TWENTIETH CENTURY BESTIARY. 
A new look at animal behavior - from the 
bee's language to curiosity in monkeys. Illus. 

THE UNIVERSE. How the two contending 
schools of modern cosmology put their theo· 
ries to the test of observation. 160 pp. Illus. 

The big 626·page SCIENTIFIC 
AMERICAN READER is now available 

in a paperback edition at only $2.25 

50 articles from Scientific American mag­
azine are arranged to give the reader a 
wide view of today's scientific knowledge 
in virtually every area of research from 
the human brain to the split atom. The 
Times calls The Reader ':in every respect 
a most useful, and exciting book." Paper­
bound $2.25. Clothbound edition $6.50 

Scientific American Books, and the Scien­
tific American Reader, are on sale at all 
bookstores - or you can order on the cou­
pon below. If you are not delighted, you 
may return them for full refund. 

- SIMON AND SCHUSTER 

rr-------- MAIL THE COUPON TODAY ---------

To your bookseller, or 

SIMON AND SCHUSTER, Dept. A, 630 Fifth Avenue, New York 20, N. Y. 

Please send me the following Scientific American Books at $1.45 each. 

___ Atomic Power 

___ Automatic Control 

___ Lives in Science 

___ The New Astronomy 

___ New Chemistry 

___ Planet Earth 

___ Plant Life 

___ The Universe 

___ The Physics and 

Chemistry of Life 

-A Twentieth Century 

Bestiary 

Also, please send the Scientific American Read"r ___ paper, $2.25 ___ clotb, $6.50 

My remittance for $ ........ .... is enclosed. If I am not delighted, I may return the 
books within 14 days for refund. 

Name ................ , ... ............... ... .... ........ . ... .... ... , ....... . 

Address ................................................................... . 

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

�------------------------------� 
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These results have important bearing, 
Matzke has pointed out, on the study of 
such structures as foam, and living cells 
in undifferentiated tissues. 

The problem of closest packing sug­
gests the opposite question: vVhat is the 
loosest packing; that is, what rigid struc­
ture will have the lowest possible densi­
ty? For the structure to be rigid, each 
sphere must touch at least four others, 
and the contact points must not be all in 
one hemisphere or all on one equator 
of the sphere. In his Geometry and the 
Imagination, Rrst published in Germany 
in 1932, David Hilbert describes what 
was then believed to be the loosest pack­
ing: a structure with a density of .123. 
In the following year, however, two 
other German mathematicians, Heinrich 
Heesch and Fritz Laves, published the 
details of a much looser packing with a 
density of only .0555. Whether there 
are still looser packings is another in­
triguing question that, like the question 
of the closest packing, remains unde­
cided. 

T hIS is my Rrst opportunity to com-
ment on the Rood of interesting let­

ters that I have received regarding the 
problems presented here in February. 
Many readers sent detailed proofs that 
any obtuse triangle could be divided into 
seven acute triangles, that seven was the 
minimum number and that eight was the 
smallest number for the square. For 
readers who enjoyed those problems, 
here are two more of the same type. 
What is the smallest number of acute 
triangles into which a pentagram (a 
regular Rve-pointed star) can be divid­
ed? What is the smallest number for a 
Greek cross (a cross with arms of equal 
length) formed with Rve squares? 

Hundreds of readers found fourth-de­
gree equation solutions to the problem 
of the dog that trots around a square of 
marching cadets. The square is 50 feet 
on a side and advances at a constant rate 
while the dog moves at a constant rate 
around the perimeter. If the dog com­
pletes his round trip just as the square 
completes a 50-foot advance, how far 
has the dog traveled? I paraphrase an 
unusually clear and brief solution sent 
by Robert F. Jackson of the Computing 
Center at the University of Delaware: 

To simplify the problem, let 1 be the 
side of the square and also the time it 
takes the cadets to go 50 feet. Their 
speed will then also be 1. Let x be the 
distance traveled by the dog and also 
his speed. The dog's speed with respect 
to the speed of the square will be x-I 
on his forward trip, VX2 - Ion each of 
his two transverse trips, and x + 1 on 
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MYLAR® helps improve product performance ... cut costs 

TV producers can cut studio time ... eliminate costly processing by using video recording tape made with "Mylar". 

Tough, thin Du Pont MYLAR helped solve a problem 

in developing video recording tape for the TV industry 

Magnetic recording tape for use in elec­

tronic recording of sound and picture for 

TV broadcasting had to meet new stand­

ards of performance. The tape-called 

video recording tape-had to be thin 

enough to make intimate contact with 

revolving recording heads, yet tough 

enough to withstand relative recording 

speeds of 1,500 inches per second! 

Alert ta pe manufacturers filled this need 

by using Du Pont "Mylar"*polyester film 

as the base for video recording tape. 

"Mylar", which had already proved its 

reliability in missile tracking and data 

computing, provided the necessary 
strength and toughness in thin gauges to 

"Mylar" has high strength. With an aver- �U p 0 N� age tensile strength almost Ya that of mao � !W 
chine steel, "Mylar" takes the crushing im- �E".U.S.P"T.oFf, 

pact of fast traveling bowling ball. BETTER THINGS fOR BETTER lIVING ... THROUGH CHEMISTRY 

meet the exacting demands of TV re­

cording equipment. 

This is but one of the many ways 

"Mylar" is helping industry improve 

product performance, develop new prod­

ucts and lower costs. Electric motors, for 
example, can be made smaller and more 

efficient with insulation of "Mylar". 

Manufacturers of electrical cable can cut 

material costs by using tough, thin 
"Mylar" as a core binder. 

For additional information, write to­

day for our new booklet. E. 1. du Pont 

de Nemours & Co. (Inc.), Film Dept., 

Room SA-5,Wilmington 98, Del. 
*" Mylar" is Du Pont's registered trademarkt.0r its bru1)-d 
?IM;lX�,t���fint:he�Q1J��;;;�:�:df;:;et�;�� ase mutertul 

© 1960 SCIENTIFIC AMERICAN, INC



184 

Honeycomb, a critical assembly device, is one of 
many research tools developed through the coopera­
tion of Los Alamos scientists and engineers to enhance 
the Laboratory's constant quest for knowledge. 

,---------
I 
I 
I 
I 
I 
I 
I 

For employment 
information write: 
Personnel Director 

Division 60-50 

his backward trip. The circuit is com­
pleted in unit time, so we can write this 
equation: 

1 2 
+ --­

'/x:! -1 + 

1 
=1 

x + 1 

This can be expressed as the quadratic 
equation: x" - 4x" - 2x2 + 4x + 5 = O. 
Only one positive real root is not extran­
eous: 4.18112+. We multiply this by 50 
to get the desired answer: 209.056 + feet. 

Theodore W. Gibson of the University 
of Virginia found that the first form of 
the above equation can be written as 

follows, simply by taking the square root 
of each side: 

1 1 
+ --= 1 x-I x+1 

This is remarkably similar, Gibson 
pointed out, to the equation: 

1 1 
+ = 1 \/x + 1 

It solves the first version of the prob­
lem, in which the dog does not circle the 
square but simply trots from the rear to 
the front, then back to the rear again. 

�st month we asked if it was possible 
for a player, in less than 10 moves, 

to win a game of reversi by eliminating 
all enemy pieces. The answer is yes. The 
game outlined below (known as the 
«fool's mate" of reversi) is won by Red 
on his eighth move. (Squares of the 
checkerboard reproduced last month 
were numbered left to right.) 

Black now has a choice of eight cells, 
but in every case Red can eliminate all 
black pieces on his next move. 

RED 

28 
---.. 

36 

3 22 

4 43 

5 20 

6 19 

7 45 

BLACK 

29 
._---- ,-.. . �- � 

37 
-----
35 

21 
--' --�-'" .. �'".-.-

27 

44 
"-.�-.---

The answer 10 a problem of reversi 
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TO THE ENGINEER 
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AE Series WQA 
Quick-Acting 

Wire-Spring Relay 

a • 

who wants to transfer 51 circuits simultaneously 

AE 
CAN 
DO 

If you need simultaneous transfer of a large 

number of circuits without fail, take a look at 

AE's new WQA relay. It will do the work of 

four or more heavy-duty, general-purpose 

relays each with maximum spring pile-ups, 

and sustain 50 million or more operations 

without readjustment. 

In the WQA relay, all moving springs pass 

through holes in a unique actuating "card." 

Moved directly by the armature, the card in 

turn actuates all the moving springs. This 

method of operation pre-establishes exact 

timing and sequence of all spring operations, 

and at the same time assures perfectly syn-

chronized "break-before-make" on all circuits. 

Contact capacities on WQA relays can be 

custom-tailored to your needs, with either 

one, two or three levels of contact assemblies 

available, each with a capacity of 17 Form C 
combinations. Other Forms available. 

Our circuit engineers will be pleased to work 

with you in adapting the WQA to your spe­

cific design. Or, if you wish, they'll take on 

the complete packaging job. 

If you'd like more information on the WQA 

relay, address your request for Circular 

1957 to: Director, Control Equipment Sales, 

Automatic Electric, Northlake, Illinois. 

AUTOMATIC ELECTRIC 
---

Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 
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Ho'\t\T to take a longer look 
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at air space 

The problem. presented to Hughes engi­
neers: Build an airborne navigation, target 
acquisition, arm.am.ent control system. of 
far greater dim.ension than ever before. 

Hughes engineers solved this challenging problem 

with several important state-of-the-art advances. One 
of the most significant was the development of a 

unique and highly advanced Traveling Wave Tube. 

This tube's two outstanding advantages: 1) higher 

power to provide greater range; 2) broader fre­

quency band width for greater operational flexibility. 

In addition, Hughes engineers designed a radar sys­

tem that will discriminate against ground return and 

will detect targets at extreme ranges. Designed to 

operate in a "hard" counter-measures environment, 

the radar system was augmented with infrared detec­

tion and tracking. 

This, and many other Hughes activities in virtually 

every area of advanced electronics provide the far­

seeing engineer with a wide choice of interesting 

assignments. 

A few representative project areas include: advanced 

data processing systems, molecular electronics, 

FRESCANAR is a Hughes development that gives 
umbrella-like radar protection. It positions radar beams 
by electronic rather than mechanical means. 

The development of advanced electron tubes is just one 
of the m any projects now under way at the Hughes 
Research Laboratories in Malibu, California. 

hydrofoil systems, anti-submarine warfare systems, 

advanced 3-D surface radar systems, space vehicles, 

nuclear electronics, miniaturized communication sys­

tems, ballistic missiles, infrared devices-and a great 

many others. 

The commercial activities of Hughes have many 

interesting assignments open for imaginative engi­

neers to perform research, development, manufactur­

ing of semiconductors, storage tubes, microwave 

components, radiation devices, and microwave tubes. 

Whatever your field of interest, you'll find Hughes' 

diversity of advanced projects gives you widest pos­

sible latitude for professional and personal growth. 

Newly instituted program8 at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Electroluminescence 

Infrared 

Solid State Physics 

Digital Computers 

Reliability & Quality Assurance 

Systems Design & Analysis 

R F Network Engineering 

Microwave & Storage Tubes 

Communications Systems 

Inertial Guidance 

Field Engineering 

Circuit Design & Evaluation 

Write in confidence to Mr. R. A. Martin 

Hughes General Offices, Bldg. 6-F5. Culver City. Calif. 

Creating a new world with ELECTRONICS 
r----------------------i 
I I 

i HUGHES i 
I I L ______________________ � 

HUGHES AIRCRAFT COMPANY 
Culver City, EI Segundo, Fullerton, Newport 

Beach, Malibu, Oceanside, Santa Barbara and 

Los Angeles, California; Tucson, Arizona 
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/rgonne <::'TI O NA L- L- A B O R ATO RV �. Operated by the Un iversity of Ch icago under  a 
contract with the Un i ted States Atomic  Energy Commiss ion  

D i re c t  I n q u i r i e s  to : 

Lo u i s  A. T u r n er,  D e p uty D i rect o r  

9700 S o u t h  C a s s  A v e n u e - X4 

A rg o n n e ,  I l l i n o i s  

Fac et s of 
C o rr o s ion 
Re s e arch 
S c i e n t i s t s  i n  A r g o n n e ' s  M e t a l l u r g y  

D ivision are devoting time a n d  energy 

to fundamental studies which shed new 

light on the mechanisms of corrosion of 

film-forming metals in pure water. Em­

ploying the basic research approach , a 

number of apparently fruitful avenues 

to tangible results are being explored . 

The Electron M icroscope reveals that 

corrosion fi lms can exhibit  structural  

complexity n o t  otherwise discovere d .  

For example, under certain conditions 

the o x i d e  film o n  a n  a l u m i n u m  a l l o y  

grows a s  the complex maze of crystal fila­

ments shown here. In another approach , 

a specially designed instrument measures 

polarized potentials and reveals details 

of corrosion processes. The accompany­

ing polarization curves for pure alumi­

num in boiling water show the effect of 

the amount of electricity passed in the 

measurement.  

Staff positions are available both at 
the site near Chicago , I l l inois  and 
the site near Idaho Falls, Idaho for 
qualified physical metallurgists, chem­
ical engineers, physicists, mecham:cal 
engineers, metallurgical engineers, 
chemists, electrical engineers, mathe­
maticians, technical writers .  

POLARIZATION O F  ALUMI N U M  IN BOI LI N G  WATER 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Can an amateur perform experi­
ments that involve the use of 
radioactive isotopes? Many ama­

teurs who have wanted to undertake 
such experiments have assumed that 
they could not, because the isotopes 
themselves could not be obtained. Not 
so. To obtain a substantial quantity of 
radioactive material requires a license 
from the Atomic Energy Commission, 
but amateurs can buy tiny amounts of 
many radioactive isotopes without a li­
cense and at modest cost. Sixty-five 
radioactive isotopes can now be pur­
chased without a license, among them 
the biologically useful isotopes phos­
phorus 32, iodine 131, calcium 45, so­
dium 22 and zinc 65. In general the 
amount of each isotope in any one pur­
chase is restricted to 10 microcuries. 
Among the exceptions are carbon 14, 
iron 55, manganese 56 and sulfur 35, 
which are dispensed in quantities of up 
to 50 microcuries. The isotope is usually 
shipped as a dry, water-soluble com­
pound in a small bottle. The contents 
of the bottle weigh only a few trillionths 
of a gram; indeed, the bottle appears to 
be empty. By adding a prescribed 
amount of water to the bottle one ob­
tains the isotope in a solution that is cali­
brated with fair accuracy. 

In one microcurie of any radioactive 
substance nuclear disintegrations occur 
by definition at the rate of 37,000 per 
second. A 10-microcurie supply of an 
isotope should thus provide enough 
material for several experiments. A num­
ber of commercial suppliers make up kits 
designed for specific projects such as the 
study of soil characteristics, for biologi­
cal investigations or for a series of ex­
periments in nuclear physics. 

With a supply of radioactive isotopes 
and some homemade apparatus one can 
observe the effects of nuclear processes, 

How the amateur can perfonn experiments 

that call for the use of radioactive isotopes 

measure the half-life of the isotopes, 
study the utilization of nutrients by 
plants and animals, analyze the proper­
ties of metals and make a variety of 
physical measurements. In the following 
discussion John H. Woodburn of the De­
partment o
'
f Education at Johns Hopkins 

University describes some elementary 
experiment.s and how to perform them. 

Woodburn writes: "If you already 
know something about atoms, you can 
skip the next few paragraphs. Even if 
you have read about atoms, however, a 
review of their principal characteristics 
may prove helpful. A particularly nice 
description of the atom is presented by 
the late Wolfgang Pauli in World of 
Life: 'If an atom could be magnified to 
the size of a house, it would probably 
look something like a great soap bubble, 
except that its outlines would be so hazy 
and indistinct that it would be impossi­
ble to tell just where the borders of the 
atom were. Within the misty outer shell 
would appear other more or less concen­
tric or interlocking shells, each as hazy 
as the outer one. Deep in the center of 
this shimmering mass would be a denser, 
more solid looking structure, the nucle­
us, no larger than a dot. Most impres­
sive, perhaps, would be the vast empti­
ness of the atom, a characteristic which 
it shares with all the universe around it. 
It is strange indeed to realize that man 
and all living things, the earth, and all 
the universe are constructed of such 
empty and seemingly fragile structures. 
It has been estimated that if all the atom­
ic constituents of the human body could 
be packed together tightly, eliminating 
the spaces between them, they would 
be no larger than a grain of sand. 

" 'The planetary electrons,' Pauli con­
tinues, 'which revolve around the nu-

cleus must be visualized as endowed 
with a smashing, driving energy. Even 
in this house-sized atom, they would re­
volve in their orbits with such incon­
ceivable speed that they would not be 
recognized as separate units, but would 
give the illusion of thin, transparent 
shells, as unreal as the disk described by 
the whirling blades of an electric fan. 
If their speed could be reduced so that 
they could be made visible, they might 
become vaguely outlined as intensely 
vibrating "objects" no larger than pin­
points; not solid but rather, says modern 
physics, whirlpools of energy, foci of 
energy, or similar intangible units!' 

"To Pauli's picture of these gossamer 
shells 'endowed with a smashing, driving 
energy,' we must add a reservoir of far 
greater energy at the site of the nucleus. 
Some nuclei disintegrate spontaneously; 
they emit particles of matter that are 
sometimes accompanied by electromag­
netic waves. The process changes the 
number of protons in the atom; in effect 
a new atom is born. When part of the 
nuclear substance of the radioactive iso­
tope phosphorus 32 is ejected as an elec­
tron, for example, the residue is a non­
radioactive atom of sulfur 32. If you 
begin an experiment with phosphorus 32 
and expect subsequent chemical tests to 
show only this element, you are in for a 
surprise. At the end of two weeks you 
will have as much sulfur as phosphorus! 
This is another way of saying that the 
half-life of phosphorus 32 is two weeks. 

"Bundles of energy ejected by disinte­
grating nuclei in the form of electro­
magnetic waves or particles provide use­
ful signals for locating radioactive atoms. 
It is for this reason that radioactive iso­
topes are often called tracers. Before 
they disintegrate, radioactive atoms are 

Successive autoradiographs of disks containing phosphorus 32 (horizontal) and iodine 131 
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chemically indistinguishable from their 
nonradioactive counterparts. Phosphates 
containing phosphorus 32, for example, 
are taken up by growing plants just as 
readily as those containing the nonradio­
active isotope phosphorus 3l. However, 
when any atom of phosphorus 32 in the 
phosphate disintegrates, it sends out a 
powerful signal, and these signals make 
it possible to follow the life processes of 
a plant in some detail. 

"It is well known these days that the 
radiations of disintegrating atoms can 
damage living tissue and even kill living 
organisms. How, then, is it possible to 
use radioactive isotopes for tracing life 
processes? Do they not injure the experi­
mental plant or animal, induce abnor­
malities and lead the experimenter to 
false conclusions? It turns out that 
atomic bullets, whether in the form of 
waves or particles, can go through ap­
parently solid stuff without disturbing 
it-without 'leaving a hole.' What is 
meant by 'leaving a hole'? Suppose one 
shoots a rifle bullet through a flock of 
geese on the wing. To make a hole in 
the flock, must a bullet actually hit a 

goose? If this is what is meant, it must 
be remembered that atoms are made up 
of a few very small 'geese' flying around 

An autoradiograph showing the different amounts 0/ sulfur 35 taken up by various plants in flocks that are distributed through a 
relatively immense volume of empty 
space. The average atom is composed of 
one part 'goose' to 10 trillion parts of 
space! This means that if we were to 
shoot a goose-sized bullet at the center 
of the atomic flock, we would have one 
chance in 10 trillion of hitting a goose, 
or that conversely we would have to 
shoot 10 trillion bullets to be reasonably 
certain of hitting a goose. So the proba­
bility is high that a radioactive tracer 
will not seriously injure a normal plant 
or animal, particularly if one is sparing 
in the use of radioactive material. 

"The half-life of many radioactive iso­
topes is measured in minutes or days. 
That of iodine 131, for example, is 8.08 
days; of phosphorus 32, 14.3 days; of 
barium 137, 2.6 minutes. Thus in the 
interests of economy the experimenter 
would be well advised to plan his experi­
ments in advance of purchasing his 
radioactive material; otherwise he runs 
the risk of losing the material before the 
experiment is completed. By careful 
scheduling I have done as many as 40 
experiments with a kit consisting of 10-
microcurie quantities each of phos­
phorus 32, iodine 131, zinc 65, and 50 
microcuries of sulfur 35. 

"The power and convenience of the 

tracer technique are easy to demonstrate. 

Suppose you want to know whether dis­

An alttoradiograph showing the different amounts 0/ iodine 131 taken lip bv various plants solved salt (sodium chloride) is caught 

190 

© 1960 SCIENTIFIC AMERICAN, INC



up in the ice crystals of a freezing solu­
tion. If some of the sodium is in the form 
of the radioactive isotope sodium 22, 
you merely hold an ice cube close to a 
Geiger counter. If you have no counter, 
melt the ice, dip a disk of paper in the 
water, and after the paper has dried 
place it in contact with a piece of Plus X 
photographic film for 24 hours. (This 
must be done in a darkroom to prevent 
exposure by light.) Or suppose you are 
interested in the efficiency of fractional 
crystallization or distillation. A radio­
active tracer will serve as a convenient 
tool to show if a particular element 
stayed (or went) where you think it did. 
Similarly you can determine whether 
one element or another in a chemical 
reaction formed the 'insoluble precipi­
tate.' Another interesting question : Does 
the metal that is deposited during a par­
ticular electroplating process come from 
the bath or from the anode? To learn the 
answer check the anode for radioactiv­
ity, with either a Geiger counter or pho­
tographic film. If the anode is not radio­
active, add a radioactive isotope of the 
same metal to the bath, plate a sample 
object and check it for radioactivity. A 
negative result would indicate that all 
the plated atoms come from the anode. 

"To make these experiments and the 
more advanced ones described below, 
you should provide the facilities neces­
sary for developing photographic film 
and either buy or build a Geiger counter. 
The detection of radioactivity by photo­
graphic film (autoradiography) dates 
from the accidental observation in 1896 
by Henri Becquerel that a piece of 
uranium ore lying near a photographic 
plate darkened the plate even though 
the emulsion had been shielded from 
light by opaque paper. The basic princi­
ple underlying autoradiography is that 
alpha particles, beta particles, gamma 
rays and certain other nuclear radiations 
ionize molecules along their path. This 
ionization leads to the chemical reduc­
tion of the silver atoms in the salts con­
tained by the emulsion, in much the 
same way that light acts on the salts. 

"The quality of autoradiographs, that 
is, the clarity with which they show the 
distribution of radioactive isotopes, de­
pends on a number of variables, includ­
ing the distance between the emulsion 
and the specimen during exposure, the 
intensity of the exposure, the type of 
emulsion used and the care taken in 
processing the emulsion. In general the 
resolution, or sharpness of the image, 
improves as the emulsion and specimen 
approach direct contact. The location of 
radioactive material on the surface of a 
Hat plate can be determined with con-
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siderable preCISIon, for example, by 
simply pressing a sheet of emulsion firm­
ly against the plate. A reasonably 
good autoradiograph can similarly be 
made of a leaf that has taken up radio­
active material. If the leaf is a thick one, 
however, radiation from the part of the 
leaf that is not in direct contact with the 
emulsion will strike the emulsion at an 
angle. In consequence the edges of the 
autoradiograph will appear diffuse. With 
many specimens it is necessary to sepa­
rate the specimen and the emulsion by 
an inert barrier to prevent chemical reac­
tion between the silver salts and the 
specimen. For this reason plant and ani­
mal tissues are commonly wrapped in a 
thin sheet of plastic such as Saran or 
cellophane. The resulting image loses 
sharpness, of course, in proportion to the 
thickness of the protective covering. 

"Occasionally it is ne<;:essary to make 
autoradiographs of rough objects or 
those of irregular shape. Here one can 
strip the emulsion from its backing and, 
while it is moist, press it against the 

specimen. Emulsions that are easily de­
tached from their backing material are 
employed in the photoengraving indus­
try and can be procured through a dealer 
in commercial photographic supplies. 
Special developing processes are usually 
specified by the supplier for each type of 
emulsion and should be followed care­
fully for optimum results. Exposure 
time varies both with the energy of the 
radiation and with the rate at which it 
enters the emulsion. Optimum exposure 
time is determined by trial and error. 

"Autoradiographs are especially use­
ful to the amateur because they give him 
plenty of time and require very little 
radioactive material. But they permit 
only rough estimates to be made of the 
radioactivity present in a specimen. Pre­
cise measurements require the use of an 
instrument that can be calibrated, such 
as the Geiger counter. An excellent 
Geiger counter can be assembled from 
commercial parts for about $25. As with 
photographic emulsions, the senSing ele­
ment of the instrument, the Geiger tube, 
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takes advantage of the ionizing proper­
ties of alpha, beta and gamma rays. The 
most efficient Geiger tubes contain a 
mixture of two or more gases under 
moderately low pressure in an electric 
field of several hundred volts. The field 
is maintained between coaxial elec­
trodes; usually one electrode is a cylin­
der of thin metal and the other a wire on 
the cylinder's long axis. The wire is made 
electrically positive and the cylinder 
negative. When a penetrating ray or par­
ticle dislodges an electron from a mole­
cule of gas, the dislodged electron is 
strongly accelerated by the electric field 
toward the anode and quickly acquires 
sufficient velocity to dislodge other elec­
trons from the molecules in its path. 
These electrons are similarly accelerated 
toward the anode, and thereby acquire 
sufficient energy to ionize still other 
molecules. An avalanche of electrons 
thus develops. Within a few microsec­
onds the swarm of electrons enters the 
anode and flows through the external 
circuit as a pulse of current. 

"The pulse may be amplified to actu­
ate a headphone, a meter or a counter. 
Meanwhile the positive ions formed by 
the radiation are accelerated toward the 
cylindrical cathode. If permitted to strike 
the cathode, these energetic ions dis­
lodge electrons from it and thus initiate 
a series of avalanches that paralyze the 
tube. This is prevented by introducing 
into the tube a 'quenching' vapor: a 
small quantity of alcohol or a halogen 
such as bromine. The accelerated ions 
collide with and give up energy to the 
molecules of the quenching vapor; they 
usually acquire an electron during the 
encounter and thus become passive. In 
the case of organic quenchers such en­
counters result in the permanent disso­
ciation of the quenching molecules; on 
the average a billion molecules of alco­
hol are dissociated per count. In conse­
quence the useful life of the tube is lim­
ited to about 100 million counts. Halo­
gen molecules, on the other hand, are 
merely raised to an excited state by such 
collisions and return to their low-energy 
state within 24 hours. 

"In theory the life of halogen­
quenched tubes is unlimited, but in prac­
tice they must be replaced after about 10 
billion counts. The electrodes of most 
Geiger tubes are enclosed by a glass en­
velope so thin that it can barely with­
stand the difference in pressure between 
its gas and that of the atmosphere. Thick 
glass would block the entry of low-energy 
particles. For this reason Geiger tubes 
are among the most fragile items of sci­
entific apparatus. An eggshell is strong in 
comparison with the tubes used in the 

but war's a game 
"But war's a game," said William Cow­
per, "which, were their subjects wise, 
Kings would not play at." Yet, wisdom 
apart, a necessary game and best played 
well to avoid defeat. This is why techjops 
is now in the forefront of computer war 
gaming pioneering-for the U. S. Army 
Continental Army Command, for Head­
quarters, U. S. Air Force, and for the 
U. S. Navy, as well as applying gaming 
techniques to industrial problems such as 
loading and scheduling for the Matson 
Navigation Company and other business 
sponsors. Appointments are available at 
all locations for experienced systems and 
operations analysts, and computer pro­
grammers, and for theoretical and experi­
mental physicists at Burlington. 

Out of this war game pioneering, in­
volving design, evaluation, development 
of unusual applications of stochastic 
models, advanced programming systems 
and common language carriers, has grown 
a fascinating book by teci!jops: THE 
GAME OF WAR, a history of the high­
lights of war games from the first chess 
of 3,000 years ago to modern computer 
gaming, illustrated with authentic war­
riors from the ancient Greeks to modern 
times. For your free copy write to Robert 
L. Koller: 

Technical Operations, 
Incorporated II CF · ·f+ �entral Research Laboratories � 
Burlington, Massachusetts 

WASHINGTON, O. C . •  MONTEREY, CALIFORNIA 
FORT MONROE, VIRGINIA . HONOLULU, HAWAII 
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solves another 
production bottleneck 

Ames Rubber Company, of Hamburg, 
New Jersey, assembles the erector par­
allax tube for the Redfield Gunsight 
Company's "Bear Cub Scope," a pre­
cision telescopic rifle sight. 

In it, two concentric aluminum tubes 
are bonded to a neoprene ring. 

Vulcanizing the ring in place re­
quired complex jigs, long curing times. 
Labor and material costs were high. 
Concentricity tolerances were fre­
quently exceeded, with a resulting high 
rejection rate. 

Fast-setting, high-strength Eastman 
910 Adhesive solved their problem. 
Now the part is assembled in 2 min­
utes, goes to the shipping room within 
5 minutes. 

Over 50,000 units have been pro­
duced with no reports of bond failure. 

Eastman 910 Adhesive is making 
possible faster, more economical as­
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require­
ments involve joining small surfaces, 
complex mechanical fasteners or heat­
sensitive elements. 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. When 
spread into a thin film between two 
surfaces, light manual pressure triggers 
setting. With most materials, strong 
bonds are made within minutes. 

What production or design problem 
can this unique adhesive solve for you? 

Bonds Almost Instantly 

with Contact Pressure 

No Heat... 

No Catalyst ... 

For a trial quantity (lA-oz.) send five dol­
lars to Armstrong Cork Co., Industrial 
Adhesives Div., 9105 Inland Road, Lan­
caster, Pa., or to Eastman Chemical Prod­
ucts,  Inc., Chemicals Div., Dept. 5-5, 
Kingsport, Tenn. (Not for drug use) 

194 

Relative absorption of radioactive atoms by parsnip (large) and tomato seeds (small) 

most sensitive counters. Handle the 
tubes accordingly. 

"A primitive counter can be made by 
supplying voltage to a Geiger tube 
through a lO-megohm resistor and con­
necting a headphone, in series with a 
.001-microfarad capacitor, across the 
terminals of the tube. Each triggering 
particle will be heard in the headphone 
as a sharp click. Although interesting as 
a demonstration, an instrument made 
this way is of little use in experimental 
work because you are likely to hear so 
many counts that you cannot record 
them. The circuit of a self-contained, 
battery-powered counter of more ad­
vanced design is shown in the accompa­
nying diagram [page 192]. In this in­
strument current pulses from the Geiger 
tube are amplified by the vacuum tube 
in the upper part of the diagram. Suc­
cessive pulses from the amplifier are fed 
into the 250-microfarad capacitor at up­
per right. The rate at which charge ac­
cumulates in the capacitor is determined 
by the frequency of the current pulses. 
The capacitor discharges through a mi­
croammeter calibrated in counts per 
minute. The circuit includes provision 
for a headphone so that the counts can 
also be monitored by ear. The entire as­
sembly, including the batteries, can be 
housed in a box three inches wide, four 
inches high and six inches long. The 
counter tube should be protected by an 
appropriate length of rigid plastic tub­
ing. If you have no experience in assem­
bling and wiring electronic components, 
look up a neighboring radio amateur. 
One or more will be found in every com-

munity, and I have yet to meet one who 
has not welcomed the opportunity to 
lend a hand. It is possible to add an ac­
cessory to this instrument for registering 
total count during a specified interval. 
This provision more than doubles the 
cost, however, and is not essential for 
the experiments I shall describe. 

"The relative merits of the autoradio­
graph and Geiger-counter techniques 
can be demonstrated by an experiment 
designed for determining the half-life of 
a radioisotope. Iodine 131, with a known 
half-life of 8.08 days, makes a conven­
ient specimen. To determine its half-life, 
first add 10 milliliters of distilled water 
to the bottle containing 10 microcuries 
of the isotope, replace the cap on the 
bottle and swirl the contents gently for 
a few minutes. (Incidentally, a one-mi­
crocurie-per-milliliter solution is a con­
venient dilution for many experiments.) 
Now with a punch of the kind used for 
perforating notebook paper cut two disks 
from a sheet of blotting paper and 
transfer two drops of the solution to each 
disk. Dry the disks, cement them to 
cardboard, label them with the name of 
the isotope, date the card and wrap it 
with a single sheet of thin plastic. Next, 
switch the Geiger counter to its most 
sensitive pOSition and move the card to­
ward the counter tube until the meter 
shows a deflection of approximately 80 
per cent of the full scale. A wooden fix­
ture is now made for holding the card 
and counter tube at this empirically de­
termined distance. The fixture must be 
deSigned so that card and tube can be 
returned precisely to their respective po-
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J. A. Lesk, Univ. of Alberta, B.Sc. 1948; Univ. of Illinois Ph. D. 1951. Joined General Electric in 1951. Holds patents on unijunction transistor 

and tetrode. Has published material on diffused-meltbock, minicrystal, diffused shot-melt processes, PNPN switches and tunnel diodes. Now 

working on advanced semiconductor devices and techniques. 

nWe're looking for the spark of originality • • •  " 

says Arnie Lesk of G.E.'s Advanced Semiconductor Laboratory 
"General Electric places a high premium on crea­

tive ingenuity-the ability to recognize and bring 

under practical control useful applications which 

are made possible by technical research, either 

one's own or that of others. 

"In the G-E Semiconductor Products Depart­

ment we enjoy great freedom in choosing areas in 

which to work. Equipment and facilities are excel­

lent. Encouragement to publish results of original 

work in technical journals is outstanding, perhaps 

even unique in the industry." 

• 

This is the kind of creative environment you will 

find at G.E.'s Semiconductor Products Department. 

Unusual opportunities are now open for chemical, 

electrical, mechanical and metallurgical engineers, 

physicists and physical chemists (B.S. through 

Ph.D.) at all levels of experience. U. S. citizenship 

is not required. Semiconductor experience is desir­

able but not essential. Assignments are in the fields 

of semiconductor applied research, device design 

and process development. 

You'll live in the heart of New York's famous 

Vacationland-adjacent to the famed Finger Lakes 

region, the Thousand Islands and Adirondack 

Mountains. Liberal benefits include tuition refund 

for graduate studies at Syracuse University. Write 

in complete confidence to Mr. M. D. Chilcote, 

Division T50. 

GENERAL . ELECTRIC 
Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 
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WHAT KIND 
OF 

CAN I 
EXPECT ON 

OUR 

• service 
• micro-

scope? 
This is a common 
question asked by 
new and prospective 
owners of any 
microscope. 

Owners, present and 
prospective, of any 
WILD Microscope, 
are assured of fast 
service and fast return 
of the instrument 
... often overn i ght. 

Most important: 
Only WILD trained 
selected technicians, 
with many years' 
experience in 
WILD Microscope 
construction and 
assembly, are per­
mitted to service 
your instrument. 

FULL FACTORY SERVICES 
¢The FIRST name in 

Surveying Instruments, 
Photogrammetric Equipment 
and Microscopes 

INSTRUMENTS, INC. 

Main at Covert Street • Port Washington, New York 

Part Washington 7·4843 
In Canada 

Wild of Canada ltd., 157 Maclaren St., Ottawa, Ontario 
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sitions whenever desired. The instru­
ment reading is then recorded, along 
with the date. 

"Next the card is placed in contact 
with a sheet of film and weighted down. 
A similar card is prepared on the follow­
ing day, its rate of count is measured 
and it is placed in contact with the film. 
This is repeated every day for two weeks. 
Each film is exposed for 12 hours and 
then developed. When all films have 
been developed, the tabulated readings 
of the Geiger counter are plotted as the 
ordinate on semilog graph paper against 
the time in days (in intervals of equal 
length) on the abscissa. If the intervals 
of the log scale are numbered from 0 to 
1, a horizontal coordinate drawn from .5 
on the ordinate to the graph and a per­
pendicular dropped from this point of 
intersection to the abscissa, will show 
the half-life of the isotope. Compare the 
slope of the graph with the gradually 
diminishing intensity of the autoradio­
graphs. Do not be too disappointed if the 
half-life as indicated by your initial ex­
periment fails to agree with the known 
value. You will come closer with prac­
tice. 

"As a variation of the experiment you 
can put a pair of disks on each card, one 
pair charged with iodine 13l and the 
other with phosphorus 32 Lsee illustra­
tion on page 189]. Solving the resulting 
graph for the half-life of each radioiso­
tope is an intriguing problem. In inter­
preting the data remember that the beta 
particles from phosphorus 32 are more 
likely to reach and trigger the Geiger 
counter than are the lower-energy par­
ticles of iodine 131. The analysis is fur-

ther complicated by the fact that the 
disintegration of radioactive iodine is ac­
companied by the emission of both a 
beta particle and a gamma ray. The 
gamma ray travels through a much 
greater thickness of air before expend­
ing its energy than does the beta parti­
cle, but only a small percentage of gam­
ma rays trigger a count. 

"The application of radioisotopes for 
measuring physical quantities such as 
thickness can be demonstrated by a sim­
ple experiment based on the absorption 
of beta rays. A source of penetrating beta 
rays, such as those emitted by phos­
phorus 32, is placed at that distance 
from the counter tube which drives the 
meter to full scale. A rubber sheet of 
known thickness is then placed between 
the source and counter tube and the 
count recorded. Several additional sheets 
are then added successively to the first, 
the count being recorded for each added 
sheet. The known thickness of the sheets 
is then plotted against the respective 
rates of count. One or more sheets may 
then be stretched. The unknown thick­
ness of the stretched rubber is deter­
mined by referring the observed reading 
for the stretched sheets to the graph. 
Rubber stock for the experiment may be 
cut from an old inner tube. 

"Tracers have become powerful tools 
in biological experiments for probing 
such matters as the distribution of a 
given element in the structure of a grow­
ing plant. For example, some familiar 
house plants have leaves that are partly 
green and partly white; is phosphorus 
more likely to be deposited in the green 
portion of the leaf than in the colorless 

Distribution of sulfur 35 in leaves of dandelion (left), clover (middle) and mustard (right) 
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How to handle installations in the field 

... without spreading your engineering 
staff too thin 
Contract Engineering and Installation by Philco TechRep 
Division extends your capability to operating facilities in 
the field. Your engineering staff is not burdened with 
excessive travel or the problems of installation ... you don't 
have ro worry about the availability of competent engineers 
and technicians ... yet you never lose control of quality. 

With over 3,000 experienced field engineers devoted 
solely to Contract Technical Services on all makes and types 
of equipments and systems, Philco TechRep's global man­
agement organization selects top technical talent ideally 
qualified for your specific project ... directly responsi­
ble to you. 

Whether it's for a single installation, or as your accredited 
field engineering organization, the team assigned will be 
fully qualified to assume comrlete management responsi­
bility, or to handle any part 0 the job, from site survey to 
acceptance testing and turnover ... including all associated 
construction and building. 

information on Philca TechRep Contract Engineering and Installation, please contact: 

TechRep Division, "C" and Ontario Sts., P. 0_ Box 4730, Philadelphia 34, Po. 

ILCO® TECHREP DIVISION 
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Kelvinator Division of American Motors 

switched from hand spray to RANSBURG 
No. 2 PROCESS Electro-Spray to meet 

increased production schedules . . . im­

prove the quality of the finish ... and 

lower finishing costs. 

SAYINGS EXCEEDED EXPECTATIONS 

Demonstration tests in the Ransburg 

labs indicated substantial savings in fin­

ishing costs, but in actual production, 

SAVINGS ARE EVEN GREATER than esti­

mated. That's why Kelvinator is now 

considering RANSBURG Electrostatic 

Spray Painting for other products of their 

"white goods" line: Refrigerators . . . 

Home Freezers ... Ice Cream Cabinets 

. . . Electric Ranges, as well as some 

components. 

NO REASON WHY YOU CAN'T DO IT, TOO! 

Want to know how Ransburg No.2 Process can 

improve the quality of YOUR painted products, and 

at the same time, cut YOUR paint and labor costs? 

Write for our No.2 Process brochure. Or, if your 

production doesn't justify automatic painting, let 

us tell you about the new No.2 Process Electro­

static Hand Gun which can be used in either can-

veyorized,or non- con­

veyorlzed painting. 

RANSBURG 
Elec1:ro-Coa1:ing Corp. 
80x-23122, Adv. Dept., Indianapolis 23. Indiana 
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Distribution 0/ sulfur 35 in growing tomato seedlings 

portion? To study this question the roots 
of a plant with such leaves were placed 
in 30 milliliters of water containing one 
microcurie of phosphorus 32. Individual 
leaves were removed after one, two, 
three, four and five hours, laid on a 
sheet of cardboard, wrapped with plastic 
film, placed in contact with X-ray film 
in light-proof envelopes and pressed un­
der a book for 10 hours. No radioactiv­
ity was apparent on the developed film. 
When the experiment was repeated and 
the film was exposed for 24 hours, how­
ever, radioactive phosphorus was de­
tected in all the leaves. There was no 
difference in the amount of phosphorus 
taken up by the green and by the white 
portions of the tissue. It should be inter­
esting to try this experiment with iso­
topes of other elements and to vary the 
light, temperature and other conditions 
under which the plants are grown. 

"Do plants of various species differ in 
their absorption of the radioactive iso­
topes sulfur 35 and iodine 131? Plants 
of six different species were placed in 
separate solutions of 20 milliliters of wa­
ter, to each of which one microcurie of 
sulfur 35 and one of iodine 131 had 
been added. The accompanying autora­
diographs [page 190] show the relative 
absorption of each of the species after 
they had been in the solutions for 29 

hours. As noted earlier, it is difficult to 
gain quantitative data from autoradio­
graphs, particularly when two isotopes 
are combined that emit beta rays of dif­
fering energies. The beta particles from 
sulfur 35 have scarcely enough energy 
to penetrate the tissues of the plant, but 
the radiations from iodine 131 are capa­
ble of exposing the emulsion strongly 
even though they originate deep within 
the plant tissue. 

"Tracer isotopes may also be used to 
follow the transport and utilization of 
nutrients during the germination and 
development of seeds into young plants. 
In one procedure thin disks cut from 
sponge are floated on a dilute solution 
containing the isotope, and a few seeds 
are 'planted' on the disks at regular time 
intervals, say every five days, until the 
first seeds planted develop into seed­
lings. All specimens are then removed, 
washed briefly, dried and mounted on 
cardboard for exposure. Autoradio­
graphs made by exposing no-screen X­
ray film for 10 to 20 hours will show 
when and where a specific nutrient mi­
grated during the growth process. A typ­
ical autoradiograph made in this way 
appears in the accompanying illustration 
[page 194]. Observe the variation in the 
absorption of sulfur 35 [left column], 
calcium 45 [middle colu111n] and phos-
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NASA announces . .. 

THE TRANSFER OF THE DEVELOPMENT 
OPERATIONS DIVISION OF THE ARMY BALLISTIC 
MISSILE AGENCY TO THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 

Dr. Wernher von Braun, director of the new NASA Marshall Space Flight Center in Huntsville, Ala., pictured with NASA's Mercury Astronauts 

Dr. Wernher von Braun and his space team join NASA 
The National Aeronautics and Space Ad­

ministration leads the nation's efforts to 
find, interpret and understand the secrets of 
nature as they are revealed in the laboratory 
of space. 

This vigorous effort requires boosters for 
space vehicles which greatly exceed the 
thrust of any boosters currently available. 
For this reason, the $100 million Huntsville 
plant, together with its famous space team, 
are being transferred to NASA. The new 
NASA facility in Huntsville will be known 
as the George C. Marshall Space Flight 
Center. 

NASA is now the largest civilian research 
organization in the United States. For details 
about outstanding professional opportuni­
ties, address your inquiry to the Personnel 
Director of any of these NASA centers: 

NASA Goddard Space Flight Center 
Washington 25, D. C. 

NASA Flight Research Center 
Edwards, California 

NASA George C. Marshall Space Flight Center 
Huntsville, Alabama 

NASA National Aeronautics and Space Administration 
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RCA Moorestown has need of a few highly 

qualified systems engineers who can 
immediately assume individual 

responsibility in the origination and 

development of complete major weapon 
systems. Advanced assignments involve 

both the optimization of the extremely 

complex Ballistic Missile Early Warning 

System (BMEWS) , and the conception 
and planning of other military systems that 

will be necessary for the future. 

For the individualistic systems engineer 

capable of envisioning both the challenges 

and requirements of tomorrow, RCA 
Moorestown provides an environment 
conducive to the utmost in creativity and 
professional advancement. Routine and 
non-technical work is assigned to others, 

while you pursue such broad activities as 
the study of future military requirements 
and their translation into specific projects 

for investigation . . .  synthesis of a 

complete system to meet the new 
requirements . . .  detailed analytical 

investigations of systems elements . . .  and 
preparation of test programs, analysis of 
test results, and re-evaluation of the 

systems concept based on these results. 

In addition, you are encouraged to publish 
in professional journals, and to participate 
in scientific seminars and conferences. 

If you are a systems engineer interested in 
individual recognition and opportunity for 
growth, we invite you to arrange a 

confidential interview with management by 
sending a resum e to: 

Mr. W. J. Henry 
RCA, Dept. V- l l E 

Moorestown, New Jersey 
(20 minutes from Philadelphia) 

� � 
RADIO CORPORATION 01 AMERICA 

MOORESTOW N  MISSilE AND SURFACE RADAR DIVISION 

phorus 32 [right column ] by parsnip and 
tomato seeds. 

"Do minerals move only upward in 
plant roots? To answer this question di­
vide the root system of a plant, say rag­
weed or clover, let half of the roots dip 
into a dilute solution of radioactive phos­
phorus and the other half into a separate 
container of plain water. After seven 
hours remove the plant, being careful to 
prevent the two halves of the root sys­
tem from touching. Blot dry and exam­
ine by autoradiography or by Geiger 
counter. ( I  found that phosphorus ap­
parently moved down into the roots that 
were immersed in plain water. ) 

"Some parts of a growing organism 
require more of a certain nutrient than 
other parts. One of the substances selec­
tively distributed is sulfur. In some cases 
the distribution follows a logical pattern. 
In others the pattern is random. The ac­
companying autoradiograph [page 196] 
is enlarged from 35-millimeter X-ray film 
that had been in contact with a portion 
of a dandelion leaf [upper left] ,  clover 
[center] and wild mustard [upper right] 
for 20 hours after the plants had been in 
a solution containing one microcurie of 
sulfur 35 for 66 hours. As a teacher I 
find that 35-mm. film is excellent for 
making autoradiographs. It is more eco­
nomical and more convenient than the 
larger sizes and, when properly used, 
yields as much information as they do. 
After exposure and development it can 
be mounted in ordinary two-by-two-inch 
slide binders for projection at meetings 
or in the classroom. Another example, 
made by following much the same tech­
nique, shows the absorption of sulfur 35 
by growing tomato seedlings [see illus­
tration on page 198 ] .  Note the uniform 
distribution of this nutrient in the very 
young plants [top] and the beginning of 
characteristic clumping in the older 
seedlin gs [bottom]. 

"This experiment, like many made 
with radioisotopes, raises more questions 
than it answers. How long do the con­
centrations of sulfur remain in these 
sites? To what specific physiological 
processes are · they related? vVhat ac­
counts for their occasional random dis­
tribution in the plant? Which of the 
other elements, if any, exhibit a similar 
tendency to clump? The design of ex­
periments to pTobe such questions can in 
itself become an engrossing enterprise. 

"In taking up this avocation you 
should never lose sight of the fact that 
you are working with potentially dan­
gerous materials. Just as corrosive acids, 
explosive salts or poisonous compounds, 
if handled improperly, can cause acci­
dents, so can radioactive isotopes. That 
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Projects illustrations up to 3" x 
3 % "  and enlarges them. No fi lm 
or negatives needed. Projects 
charts , diagrams , pictures, pho­
tos, lettering in full color or 
black-and-white. Operates on 

115 volt, A . C .  current, 6 -ft. extension cord and plug 
included. Operates on 6 0  watt bulb, not included. 
Size 12" x 8" x 4 1j:/' wide. 'Veight 1 1b.,  2 oz. 
Pla stic ca.se with huilt-in handle. 
Stock No. 70, 1 99·S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $7.95 Postpoid 

American Made­
Over 50 0/0 Saving 

STEREO M ICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, inspecting, 
small assembly work. Up to 3" work­
ing distance. Clear. sharp, erect 
image. Wide. 3 dimensional field. 2 
sets of objectives on rotating turret. 
23X and 40X. 10 Day Free Trial. 

Stock No. 8 5 , 056-S . . . . . . . . . .  $99.50 
f.o. b. Barr i ngton, N . J .  

Low i'ower Supplementary Lens Attachment for above Stereo 
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field a t  6X. 
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TRE M ENDOUS BUY!  
War Surplus American-Made 

7xSO Binoculars 
Big savings ! Brand new 1 Crys­
tal clear viewing-7 power. E v ­
ery optica l element is coated. 
An excellent night glass-the 
size reeoI11mended for satellite 
viewing. Individual eye focus. 
Exit pupil 7mm. Ap)Jl'ox. field 
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ing case induded. American 
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CLOSE OUT! MECHAN ICAL DRAWING SET 
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Our Price On ly S8.00 Pstpd. 
American mfr. couldn' t com­
pete with foreign imports­
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American- m ade. \Ve guarantee you'll be satisfied or 
money refunded. 
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24" GOOSENECK MAG N i f i E R  
WITH CLAMP-ON BASE 

A 3" diameter magnifier 
mounted on a 24" long flexible 
goosenec]i:.  Clamp it on ma­
chines, desks, workbenches, 
etc. Clamp opens to 11'%6". 

. 95 Postpaid 

60" ANTI.AI RCRAFT SEARCHLIGHT 
Ada pta b l e  to Solar  Furnace,  Research and Tracking 
Uses!  Govt. cost  $25,000 ! -I'D' u.! ,;;:.��:'"':::��. 

. .. ture metallurgical research-de-
termining qualities of refractory 

= ' 
m aterials and ceramics . . .  used by 

" Kennecott Research Center in stud-.. 
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\ ' ies seeking less costly methods of 
. , . ' extracting and refining metals. 
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See the Stars, Moon,  Planets Close U p !  

3" ASTRONOM ICAL REFlECTING TELESCOPE 
60 to 1 80 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll  see the Rings of Saturn, the fascinating planet Mars. 
huge craters on the Moon, Star Clusters, Moons of Jupiter tn 
deta i l ,  Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high-speed f / l 0  mirror. 
Telescope comes equipped with a BOX eyepiece and a mounted 
Barlow Lens, giving you 60 to 180 power. An Optical Finder 
Telescope, always so essential, is also included. Sturdy, hard­
wood. portable tripod. 

P h otog raphers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 1 7 -year·old student. 

FREE with Scope:-ValUable STAR C H A R T  plus 2 7 2  page " H A N D  .. 
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adjustment follows stars! Aluminum tube. 
6 powel' finder telescope. 2 standard size 
eyepieces and mounted Barlow lens give 
you powers of 40X. 90X, 1 20X, and 
255X.  Low·cost accessory eyepiece avai l _  
able f o r  higher powers. FREE with Scope: 
-Valuable STAR C H A R T  plus 2 7 2  page 
" H A N D B O O K  O F  H EA V E N S "  plus " H OW 

TO U S E  YO U R  T E L ES C O P E "  Book. Shipping weight 25 Ibs. 

Stock No.  7 0 , 1 30·5 Stock No. 8 5 . 006·5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  574.50 f . o . b .  

Fresnel L e n s  . . . . . . . . . . . . . .. . . .  $6.00 Pstpd . Same Telescope as above but equipped with Electric Clock Drive-
Stock No. 85-094-5 . . . . . . . . . . . . . . . . . . . . . . . . $ 1 1 1 .50 F . O . B .  B ar r i n gton, N .  J. 

WAR SURPLUS I - INFRARED SNOOPERSCOPE 
G ovt. C o s t  $90o-Sargai n at $ 3 9 . 5 0  
Converts infrared to visible light. 
See in total darkness without being 
seen. Use in lab, factory, classroom, 
etc. Completely portable.  Operates 
on two flashlight batteries ( not in­
cluded ) .  Image is quite good, may 
be made even better by careful fo­
cusing. Size 1 I lh "  x gH. Weight 
with carrying case 12  Ibs. No infra­

red light source is furnished. ( See below ) .  
Stock N o .  8 5 , 098·5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $39.50 f .o.b.  

B a r r i n g t o n ,  N.J .  
::�:��·,::·J·'::_ ,!c"';�::_ .. o'"�'::O·�,� 6

A���1���\{;I�! to
Y��er�n� . . 5 1 0.00 postpa i d  

Kits 
Shape Your Ideas Fost! 

Scientists. executives, planners, de­
signers-alI tind D-STIX Simplify vis­
ualization and demonstration of complex 
ideas. D-S'l'IX-colored wood sticks % "  
thick and " easy-on" rubber joints ap· 
prox. 3/16" diam. -help you work {Jut 
molecular structures , geometric figures. 
structural member�. shapes, models of 
scientific apparatus. Used by profession· 

al men, educators, hobbyists. Big basic kit contains 2 3 0  or 
370 pieces. Additional parts in supplementary kit. Far 
superior to kits of wood or metal. �Ioney- back guarantee. 

Stock No. 70, 209·5 1 23 0  pcs l . . . . . . . . . . . .  S 3 . 0 0  ppd . 
Stock No. 7 0 , 2 1 0·5 1 3 70 pcs l . .  . . . . . . . . . .  $5.00 ppd . 
Stock N o .  70,21 1 ·5 1 452 pcs l .  . . . . . . . . . . .  $7.00 ppd. 

MAKE YOU R  OWN POWERFU L  
ASTRONOMICAL TELESCOPE 

G R I N D  YO U R  O W N  ASTRO N O M I CA L  M I RROR 
Klts contain mirror blank, tool, abrasives,  diag� 
onal mirror and eyepiece lenses. You build instru­
ments ranging in value from $75.00 to thousands 
of dollars . 
Stock No. 70,003-5 70,004·5 70,005·5 70,006-S 70,007·S 

Dia. Mirror Thickness Price 41/4" 'A" $ 7.50 postpa id 
6" 1"  1 1 . 9 5  postpaid 
8" PI," 1 9.50 postpaid 

��:, 13�::, �g� �����:\� 
NOTICE: EDMUND IS NOW H EADQUARTERS FOR MATH 
LEARN I N G  AND TEACH I NG A I OS!  SEE OOZENS OF OFFER­
I NGS IN OUR FR •• CATALOG-"S" 

N EW! CIRCULAR SLIDE RULE! 
Pocket Size-fast-Easy t o  Use!  

B e  a Math \Yhiz ! N e w  Circular 
Slide Rule multiplies, divides, 
figures fractions, percentages. 
!lquares, cubes. roots, proportions, 
c i r c u m r e r e n c e s ,  areas, retail 
prices, fuel consumption. Elimi· 
nates the confusions of ordinary 
slide rules. Directions included. 

.u, ".o-;) . . .. .. .. . . . . .. . . . , . . . . . . . .  :�4. 95 postpo id 

OFFSPRING OF SCIENCE • • •  REALLY 
BEAUTIFUL C IRCULAR DIFFRACTION GRATING 

CUFF LINKS AND EARRINGS 
A Dazzling Rainbow of Color! 
As a scientific phenomenon, this new 
ltind of jewelry is capturing atten­
tion everywhere. Shimmering rain­
bows of gem- like color in earrings 
and cuff links of exquisite beauty­
made with CIRCULAR DIFFRAC­
TION GRATIXG REPLICA. Just 
as a prism breaks up light into its 
full range of individual colors, so 
does the Diffraction Grating. 

3 0 , 349-S-Earrings I cl ip sty l e )  
T a x  incl.  $ 2 . 7 5  Pstpd . 

Stock No. 3 0 , 3 50·S-Cuff Links 
Tax incl.  $ 2 . 75 Pstpd. 

Take Telephoto 

Shots Thru 
7 x SO 

MONOCU LAR 
m a d e  instrument-war 
7 x 50 Binocular. Used 
and night and to take 

camera. Brand new. 
'" __ '_" "'_::,

we g���� t��f�d��� 
1 5. 0 0  Pstpd . 

�rg�E FREE CATALOG-S 
1 28 Pages ! Over 1 000 Bargains! Huge 
selection of lenses, prisms, war surp lus  o ptical 
instru ments, p a rts and accessories. Te lescopes, 
Microsco pes, Binoc u l a rs ,  Snip­
erscopest science experiment 
items,  math learning and 
teaching aids. Req uest Cata. 
10g.S. 

20 1 
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Perkin-Elmer's growth -rapid and steady - provides engineers and physicists with 

unusual opportunities for professional 

advancement. Challenging assignments in 

space technology projects assure a stable 

future. At Perkin-Elmer, too, engineers find 

the freedom necessary for creative solu­

tions . . .  can see projects through . . .  receive 

credit for individual accomplishments. 

The rewards: Early recognition, increase 

in responsibility and job satisfaction. 

51 

59 

52  5 3  54 5 5  5 6  57 5 6  !)9 19S0 

PLOT 
YO URS HERE 

� - - - - - - - - - - -1 9 6 0  

Steady expansion is creating the need 

for additional experienced instrumentation 

engineers and physicists in the following 

areas : 

• SPACE VEHICLE INSTRUM ENTATION 

• RANGE & MISSILE INSTRUMENTATION 

• RECONNAISSANCE AND IR SYSTEM S  

• OPTICAL R&D 

To investigate these career opportunities, 

send your resume to R. H .  Byles. 

��!:�K�� :�}E�'�� {b!oudi� 

IF 

YOU 

LOVE TO 

CREATE 

• • •  BUILD THE 

FINEST 

STEREO & 

MONO HI-FI 

I I 5 
If  you take pride in bui ld ing with your own hands 
truly professional qual ity equipment • . •  you w i l l  
w a n t  t o  l o o k  o v e r  t h e  70 EICO el ectronics k i t s  for 
stereo and mono hJ.fi, "ham" radiO,  c/'tizens band 
radiO, test instruments, and transistor portables. 

E I CO KITS are designed to reward your own ca re­
ful hand iwork with noth ing less than the finest professional quality results - rugged constructio., 
intel l igent layout, excel lent parts, superb c ir­
c u itry, superlative performance. They are a joy to 
bui ld  even If you have no e l ectronics knowledge -
pictoria l ,  step-by-step instructions g\J ide you un­
erringly to a beautifu l ,  precision assembly. Only 
EICO K ITS are L I FET I M E  guaranteed - and you 
save up to 50% .  

. Sma l l  wonder t h e  experts praise E I CO as " Best 
Buys in  Electronics." Over 2 m i l l ion are In  use. 
Send for name of your local dealer and 

free �14;; catalog 
EICO, 33-00 Northern Blvd_ Dept. SA, L. I.  C. 1, N. Y. 
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A S T R O N O M I C A L  O B J E C T I V E S  
------A I R - S PA C E D-----­
A s t ronontil'ai lenses are the height of optical perfection and 
are s u i t able for m a ny industrial aPillications . U�e as pro­
totypes,  we guarantee to sliPply any of your future require­
ments.  Hand- corrected, a i r - s p aced and mounted i n  black 
anodized a l u m inum cells.  Ideal for Collimators.  Schleiren 
Srstcms, Spotting Scopes, 'T e l escopcs, etc,  Each lens is  
color · corrccted for C and F and hand· corrected to reduce 
residuals  t o  a minimum. Thoroughly tested a n d  guaranteed 
ur JAEGERS to resolve to Dawes limit.  

H a rd-c:oated on 4 surfac:es 
Mou nted 3 1/4 " ( cl e a r >  Dia meter 

1 / 1 5-48" focal l e n gth I Not Coated . . . . . . . . . $ 28.00 
C o a t e d  . . . . . . . . . 32 . 00 

Mou nted 4 1/8" ( c l e a r )  Dia meter 

1 / 1 5-62" local l e n gth J Not Coated . . . . . . . . .  $ 60.00 I Coated . . . . . . . . .  69.00 
Coated 6" ( clead Dia meter 

f / l 0-60" loca l l e ngth J M o u nted . . . . . . . . . . . . . . .  $ 1 75 .00 \ U n m o u nted 1 50 .00 
Coated 6" ( c lead Diameter 

1/ 1 5-90" lo c a l  l e n gth J M o u n te d  . . . . . . . . . . . . . . $ 1 75 .00 I U n m o u nted 1 50 .00 
W e  can s u p p l y  A L U M I N U M  T U B I N G  f o r  t h e  above lenses.  

" B IG ACHROMATIC l ENSES" 
Our selection of diameters and f o c a l  lengths is  the largest 
in the country available for immediate deli\'ery. Perfect 
magnesium fluoride coated and cemented achromatic 
t e l escope ohjecti\'es corrccted for C and F lines.  

S e n d  for c o m p lete l ist  of other d i a m eters a n d  focal l e n g t hs . 

D i a .  F . L .  E A C H  D i a .  F . L .  EAC H 
' - 1 /8" 10" $ 1 2 . 5 0  3 - 1 / 1 6 "  15" $2 1 .00 
2 - 1 /8" 15" $ 9 . 7 5  3 - 3/ 1 6" 2 4 - 1 /2" $ 2 2 . 5 0  
2 - 1 /S" 24- 1 /2" $ 1 2 . 50 3 - 1 /4" 40" $30.00 
2 - 1 /8"  40" $ 1 2.50 4-3/8" 4 2 - 1 / 16" $ 67 . 50 
2 · 1 /8" 50" $ 1 2 . 50 5 · 1 / 1 6 "  2 4 · 1 /2" $85.00 

A l u m i n u m  tu b i n g  and cel ls  ava i l a b l e  for l e n ses l i sted above.  

ASTRONOM ICAL TELESCOPE M I RRORS 
Precision polished to 14 
ware and a l uminized. -'lir·  
ror mount, rack and pin· 
ion. tubing a\'ailable.  

1 D i a .  F . L .  Postpa i d  
3ft" 42" $ 9 . 7 5  
4 14 " Pyrex 45" $ 1 3 . 50 
6" Pyrex 60" $25.00 

• FREE CATA L O G  • 
M i l l ions of lenses, prisms, eyepieCes, rack and p i n ion 
c�"t!piece mounts, cells,  aluminum tubing. InitTors, 
hinoculars. telescopes. parts and accessol'jes, etc. 
Write Today. 

We pay t h e  POST A G E  IN U . S .-C. O . D . ' s  you pay postage_ 
Sati sfaction g u aranteed or money ref u n ded in 30 days. 

you can work safely with radioactive 
isotopes in limited amounts does not im­
ply that these substances are harmless 
nor that you can ignore common-sense 
precautions. Medical records show that 
at least one man has been killed by in­
gesting as little as half a microcurie of 
radium. At a distance of one meter a 
10-microcurie quantity of iodine 131 
could irradiate the body with gamma 
rays at the rate of .00265 milliroentgen 
per hour. The permissible continuous 
dosage over a period of years is 300 mil­
liroentgens per week. To accumulate this 
dose you would have to be exposed to 
the 10-microcurie quantity of radioio­
dine 113,000 hours per week, an obvious 
impossibility. But exposure in terms of 
roentgens increases inversely with dis­
tance between the source and the target. 
When one swallows the stuff, the dis­
tance between source and target shrinks 
substantially to zero. Treat radioisotopes 
with the respect due all poisons. Never 
permit the material to come into contact 
with your skin. Wear rubber gloves 
when preparing specimens. Always 
know precisely where radioactive mate­
rials are located and in what amount. 
Learn as much as you can about the 
characteristics of the radiations pro­
duced. When the materials have served 
your purpose, flush them down the drain 
with a generous quantity of water." 

The Oak Ridge National Laboratory 
and a number of commercial firms dis­
pense radioactive isotopes in amounts 
that do not require a license. Oak Ridge 
provides the isotopes free, but charges 
for each shipment a $20 handling fee 
plus the transportation cost. The Abbott 
Laboratories Division of Radioactive 
Pharmaceuticals in Oak Ridge, which is 
not associated with the Oak Ridge Na­
tional Laboratory, has advised this de­
partment that it sells radioactive isotopes 
in a "two pack" and a "nine pack." The 
two pack, which costs $7 .50, consists of 
10 micro curies each of phosphorus 32 
and iodine 131.  The nine pack, which 
costs $18 ,  includes these isotopes and 
various amounts of seven others. Ship­
ments are made by air on Friday on all 
orders arriving up to noon on Thursday. 

The address of the Abbott Labora­
tories Division of Radioactive Pharma­
ceuticals is Post Office Box 1008, Oak 
Ridge, Tenn. Among the other firms that 
sell radioactive isotopes in amounts that 
do not require a license are : Atomic Re­
search Laboratory ( 10717 Venice Boule­
vard, Los Angeles 34, Calif.) and 
Nuclear-Chicago Corporation ( 333 East 
Howard Avenue at Nuclear Drive, Des 
Plaines, III . ) . 
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CODING 

ABSOLUTE 
BINARY 
CODING 

MACRO 

mputer 
Programmers : 

Where do you s land in 
programming progress? 
Are you currently in a position to move upward 
and forward into newer, more interesting levels 
of programming? Or is your topmost step 
still well below the height of the art? 

The advanced areas in which we work, e .g. 
MACRO symbolic coding, problem-oriented 
language for data processing, and research in 
Universal Computer Oriented Language only 
partially indicate the importance of computer 
programming at SOC. 

There is also a basic professional advantage 
in the fact that programming is a primary 
function at SOC, rather than a service activity. 
This unusual situation stems directly from the 
fundamental nature of our work - developing 
extremely large computer-centered control 
systems. Among the many professional values 
in this strongly computer-oriented environment 
are the large number of supervisory positions 
open to programmers, and the fact that most 
programming supervisors have programming 
backgrounds .  

Positions now open a t  a l l  levels ( at Santa 
Monica, California and Lodi, New Jersey ) .  

The extension of SOC's programming activities 
into new areas of large computer-centered 
control system development has created openings 
for Programmers at several levels of experi­
ence, including senior status. Please send your 
inquiry to O. B .  Price, SOC, 2420 Colorado 
Avenue, Santa Monica, California. 

"SP- 1 27 ANCHOR A n  Algorithm for Analysis 
of Algebraic and Logical Expressions," a 
paper by Howard Manelowitz of SOC's staff 
is available upon request. Send request to 
Mr. Price at SOC. 

SYSTEM DEVELOPMENT 
C ORPORATION 

.santa Monica, California · Lodi, New Jersey 

2 0 3  
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O F  S PAC E T EC H N O LO G Y  I N  

Herodotus, the historian, 

records (490 B.C. ) the use 

of burn ished shields for 

military signaling. This 

was the forerunner of 

the heliograph,  in vented 

by Sir Henry C. Mance, 

which came into wide use 

centuries later. 

C O M M U N I C AT I O N S  
Lockheed's interest i n  developing the science of com m u n ications extends from the 
depths of the oceans to deep space . Its M issiles and Space Division research programs 
deal with the development and appl ication of statistical communication and decision 
theory in such areas as countermeasures ; telemetry multiplexing and modulation ; 
scatter com munications ;  m ultiple veh icle tracking;  mill imeter wave generation and 
utilization ; sonic signal detection and processing ; avoidance of multipath degradation ;  
a n d  interference avoidance . 

Associated research and development efforts are directed toward propagation 
studies and advanced antenna design ; low noise amplifiers ; vehicle borne signal trans­
m ission and reception, data storage and processing ; solid state materials and devices. 

The scope of such activities extends from advanced studies of naval communica­
tion problems on and under the oceans ; the many applications to satellite vehicles;  
on to the spec ial ized com munication problem s  of deep space explorations.  Latter 
needs are exemplified by high frequencies, low weight and power, high stability, low 
effective bandwidth, extreme rel iabi l ity and basic simplicity requirements. 

E n g i neers and S c i e nt ists : Investigating the entire spectrum of communications is  
typical of Lockheed M issiles and Space D ivision's broad diversification. The Division 
possesses complete capability in more than 40 areas of science and technology - from 
concept to operation. Its programs provide a fascinating challenge to creative engi­
neers and scientists . They incl ude : celestial mechanics ; communications ; computer 
research and developmen t ;  electromagnetic wave propagation and radiation ;  elec­
tronics ; the flight sciences ; human engineering ; m agnetohydrodynamics ; man in space ; 
materials and processes;  applied mathem atics ; oceanography ; operations research and 
analysis ;  ionic, nuclear and plasma propulsion and exotic fuels ; sonics ; space medicine;  
space navigation ; and space physics. 

If you are experienced in work related to any of the above areas, you are invited 
to inquire into the interesting program s  being conducted and planned at Lockheed. 
Write : Research and Development Staff, Dept. E-3 6,  962 W. EI Camino Real, Sunny­
vale, California. U.S. citizenship or e xisting Department of Defense clearance required. 

lllt:klll1l1d /M I S S I LES A N D S PA C E  D I V I S I O N  
Systems Manager for the Navy POLA RIS FBM; 

the A ir Force A GENA Satellite in the DISCO VERER , 

MIDA S and SA MOS Programs; A ir Force X-7; and A rmy KINGFISHER 

S U N N Y V A L E .  PALO A LTO . V A N N U Y S . S A N T A  C R U Z .  S A N T A  M A R I A .  C A L I FO R N I A  

C A P E  C A N A V E R A L .  F LO R I D A . A LA M O G O R D O .  N E W M E X I CO . H A W A I I  
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�he Library of Science 
invites you 

to choose any four 

of these enduring 
scientific works 
at only $1 each 

An expanding world of knowledge, presented by leading s cientific discoverers and thinkers 

- 34 fine volumes currently available to members 

FALLOUT: 
a study of s uperbombs, 
s t r o n t i u m  90 a n d  s u r ­
v i v a l ,  ed .  by l o h n  M .  
Fowler. Contributions b y  
Ralph Lapp, Jack Schu­
b e r t ,  J a m e s  F. C r o w ,  
others. LIST PRICE $5.50 

SIR JAMES G. FRAZER'S 
NEW GOLD E N  BOUGH. 
One-volume a b r i d g m e n t ,  ed .  by Theodor H. Gasler. 

LIST PRICE $8.50 

LOGIC MAC H I N E S  A N D  
D IAGRAMS, by M artin 
G ardner. 

LIST PRICE $5 .00 

MORRIS K L I N E :  
Mathematics a n d  t h e  
Physical  World. 

LIST PRICE $6.00 

KARL R. P O P P E R :  
T h e  L o g i c  of 
Scientific Discovery. 

LIST PRICE $7.50 

R. E. P E I ERLS:  
T h e  Laws of N a t u re. The 
logic and unity of atomic 
physics. LIST PRICE $4.50 

PROBA B I L ITY T H E ORY 
AND ITS A P P L I CATIONS, 
by William Feller. 

LIST PRICE $ 10.75 

SOVIET SPACE S C I E N C E :  
T h e  Russians' o w n  story. by Ari Shtcrnfeld. 

LIST PRICE $6.00 

J O H N  R. P I E R C E·: 
E lectrons, Waves 
and Messages. 

LIST PRICE $5.00 

S C I E N T I F I C  A M E R ICAN 
BOOKS, Second Series. 
Five paperbound volumes, 
boxed, by the editors of 
the Scientific American .  

L I S T  PRICE $7.25 

J E ROME S. BRU N ER: 
A Study of T h i n k i n g .  

LIST PRICE $6.00 

C. D. DARL I N GTON: 
E v o l u t i o n  of Genetic  
Systems. 

LIST PRICE $5.50 

THE EARTH AND ITS 
ATMOS P H E R E ,  edited by D .  R. Bates. 

LIST PRICE $6.00 

Up to $43.75 worth of books for only $4.00 
J'he Dbrary of Science, Dept. £-57 
59 FOURTH AVENUE, N E W  YORK 3,  N .  Y .  

Please enroll me as a member a n d  send me a t  once the 
four Selections indicated below, for which you will bill 
me only $4.00 ( plus postage ) .  As a member, I need 
take as few as four more Selections during the next 1 2  
months, from t h e  more than 75 works available to m e  
at reduced Member's Prices. I understand that I will 
receive a free bonus book of my own choosing after 
every four Selections. 

SELECTIONS ________________________ __ 

NAME, ______________________________ _ 

ADDRESS ____________________________ __ 

CITY ____________ -LZ,ONE ___ STATE. ______ __ 
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J O H N  P A U L  SCOTT : 
Animal Behavior. Based 
on research at the Jackson 
Memorial Laboratory. 

LIST PRICH $5 .00 

GIORGIO ABETTI:  
The Sun.  

LIST PRICE $ 1 2 .00 

F R E D  HOYL E :  
F rontiers of Astronomy. 

LIST PRICE $5 .00 

J. A. V. BUTL E R :  
I n s i d e  t h e  L i v i n g  C e l l .  

LIST PRICE $3 .95 

GEORGE SARTON'S 
second volume of 
A H i story of Science. 
The last 3 centuries B.C. 

LIST PRICE $ 1 1 .00 

ELECTRO N I C  DATA 
PROCESSI NG, by Roger 
Nett & Stanley A .  Hetzler. 

LIST PRICE $6.75 

V. A. F I RSOF F :  
Stra nge World o f  t h e  
M o o n .  LIST PRICE $6.00 

G E ORGE GAM OW: 
Matter, Earth and Sky. 

LIST PRICE $ 10.00 

WILLY L E Y :  
Rocket51 M i s s i l e s  a n d  
S p a c e  Travel. 3rd revised 
edition.  LIST PRICE $6.75 

N E LSON G L U E C K :  
Rivers i n  the Desert. 
Archeological explorations 
in the Negev. 

LIST PRICE $6.50 

GREER W I L LIAMS : 
Virus H u nters. 
The origins and develop� 
ment of modern virology. 

LIST PRICE $5.95 

WILDER P E N F I E L D  
a n d  L A M A R  ROBE RTS : 
Speech and Brain­
Mechanisms. 

LIST PRICE $6.00 
GAMES AND D E C ISIONS : 
An Introduction to Game 
T h e o ry.  by R .  D u n c a n  
Luce and H oward Raift'a. 

LIST PRICE $8.75 

MAX J A M M E R :  
C o n c e p t s  of Space and 
C o n c e p t s  of F o r c e .  Two 
volumes. LIST PRICE $9.25 

FOSSIL MEN, by M arcellin 
Boule & Henri V. Vallois. 

LIST PRICE $9.50 

FRON T I E RS I N  S C I E N C E ,  ed.  by Edw. Hutchings, J r .  
Contributions by Pauling, 
O p p e n h e i m e r ,  H o y l e ,  
Beadle, others. 

LIST PRICE $6.00 

S IGMUND F R E U D :  
The I nterpretation 
of Dreams. The only com· 
plete English translation.  

LIST PRICE $7 .50 

CHARLES DARW I N : 
l i f e  a n d  l e t t e r s .  T w o  
volumes, boxed, edited by 
his son, Francis D arwin. 

LIST PRICE $ 1 0 .00 

E R N EST A. H I LGARD : 
Theories of Learning.  

LIST PRICE $5.50 

R. B. BRAITHWAIT E :  
Scientific Explanation.  
The basic of scientific rea� 
soning. LIST PRICE $8.50 

S C I E NTISTS' C H O I C E ,  ed. by Franklyn M. Branley. 
Portfolio of spectacular 
scientific photographs with 
commentary by 14 leading 
scientists. LIST PRICE $4.95 

FOR THE SERIOUS, the important and 
the enduring in scientific literature, 

readers i nterested in keeping up with 
c o n t e m p o r a r y  d e v e l o p m e n t s  h a v e  
turned in increasing numbers to The 
Library of Science. Now in its fifth 
year, The Library of Science counts 
as members nearly 50,000 scientists, 
educators and related professionals. 

the living cel l ,  from the inner struc­
t u r e  o f  the e a r t h  to the l i m i t l e s s  
reaches of space--Lib rary of Science 

Selections range over the entire uni­

verse of scientific knowledge. 

To start your membership, choose 
any four of these fine books at only 
$1 .00 each. Thereafter, as a member, 
you need take as few as four more 
Selections during the next 12 months 
from the more than 75 available to 
you at r e d u c e d  M e m b e r's P r i ce s .  
These, together with the free Bonus 
Books which you yourself choose 
after every fourth Selection, insure 
you savings that total over 40% . 

The thirty-four works listed here 
exemplify the depth, scope and qual­
ity of the volumes offered each month 
at substantial savings to members of 
The Library of Science. From arche­
ology to zoology, from the behavior 
of the electron to the functioning of 
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by Lord Adrian 

SPEECH AND BRAIN-MECHANISMS, by 
Wilder Penfield and Lamar Roberts. 
Princeton University Press ( $6). 

P
enfield and Roberts have written a 
book that makes many other books 
out-of-date. The human species 

owes its success to the ability to com­
municate ideas by speech and so to the 

BOOKS 
How the basic mechanisms of speech 

haIJe been studied by brain surgeons 

brain mechanism that makes speech 
possible. In the past the only way of 
learning about this mechanism was to 
study the disturbances of speech caused 
by brain disease. Now neurosurgery has 
made the diseased brain far more acces­
sible and has opened a new chapter in 
the study of aphasia: the loss of the 
power to speak or to understand speech. 

The study began 99 years ago when 
the French neurologist Paul Broca 
showed that the power to speak de­
pended on a particular region in the 
frontal part of the brain. He had two 

patients who died after an illness in 
which the chief symptom was loss of 
speech; in both of them the chief dam­
age to the brain was found in this limited 
region. It was the first clear evidence 
not only of a special area for speech, but 
also of any difference in the function of 
different parts of the brain surface. 

It was not, however, the first time 
that men had looked for such differ­
ences. The nature of the relationship be­
tween brain and mind is an old puzzle, 
and it is a little less baffling if it can be 
shown that particular parts of the brain 

During an operation at the Montreal Neurological Institute areas 0/ the brain that have been stimulated are labeled with numbers 
2 07 
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fRONTAL LOBE 
OCCIPITAL LOBE 

The left hemisphere of the brain, with its principal features labeled 

can be assigned to particular mental 
activities. The place to look for these 
differences is in the brain's surface sheet 
of nerve cells, the cerebral cortex, for 
it is the special enlargement of the cor­
tex in the human brain that seems to be 
responsible for the special powers of the 
human intellect. 

Fifty years before Broca the German 
anatomist Franz Joseph Gall had tried 
to relate the shape of the head, and 
therefore of the brain inside it, to the 
character and abilities of individuals. He 
thought that a relationship could be 
found, and for a time his method, phre­
nology, was hailed as a new way to con­
nect the mind with the brain. But the 
prospect was too attractive and the evi­
dence too easy to misread. Gall and his 
followers claimed too much; phrenology 
was discredited, and there was nothing 
to take its place until Broca started the 
advance on another line. 

Animal experiments had by then be­
come more feasible; they soon gave even 
stronger evidence of local differences in 
the function of different parts of the cor-' 
tex. The stimulation of animal brains re­
vealed that there was a motor area, and 
it was shown that there were other areas 
associated with different kinds of sensa­
tion. By the end of the 19th century 
there was very little doubt that the hu­
man brain has the same kind of arrange­
ment. 

Animal experiments could throw little 
light on the mechanisms concerned with 
purely human abilities like that of 
speech, but clinical neurologists had the 
evidence provided by human disease, 
and they had Broca's cases to encourage 
them. Broca's patients could not speak, 
but they could understand at least some­
thing of what was said to them. There 
were many cases, however, in which the 
speech disturbance took a different form; 
where the chief defect lay not in speak­
ing words but in writing, or in under-

2 08 

standing speech or writing. Broca's area 
for speaking suggested the existence of 
areas in the brain concerned with the 
use of words in ways other than speak­
ing. The neurologists looked for evidence 
in cases of aphasia in this wider sense, 
and they used the. term Broca's aphasia 
for the loss of active speech that he de­
scribed. 

Once more the prospect of equating 
the mind to a map of the brain was too 
tempting. The extent and position of 
brain damage could not be investigated 
during the lifetime of the patient, and 
there were very few aphaSic patients 
who did not have some general defect 
in understanding. Nonetheless maps of 
the speech mechanism were made, with 
centers for all the different mental oper­
ations involving words, centers con­
cerned with reading and writing, with 
numbers, with finding the right name, 
with appreciating a joke. 

These maps had some value in sug­
gesting how a systematic examination 
should be conducted in order to show 
just what had gone wrong. Could the 
patient produce words; could he repeat 
words spoken to him; could he carry out 
verbal or written commands; could he 
name a key or a coin? But it became in­
creasingly clear that there were very 
few cases of aphasia with symptoms that 
could be fitted to such a detailed scheme 
of speech centers. All that could be said 
was that Broca's frontal area was con­
cerned mainly with the power to pro­
duce spoken words, and that damage in 
a fairly large region farther back on the 
brain surface could interfere with the 
power to recognize words or to use them 
in thinking. 

That would be all that could be said 
today if neurosurgery had not made it 
far less dangerous to expose and operate 
on the brain. The foremost research cen­
ter in this work is the Montreal Neuro­
logical Institute; Penfield and his col-

Mars 
Because its reddish glow may have 

suggested blood and violence to the 
ancients, Mars was named for the God 
of War. Of all the planets it is the 
only one we can readily observe. Mer­
cury is too near the sun and heavy 
clouds veil the surfaces of the rest. 

About once every two years you 
may see a bright star rising in the 
heavens as the sun sets. The ancients 
named Mars for the God of War, per­
haps because to them its ruddy color 
suggested blood. 

Of all the planets, we know Mars 
best. We see it most clearly. We study 
it most closely. Yet, Mars has always 
been a mystery to man. And so it is 
today. 

Of course, we know something 
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Engineering achievement results when creative thinking 

occurs. Here at Martin in Denver, many of the world's 

leading engineers and scientists are creating new patterns 

of thinking that will advance the "state of the art." Perhaps 
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you should write immediately to N. M. Pagan, Dept. G-12, 
The Martin Company, P. O. Box 179, Denver 1, Colorado. 

© 1960 SCIENTIFIC AMERICAN, INC



leagues who work there have had to 
make a neurosurgeon's map of the hu­
man brain-a map showing what sort of 
disturbance to expect if different parts 
have to be removed and how those parts 
are to be recognized during an opera­
tion. They have been particularly con­
cerned with the surgical treatment of 
epilepsy, because there is one kind of 
epilepsy in which the seizures appear to 
start from a focus in the cerebral cortex 
when there has been local damage fol­
lowed by scarring. The search for this 
focus involves the electrical stimulation 
of the suspected region and the making 
of electrical records of its activity; and 
if the focus is found and removed, the 
attacks usually cease. These operations 
have been amply justified by results, and 
in the course of them the human brain­
surface has been explored in detail, as 
the brains of various animals were ex­
plored many years earlier. 

In its more obvious landmarks the hu­
man map has the expected pattern, hav­
ing a motor area responsible for skilled 
movements and various sensory areas to 
which messages are sent from the dif­
ferent sense organs. These areas are all 
that can be looked for in the brain of 
an animal under an anesthetic, but in 
the human brain the search can go fur­
ther. It can be conducted by examining 
the brain of a patient who is fully con­
scious, and so it can tell us something 
about the regions that play a part in our 
conscious processes, not only in our use 
of words but also in our memories and in 
our thought in general. As usually hap­
pens, it has not given us the kind of in­
formation we expected, but there is quite 
enough to raise our hopes. 

As regards speech it tells us not to 
expect a rigid separation of different 
functions in the regions concerned with 
it. There is Broca's area, which is chiefly 
concerned with the production of the 
spoken words, and there are larger re­
gions farther back on the brain surface 
for what Penfield calls ideational speech. 

But stimulating these different regions 
can produce a variety of speech disturb­
ances, and it is not safe to predict the 
particular form they will take. 

An electrical stimulus will not produce 
speech. The explosive kind of activity it 
sets up in the nerve cells can only pre­
vent their normal work; and the effect 
is always an interference with speech. 
The patient is told to talk or to count 
aloud or to describe a picture, and when 
Broca's area is stimulated he may be­
come silent. He reports afterward that 
he found himself unable to say anything. 
But the result of stimulation of Broca's 
area and of other regions is more often 
a partial interference and is limited to 
some particular kind of verbal activity. 
When the stimulus is applied, the pa­
tient may speak indistinctly and repeat 
syllables or words. He may count num­
bers in the wrong order or find himself 
unable to name a familiar object. For 
instance, a patient shown a picture of a 
foot could only say: "That is what you 
put in your shoes." He said "Foot" as 
soon as the stimulus was cut off. 

All these varieties of speech defect 
are found in cases of aphasia resulting 
from brain disease or brain injury. There 
are also many of us who are not recog­
nizably aphasic but who are uncomfort­
ably aware that we are sometimes at a 
complete loss to recall the name of some­
one we know very well. If we have this 
difficulty, we know that it is occasional 
and capricious; it is no surprise to learn 
that the defects caused by stimulating 
the speech areas can be equally capri­
cious. Only 50 per cent of the stimula­
tions are effective. The arrest of 'speech 
may be caused by the stimulation of one 
point but not by the stimulation of an­
other close by within the same speech 
area. And although particular kinds of 
defect tend to be associated with par­
ticular regions, there is no certainty that 
they will be associated with them in any 
given case. 

In fact, the chief conclusion we can 

VISUAL TRANSMITTING AREA 

The proJection areas of the cerebral cortex are indicated in color 
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draw is that the speech mechanism can­
not be analyzed in terms of a number of 
different assemblies, each dealing with 
one or another of the ways in which 
words are used. We can, of course, dis­
tinguish parts of the brain mechanism 
that are used in any kind of intelligent 
activity. If we are to understand what 
we read, the message from the eyes must 
be received in the visual area of the 
brain. If we are to speak or write, the 
motor area must send the correct signals 
to the muscles of the larynx or of the 
hand. Yet although we cannot find spe­
cial regions for different subdivisions of 
ideational speech, we can at least say 
that there are large areas of the brain 
surface that seem to have nothing to do 
with it-areas where injury or stimula­
tion makes no difference at all to our 
ability to use words. 

This leads us to a remarkable fact that 
came to light when aphasia was first 
recognized: the fact that the areas con­
cel'ned with speech are found only on 
one side of the brain. It is usually the 
left side, and since the left hemisphere 
of the brain is related to the right side 
of the body and controls the right hand, 
it has been considered the dominant 
hemisphere, and for that reason has been 
thought to be the hemisphere in which 
the speech mechanism is found. Because 
there have been some cases of aphasia in 
left-handed people with disease of the 
right hemisphere, it is usually supposed 
that in left-handed people the right 
hemisphere is dominant instead of the 
left, and that the speech mechanism is 
there too. Penfield's results throw some 
doubt on this. It appears that in many 
left-handed people the speech areas are 
on the left as usual, although it is true 
that in a small number of cases they are 
on the right. Whatever the reason for it, 
the usual arrangement leaves one half 
of the brain with no sign of any function 
connected with words. 

This does not necessarily mean that 

the nonverbal hemisphere has no func­
tion connected with thinking. Mental ac­
tivity can go on without words. Memo­
ries are often pictures, and the need for 
words comes in only when we want to 
communicate our ideas or reduce them 
to order for our own use. But there is 
little evidence to connect the nonverbal 
side of the brain with nonverbal think­
ing. Indeed, there is not much to show 
that it has any relation to the mind. 

There are a few hints that it has, but 
it is difficult to see where they lead. In­
jury in a particular area of the right, or 
nonverbal, hemisphere can disturb no­
tions of body position in space: Penfield 
finds that stimulating an epileptic focus 
in the temporal lobe in either hemi­
sphere will sometimes arouse a vivid ex­
perience of some past event, though 
stimulating the normal brain surface will 
never do so. But the whole of the right 
cerebral hemisphere has been removed 
from time to time without producing a 
gross loss of memories or a disturbance 
in thinking. 

We have to be very careful, however, 
in interpreting the results that follow in­
jury or removal of part of the human 
brain. Memory and intellectual capacity 
may seem to be unimpaired, but we can 
never be sure that the patient has not 
lost some of the whole store of memo­
ries that used to be at his disposal, or 
that he would be able to write as good 
a novel, or cross-examine a witness as 
well, as he would have done before. An­
other difficulty comes from the remark­
able way in which living organisms in 
general manage to adapt themselves to 
injury. It is clear, for instance, that the 
use of words is not irrevocably tied to 
one side of the brain. Extensive damage 
to the left hemisphere at birth does not 
necessarily prevent a child from learning 
to speak. The speech mechanism may be 
set up in the right hemisphere; even in 
an adult there may be considerable re­
covery of speech after the normal mech-

The speech areas of the dominant (usually left) hemisphere are indicated in color 
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anism is destroyed. We must remember, 
therefore, that the parts of the brain that 
may need removal by the neurosurgeon 
are parts that have already been dam­
aged. If they have lost some of their 
function, another part of the brain may 
have begun to take it over. The symp­
toms that follow are a doubtful guide to 
the normal function of the part that is 
removed. 

The degree of recovery of function, of 
reorganizing the mechanism when the 
original site for it is destroyed, depends 
heavily on the age of the patient and no 
doubt on the extent to which the mecha­
nism involves a special structural ar­
rangement. But in most of the cerebral 
cortex the structure is nearly uniform. 
There are the same layers of nerve cells 
with interlacing fibers. There are differ­
ences in the sensory and motor areas, 
where messages enter and leave the cor­
tex, but the uniform arrangement and 
lack of distinctive features in the rest of 
the sheet make it easier to accept its 
power of reorganizing its activity. At all 
events it appears that the normal loca­
tion of areas with special functions is de­
cided more by the general distribution 
of cortical activity than by the presence 
of special types of nerve cell or special 
linkages between cells. 

Modern investigation has thus empha­
sized the view that there are no well­
defined areas for particular verbal and 
still less for particular mental activities. 
The realization of this is shown by the 
growing confidence of neurosurgeons. 
Fifty years ago large areas on the left 
side of the brain were still out of bounds 
to the surgeon for fear that some irrev­
ocable aphasia would follow if they 
were interfered with. Now, with the far 
better mapping techniques and better 
methods of treating the exposed brain, 
what Penfield calls the forbidden terri­
tory has shrunk progressively. Even the 
removal of Broca's area has seldom led 
to more than a transient speech defect. 

Moreover, the frontal lobes were sup­
posed to have some special association 
with intellectual processes, since they 
are highly developed in the human 
brain, but prefronta1leucotomy, the op­
eration that damages their deep struc­
ture, was found to relieve anxiety and 
has led to much more extensive opera­
tions. Though they have certainly pro­
duced changes in the general outlook 
and disposition of the patient, there is 
surprisingly little interference with any 
mental process that can be measured by 
psychological tests. Intelligent actions 
are still carried out, and memory seems 
no worse. 

But there must be some location in 

the brain for storing the physical traces 
that evoke our memories. The temporal 
lobes may have special access to that 
store, because verbal associations suffer 
from temporal injuries on the left side 
and on both sides. There is also the cu­
rious phenomenon, described by Pen­
field, wherein electric stimulation of the 
temporal lobe revives some past expe­
rience. The frontal lobes may regulate 
our depth of feeling, yet the modern 
neurosurgeon has found no place where 
he can "raze out the written troubles of 
the mind." All he can do is to make us 
less concerned about them. 

Why is it so hard to find a place for 
any mental activity other than the use 
of words? Perhaps we are trying to solve 
a problem that is unsolvable because we 
are stating it wrongly. Mental activities 
and the structure of the brain are in such 
different categories that our compari­
sons may have started out in the wrong 
direction. For the phYSiologist, however, 
the answer may be that we cannot see 
clearly where any of the traces are writ­
ten, because the writing is spread out so 
widely over the cerebrum. The writing 
must establish a tendency for the cere­
bral activity to take a particular pattern 
when the incoming signals have a pat­
tern of their own. We must suppose that 
such a tendency, and a vast number of 
others, can be impressed in every part 
of a large area of the cortex in a way 
that can survive a limited destruction 
of any part of it. And although partial 
destruction seems to have little effect, 
we must suppose that it is the large ex­
tent of the sheet that has given it this 
power to elaborate the appropriate re­
sponse. There have been various sug­
gestions as to the kind of nerve-cell 
mechanism that might work in this way. 
Most of them involve the notion that a 
pattern can be a sequence in time as well 
as an arrangement in space; they have 
shown that a mechanism with these 
properties is not an impossibility, though 
they have scarcely reached the stage at 
which they can be tested. 

Experiments on the brain have at least 
shown that the mechanism must be held 
to exist not only in the surface sheet but 
also in the parts beneath it. The Penfield 
and Roberts book emphasizes the role of 
the large central masses of nerve cells: 
the "centrencephalic region." This is 
linked with the cortex and with the "re­
ticular formation," the important part of 
the brain stem that decides the general 
level of activity in the cortical sheet. Sig­
nals from the sense organs, for instance 
those aroused by hearing a familiar 
voice, influence the central regions as 
well as the cortex. To begin with, each 
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flight, re·entry phenomena, celestial 
mechanics and aeronautic science. 
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region may react to particular qualities 
of the voice; for example, the brain stem 
may respond to the sound, and the cor­
tex to its familiarity. But at once there 
will be widespread interactions of every 
level. These will decide that the sound 
has a meaning and deserves an answer 
and will arouse the activities that search 
out the traces of past experience to find 
who is speaking and how he should be 
answered. 

The physiologist and the neurosur­
geon can only try to explore the mecha­
nisms of the brain in the hope of finding 
the chain of physical and chemical 
events that leads us to behave as we do 
in response to the events in our sur­
roundings, to call the friend who speaks 
to us by his name and to give the right 
answer to his questions. How such 
events in the brain are linked to our 
thoughts is for philosophers to debate. 
Calling the brain events conditioned re­
flexes does not settle the problem or sat­
isfy us that an electronic machine could 
be as self-conscious as we are. 

But now that we are so much more 
able to explore the human brain we are 
beginning to see what kind of mecha­
nisms we have to consider. There are defi­
nite pathways in and out, and important 
controlling regions in the brain stem and 
the central parts, but it is the enlarge­
ment of the surface that distinguishes 
the human brain: our intelligence seems 
to depend on the great extent of our 
cerebral cortex. It is possible that a large 
cortex might promote intelligent behav­
ior because it would allow for the pres­
ence of special regions for special intel­
lectual activities, along the lines of the 
phrenologists' maps; there are certainly 
regions specially concerned with words. 
But the speech areas take up less than a 
lOth of the surface, and elsewhere we 
have only a few hints at any functional 
subdivision. The cortex has a uniform 
structure, and the removal of different 
regions outside the speech areas seems to 
have no distinctive effect on any depart­
ment of memory or thought. We must 
fall back, therefore, on the contrary hy-

. pothesis, that our enlarged cortex gives 
us our intelligence, not by allowing all 
kinds of specialized machinery to exist 
side by side, but by providing a large 
mass of nervous material in which every 
unit can take some part in every activity. 

Hypothesis is perhaps the wrong 
word; this is a statement of facts to be 
explained and not much of a guide to 
their explanation. It is not, of course, a 
complete statement, but it points to the 
major problem that brain phYSiology 
must try to solve: How a large, uniform 
sheet of nervous tissue can help us be-
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have as intelligent organisms. Neuro­
surgery has enabled us to examine the 
sheet in detail and has made us less 
afraid of tampering with it. Electrical 
records can show what the different ele­
ments are doing. Before very long the 
methods that Penfield and Roberts have 
used in their study of the speech mecha­
nism may throw more light on what the 
rest of the brain is doing, how it makes 
us interested in such problems and gives 
us the hope of solving them. 

Short Reviews 

1\1 ATHEMATICS AND THE PHYSICAL 
WOHLD, by Morris Kline. Thomas 

Y. Crowell Company ($6). The teach­
ing of mathematics has for many years 
been a center of controversy. Especially 
in the last decade or so the lines have 
been sharply drawn between those who 
feel that current methods of instruction 
are outmoded because they are not suffi­
ciently abstract, genera! and rigorous, 
and those who, while no less critical of 
the methods in use, feel that the pro­
posed cure is worse than the disease, and 
that what mathematics teaching needs is 
more, not less, emphasis on the applica­
tions of the discipline to phYSical prob­
lems. Morris Kline belongs to the latter 
group. He has written this book to prove 
his thesis by displaying the incompara­
ble role of mathematics, today as in the 
past, in the study of nature. His presen­
tation is confined to elementary mathe­
matics, from arithmetic through the ele­
ments of the calculus and non-Euclidean 
geometry; but with these tools he is able 
to make an entry into a wide variety of 
physical questions. His exposition fol­
lows a historical course. Mathematics has 
been used in practical affairs sllch as 
computing taxes, determining land 
boundaries, measuring volumes, reckon­
ing distances, navigation; and also in 
more exalted inquiries, about the size of 
the earth, the motions of the planets, the 
path of light, the harmonics of strings, 
the speed of falling bodies, the nature 
of electricity and magnetism. Kline is a 
first-class teacher and an able writer. He 
knows the sticking points in mathemati­
cal learning, the places where the aver­
age student is apt to go astray, get lost 
and abandon the whole business. This is 
a rare gift of intelligence and sympathy, 
and the reader receives the full benefit 
of it. Innumerable examples could be 
cited: Kline's explanation of the indefi­
nite integral, of Fourier series, of Gali­
leo's discoveries, of Newton's achieve­
ment in proving that the gravitational 
attraction exerted by a sphere acts as 
though the entire mass of the sphere 
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were concentrated at the center, of the 
calculus of variations, of the electro­
magnetic theory of James Clerk Max­
well, of William Rowan Hamilton's mini­
mum principle. It becomes increasingly 
clear as one follows the exposition why 
mathematics is today the "heart of our 
best scientific theories," why it is the 
primary goal of modern scientific theory 
to subsume an ever broadening array of 
observational results under a handful of 
terse mathematical principles. vVe de­
pend upon experiments; yet the more 
facts we gather, the more uncertain we 
become of piercing their reality and the 
more we come to rely on the relations 
and symmetries and order we can im­
pose upon them through mathematics. 
This is an enlarging and a brilliant book, 
better even than Kline's Mathematics in 
''''estern Culture. If there were more 
teachers like Kline, there would be less 
wrangling about how mathematics 
should be taught. 

H ISTOHY OF THE ROYAL SOCIETY, by 
Thomas Sprat. Edited by Jackson I. 

Cope and Harold Whitmore Jones. 
Washington University Press ( $7 .50 ) . 
Sprat's History, published in 1667, is a 
rare book, yet one which, as the editors 
of this attractive reproduction point out, 
"has been as frequently quoted ( and 
misquoted ) as any single document used 
to interpret the intellectual history of 
the later seventeenth century." Sprat was 
a young churchman of 28 ( he later be­
came Lord Bishop of Rochester ) when 
he was admitted to the Royal Society in 
1663. He had entered Oxford just in 
time to grow up in the exciting environ­
ment of the "Invisible College" meetings 
at Gresham College, and it is likely that 
he was invited to accept membership in 
the Royal Society to write a defense of 
the Society, for it had become involved 
in a battle of propaganda and counter­
propaganda, and had been attacked for 
its "learned impiety and folly." Even 
Charles II, who had in 1662 given the 
scientists a charter, could a few months 
later be found, in Samuel Pepys's words, 
spending "an hour or two laughing at 
Sir W. Petty . . .  about his boat; and 
at Gresham College in general . . .  for 
spending time only in weighing of ayre, 
and doing nothing else since they sat." 
The writing of the History was inter­
rupted by the terrible plague and the 
great fire which followed so closely upon 
it, and its final form was shaped by the 
further attacks on the Society that these 
catastrophes inspired-or at any rate for 
which they provided a convenient pre­
text. "Antiroyalists, enthusiasts, millen­
nialists saw the tragedies of London as a 
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curse upon the King from an angry 
God"; there was fear of a second reli­
gious rebellion, and anti-Greshamites re­
newed the opportunity to calumniate the 
makers of "vulgar prophecies" and oth­
ers so misguided by pride as to believe 
they could divine the course of nature. 
But Sprat in the History turned the 
gloom and fears of the time against the 
prophets of doom: "It is now the fittest 
season for EXPERIMENTS to arise, to 
teach us a Wisdome, which springs from 
the depths of KNOWLEDGE, to shake off 
the shadows, and to scatter the mists 
which fill the minds of men with a vai� 
consternation." Sprat explains how and 
why the Society came into being, its jus­
tification, its objectives, its philosophy, 
its promise. He acknowledges that the 
style of the writing is "larger and more 
contentious than becomes that purity 
and shortness which are the chief beau­
ties of Historical Writings : But the 
blame of this ought not so much to be 
laid upon me, as upon the Detractors of 
so noble an Institution"; for their objec­
tions and cavils have sometimes forced 
him away from "plain History" to the 
way of an "Apology." Nonetheless his 
discourse is both palatable and clear as 
he points to the mistakes of the "Talka­
tive Sects" among the ancients who 
made a "hasty Fabrick" of the "Building 
of Sciences"; and as he champions the 
cause of now creating "fairer, and more 
moving Images : to represent TRUTH, 
cloth'd with Bodies; and to bring 
KNOWLEDGE back again to our very 
senses, from whence it was first deriv'd 
to our understandings." The editors have 
written an informative introduction 
have added a large number of valuabl� 
notes and several useful appendices. An 
index, however, is much needed. This is 
a praiseworthy piece of scholarship, and 
the Washington University Press is to be 
congratulated on the phYSical appear­
ance of the volume. 

T URNING POINTS IN PHYSICS, by R. J. 
BIin-Stoyle, D. ter Haar, K. Men­

delssohn, G. Temple, F. Waismann and 
D. H. Wilkinson. North-Holland Pub­
lishing Company and Interscience Pub­
lishers, Inc. ( $3 .50 ) . This book presents 
a series of lectures, given at the Univer­
sity of Oxford in 1958, that was ad­
dressed to philosophers and scientists 
who were not physicists. The turning 
points described are the end of mecha­
nistic philosophy and the rise of field 
physics, the quantum theory, the entry 
of probability into physics, relativity, 
the causality crisis, new concepts of ele­
mentary particles. The publishers say 

I that the book is for laymen as well as 
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specialists, but most of the lectures call 
for both a background of knowledge and 
close attention. Conceding these require­
ments, the book is highly instructive as 
well as revealing. It explains a good deal 
of what has happened in and to phYSics 
since James Clerk Maxwell and Michael 
Faraday, and it also explains why the 
subject is so active, so fruitful, so mag­
nificently successful and so nervously 
unsure of itself-not only moving from 
strength to strength, but lurching from 
crisis to crisis. 

SUSPECT DOCUMENTS, by vVilson R .  
Harrison. Frederick A.  Praeger, Inc. 

( $ 15 ) . The author of this book, who has 
had 24 years of practical experience in 
the British Government"s Home Office 
Forensic Science Laboratory, gives a 
minutely detailed account of the scien­
tific methods for nosing out ingenious 
hanky-panky in various documents-let­
ters, leases, wills, receipts, checks, litera­
ry manuscripts, diplomas, etc.-which 
have figured in cases ranging from mur­
der to the sending of anonymous letters. 
He discusses the materials from which 
documents are made, the examination 
procedure, the equipment of a docu­
ment laboratory ( microscopes, chromat­
ographic apparatus, X-ray machines, 
spectroscopes, infrared apparatus ) ,  the 
photography of documents, dating prob­
lems, typescripts, handwriting disguise, 
forged signatures, the presentation of a 
document case at court. Perfect for both 
professional and sofa sleuths. 

P RINCIPLES OF OPTICS, by Max Born 
and Emil Wolf. Pergamon Press 

( $ 15 ) . A first-class comprehensive sur­
vey of the electromagnetic theory of the 
propagation, interference and diffraction 
of light. The authors have deliberately 
restricted their compass to those optical 
phenomena that may be treated in terms 
of James Clerk Maxwell's theory as ex­
pressed in his basic equations, including 
all situations "in which the atomistic 
structure of matter plays no decisive 
part." Brief references to atomic phYSics, 
quantum mechanics and physiology are 
given where necessary. That this book, 
despite its restrictions, is much larger 
than Max Born's Optik, which appeared 
some years ago in German, gives some 
indication of the extent of the researches 
in classical optics in recent times. 

GREAT EXPERIMENTS IN PHYSICS, ed-
ited by Morris H. Shamos. Henry 

Holt and Company ( $4 .50 ) .  This com­
pilation used by liberal-arts students in 
a physics course at New York University 
gives excerpts from the classic accounts 

PROCEEDI NGS OF THE SECOND 
UNITED NATIONS  I NTER N ATIONAL 

CONFERENCE ON THE PEACEFUL 
USES OF ATOMIC  ENERGY I 

Complete English edition 

NOW AVAILABLE 
VO L U M E  

I P R O G R ESS I N  ATO M I C  E N ERGY,  
5 2 5  pages  $ 1 2 .50 

33 I N O EX OF T H E  PROCEEO I N GS $ 1 b .50 

N U CLEAR M AT E R I A LS 

2 S U RVEY O F  RAW MATER I A L  RE·  
S O U RCES .  84b pages $1 8.50 

3 P ROCESS I N G  O F  RAW M ATE· 
R I ALS ,  b12  pa ges  $ 1 5 .00 

4 P R O D U CT I O N  OF N U CLEAR M ATE-
R I A LS A N D  I SOTO P E S .  b44 pages $l b.50 

5 P R O P E RT I ES O F  R EACTO R M ATE· 

R EACTO RS 

R I A LS ,  b27 pages $1 4.00 

b BAS I C  M ETALLU RGY AND FA B R I ·  
CAT I O N  O F  F U E L S ,  7 2 0  p a g e s  $ I B .OO 

7 R EACTO R TEC H N O LOGY,  858 pages  $1 9.50 

8 N U CLEAR POWER P LANTS ,  PART 
I .  584 pages  $1 4.00 

9 N U CLEAR POWER PLANTS, PART 
I I .  538 pages  $ 1 7 .50 

10 R ESEARCH R EACTO RS,  548 pages $1 8.50 

1 1  R EACTOR SAFETY AND C O N T R O L .  
b08 pages  $1 5.50 

1 2  R EACTO R P H Y S I C S ,  774 pages  $ 1 8 .50 

13 R EACTO R P H Y S I C S  A N O  ECO· 

P H YS I CS 

N O M  I C S .  b3S pages  $ 1 8.50 

1 4  N UCLEAR P H Y S I C S  AND I N STR U ·  
M ENTAT I O N .  492 p a g e s  $ 1 7 . 00 

15 P H Y S I C S  I N  N U C L E A R  E N ERGY,  
4 7 b  pages  $ 1 2 .50 

lb N U CLEAR DATA A N D  R EACTO R 
TH E O RY .  744 pages  $ 1 8 .50 

30 F U N DA M ENTAL P H Y S I C S ,  342 pages $ 1 0 .50  

C H E M I STRY 

1 7  P ROCESS I N G  I R RA D I AT E D  FU ELS 
ANO RA D I OACT I V E  M A T E R I ALS .  

7 0 9  pages  $1 8.00 

1 8  WASTE TR EATM E N T  AND E N ·  
V I RO N M ENTAL ASP ECTS O F  
ATO M I C  E N ERGY.  b24 pages  $1 0 .50  

1 9  T H E  USE O F  I SOTO P E S :  I N D U S-
T R I A L  U S E .  3bb pages  $ 1 2 .50  

20 I SOTO P ES IN RESEARC H .  29b pages  $ 1 0 .00 

28 BAS I C  C H E M I STRY IN N UCL EAR  
E N ERGY.  b 8 b  pages  $1 8 .50  

29 CH EM I CA L  E F F ECTS O F  RAD I A-
T I O N .  475 Pages  $ 1 4.50 

B I OLOGY AND M E O I C I N E  

2 1  H EA LTH A N D  SAFETY:  D OS I M -
ETRY A N D  STA N D A R O S .  249 pages  $ 1 0 .50 

22 B I OLOG I C A L  E F F ECTS OF RAD I A ·  
T l O N .  5 5 2  pages  $ 1 4.50 

23 EX P E R I E N C E  IN R A D I OLOG I CA L  
PROTECT I O N .  4b8 pages  $ 1 4 . 50 

24 I SOTO P ES I N  B I OCH E M I STRY A N D  
P H YS I O LOGY.  PART I .  305 pages  $1 1 . 00 

25 I SOTO P ES I N  B I OCH E M I STRY A N D  
P H YS I O LOGY,  PART I I ,  3 1 2  pages  $1 1 m  

2b I SOTOPES I N  M ED I C I N E. 4bO pages  $1 3 .00  

27 I SOTOPES IN A G R I C U LT U R E .  
455 p a g e s  $ 1 4.00 

C O N T R O L L E O  F U S I O N  

3 1  T H E O R ET I C A L  A N D  EXPER I M EN ·  
T A L  ASPECTS O F  C O N T R O L L E D  
FUS I O N .  3 9 0  pages  $ 1 5 .00 

32 CONTROLLEO F U S I O N  D EV I C ES ,  
4b2 pages  $ 1 5 .00 

A b r i d ged French a n d  Spa n i s h  ed i t i ons ( 1 3  vo l u m es 

eac h )  now i n  preparat i o n  

For further i n formation c o n s u l t  y o u r  bookstore or : 

U n i ted N a t i o n s  

Sales Sect i o n  ( A tom i c  E n ergy) 

N e w  York. N .  Y .  

Brochures ava i lable  o n  request 
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B A T T E L L E 
e n c o ura g e s  

C R EATIVITY . . .  
I M A G I NATI O N  . . .  

E N T H U S IAS M 
These are essential in research. Crea­

tivity, imagination and enthusiasm are 
n a t u r a l  g i f t s  . . .  b u t  t h e y  c a n  b e  
blunted, even lost, b y  lack o f  opportu­
nity for expression. 

They also can be enhanced . . . but 
only where there is recognition of, and 
regard for the role of the individual. At 
Battelle we select additions to our pro­
fessional staff on the basis of desirable 
attributes and characteristics of individ­
uals. And we strive to maintain an 
atmosphere in which such individual 
talents can be encouraged to develop 
and expand. 

Being an "individual" does not mean 
being a "lone wolf." Truly mature "in­
dividuals" derive inspiration from their 
associates; can work as contributing 
members of a team dedicated to the 
solution of problems. This inspiration 
comes not only from others within the 
science or technology of the individual's 
particular interest, but also springs 
from the broadening influence of asso­
ciates in other professional fields. 

In research, being an "individual" can 
mean many things. It could be a pref­
erence to devote time and talents to a 
specialized field; or a desire for variety, 
with contact with several projects in a 
general field; or an opportunity to rub 
shoulders and exchange ideas and ex­
periences with i ndustry's represen­
tatives. 

However individualism may be ex­
pressed, at Battelle there is opportunity 
to exercise it. Battelle, with its wide ap­
proach to all the technologies and ex­
periences in serving varied segments of 
industry and government, encourages 
each staff member whenever possible to 
gravitate toward his natural talents and 
inclinations. 

Battel l e  modified Bridgman anvil  for combined 
h i g h - t e m p e r a t u r e ,  h i g h · p r e s s  ure stUdies.  
Th,s  configuration has been used for material 
s t U d i e s  t o  g r e a t e r  t h a n  3 , 0 0 0 , 0 0 0  p s i .  

Battelle also offers: competitive sal-
aries; attractive extra benefits; oppor­
tunity to combine work and graduate 
degree effort; social and extracurricular 
professional activities. 

Battelle is growing and has a continu­
ing need for creative, imaginative, en­
thusiastic research talent. If you qualify 
in any branch of science or engineering, 
write Russell S. Drum. 

B AT T E L L E  
M E M O R I A L  I N S T I T U T E  
505 K ing Avenue,  Col umbus  1 ,  Oh io 

�'T[� 
��5 9t�� �t 1"':>' 

Dedicated to the 
advancement of science 

of Galileo, Boyle, Newton, Charles Cou­
lomb, Henry Cavendish, Thomas Young, 
Augustin Fresnel, Hans Christian Oer­
sted, Michael Faraday, Heinrich Lenz, 
James Joule, Heinrich Hertz, James 
Clerk Maxwell, Wilhelm Konrad Ront­
gen, Henri Becquerel, J .  J . Thomson, 
Max Planck, Albert Einstein, Robert 
Millikan, Niels Bohr, Ernest Rutherford, 
James Chadwick, Arthur Compton. Al­
though a good deal of the material of­
fered here appears in William Francis 
Magie's SouTce Book in Physics and in 
other compendia, the editor usually pre­
sents larger excerpts than others have 
done, and his marginal notations and in­
troductory comments will help the non­
physicist to follow the argument. An en­
joyable and instructive anthology. 

T
HE RAINBOW, by Carl B. Boyer. 
Thomas Yoseloff ( $ 1 0 ) . Specula­

tions about the cause of the rainbow 
have a long history, but this book makes 
it seem longer. In 375 well-illustrated 
pages the author has set forth every 
flight of ideas on the subject, from su­
pernatural explanations to the modern 
theory based on optical principles . While 
a moderate amount of the material is in­
teresting, much of the story is taken up 
with earlier conjectures that are not en­
grossing and do not greatly enlarge one's 
understanding of the growth of scientific 
thought. Boyer has dug up everything 
that the most relentless historian of sci­
ence would consider even remotely rele­
vant; it is doubtful anyone will ever have 
to or want to do the job again. 

T HE ARTERIAL WALL, edited by Al-
bert 1 .  LanSing. The Williams & 

Wilkins Company ( $7 .50 ) . Approxi­
mately two out of three adult deaths are 
caused directly or indirectly by cal'dio­
vascular disease. Knowledge of the bi­
ol ogy of arteries is of considerable im­
portance in making headway against this 
disease. The papers in this volume re­
view the information currently available 
on the structure, function and chemistry 
of arteries, which are now recognized as 
being not mere conducting tubes but 
"hard working organs with personalities 
of their own ."  

I
NTRODUCTION TO MATHEMATICAL 

THINKING, by Friedrich vVaismann. 
Harper Torchbooks ( $ 1 .40 ) . A paper­
back reprint of vVaismann's exception­
ally lucid introduction to the fundamen­
tal concepts of modern mathematics. 
The treatment is philosophical and rich 
in insights into the style and substance 
of the mathematical way of thinking; the 
difficulties are not evaded, but the se-

Darwin's contribution, 

Darwin's fu ture : 

the historic papers of 
the Uni versity of Ch icago 

Darwin Centennial Cele bration 

· EVO LU T I O N  
A FT E R D A R W I N 

Sol Tax, Editor 
B e c a u s e  thi s u n i q u e  symposium, 
assembling fifty leading scientists 
from nine n ations ,  aroused world­
wide interest, its comprehensive sur­
vey of developments and discoveries 
since The 01'ig in of Species i s  now 
being- offered to the public in per­
manent form. EVOLUTION AFTER DAR­
WIN contains both the texts of the 
symposium's forty-four papers and 
transcripts of its five panel discus­
sions : The Origin and Nature of 
Life,  The E volution of Life,  Man as 
a B iological Organism, The Origin 
and Nature of Mind, and Social and 
Cultural E volution. 
Volumes I and II - THE EVOLUTION 
OF LIFE : Its OTigin, His t01'Y and 
Futw'e and T H E  EVOLUTION OF MAN : 
Mind, Cuitw'e and Societ1J - will be 
published this month. Vol. I I I , I S ­
S U E S  I N  EVOLUT I O N ,  which includes 
a comprehensive index, will complete 
the three volume set in the fall.  
Vo l u m e s  I and II are p r i c e d  a t  
$ 1 0 . 0 0  e a c h ,  and volume I I I  at $7.50.  
The complete set of three volumes 
may be ordered now at a special 
price of $25.00 for delivery as p ub­
lished, either through your book­
store or by means of this coupon. 

RESERVE YOUR F I RST- E D I T I O N  SET TODAY 
U N I VERS I TY OF C H I CAGO PRESS Dept. S A - 5  
5 7 5 0  Ellis Avenue, Chicago 3 7 ,  I I I .  
Please reserve my fil'st·edition volumes of EVO­
LUTION AFTER DARW IN at  the special p rice of 
525.00, to be mailed as published. o Check for $25.00 enclosed 

( no shipping charge ) o Bill  me $ 2 5 . 0 0  plus shipping when 1st Vol. 
is shipped. 

Please send me only Vol. • • . • • .  

o I enclose $ .  . . . . . . .  . . . .  . .  0 Bill  me. 
Name . . .  · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Street . . • . . • • . . . • • . . • . . . . . . . . . . . . . . . . . . . . . •  

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

2 2 1 
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This photograph was taken b y  a Questar owner o n  3 5  mm. film. It 

shows the south polar region of the moon around Clavi us, the largest 

crater. On this scale the moon is nearly 27 inches in diameter. By com­

parison, pictures of Clavius made with telescopes of 3 6 to 200 inches 

apert u re show astonishingly little more detail, despite the fact that such 

giants should reveal objects 10 to 57 times smaller than Questar can 

resolve. Poor seeing due to unquiet  air causes most of the trouble. And 

here Nature favors the small telescope, permitting Questar's modest 3.5 
i n c h  aperture to do surprisingly well w h e n  much large r instruments are 

crippled by unsteady atmosphere. The superfine Questar costs $995 as 

shown in B ritish leather case. Terms 

available. Send for the 3 2 -page book­

let which tells the complete story. �uestar 
BOX 2 0  N E W  HOPE . PENNSYLVANIA 

rious reader will not be left behind to 
Rounder in technicalities. 

DRAWINGS FOR A LIVING ARCHITEC-
TURE, by Frank Lloyd Wright. 

Horizon Press ( $35 ) . A collection of 
some 200 of Wright's architectural 
drawings, 75 of them in color, covering 
70 years of his work in designing com­
munity structures, country clubs, public 
buildings, residences, buildings for "rec­
reation and rural delight," tall buildings, 
structures for business.  The text, apart 
from captions, consists of two essays, an 
interpretation of Wright's architecture 
by a leading Italian critic, Giuseppe 
Samona, and an estimate of the draw­
ings as a contribution to the evolution of 
draughtsmanship by A.  Hyatt Mayor, 
Curator of Prints at the Metropolitan 
M useum of Art. Some of the drawings 
are superb and afford unique insight into 
Wright's ideas and methods, especially 
where one can follow the progress from 
casual sketches to finished renderings ; 
others are so fragmentary or specialized 
as to carry little meaning except perhaps 
for professionals . The book itself is a 
splendid artifact, and the reproductions 
are beautifully executed. 

E TRUSCAN ART, by Raymond Bloch. 
New York Graphic Society ( $25 ) . 

A large, handsome volume of 100 plates, 
71 in color, showing examples of the 
painting, major sculpture, jewelry, ce­
ramics and magnificent relief work of 
one of the most extraordinary and mys­
terious of vanished cultures. The French 
scholar Raymond Bloch, whose excellent 
study of the Etruscans was reviewed in 
these columns some months ago, pro­
vides an enlightening text on the origins 
of Etruscan art and traces the motifs 
which were to reappear in Roman works 
and much later in the sculptures of the 
Italian renaissance . This attractive con­
tribution to both art and archaeology has 
been executed with the care and finish 
characteristic of the publications of the 
New York Graphic Society, among 
which the admirable UNESCO World 
Art Series are perhaps best known. 

T HE BIRDS OF THE BRITISH ISLES, VOL-
UME 8, by David Armitage Banner­

man. Oliver and Boyd ( 63 shillings ) .  
Bannerman's eighth volume embraces 
the webfooted birds ( including the cor­
morant, shag, frigate bird and gannet ) ,  
the tubinares ( petrels, shearwaters and 
albatrosses ) ,  diving birds, the order 
Columbiformes ( pigeons and doves ) 
and Pallas's sand grouse ( the sole repre­
sentative of the order Ptericletiformes ) ,  
which has visited Britain from its home 
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. . .  N EWS IS HAPPE N I N G  A T  NORTHROP .-l... 

Growing Importance of . 

Weapon Systems Support 

Puts New and Vital 

Emphasis on Specialized 

Engineering 
by Charles A. Kerner 

Chief Engineer, Systems Support, 
Nortronics Division of Northrop Corporation 

So.me o.f to.day's mo.st vital and 
challenging engineering research 
and develo.pment wo.rk is in the 
area o.f weapo.n systems supPo.rt. 
Our defense planning calls fo.r 
vastly mo.re so.phisticated wea· 
Po.ns - weapo.ns such as the 
Navy's Po.laris missile, the Air 
Fo.rce's Sky Bo.lt air·launched bal· 
listic missile, and the Army's 
new family o.f high.perfo.rmance 
tactical weapo.ns. Creating sup· 
Po.rt systems fo.r such weapo.ns 
places new emphasis o.n special. 
ized engineering talent. 

No.rtro.nics Divisio.n o.f No.rthro.P 
Co.rpo.ratio.n, re co.gnizing this  
essential relatio.nship o.f weapo.n 
and SUPPo.rt equipment, has al. 
ready achieved o.utstanding ad· 
vances in vital areas that include 
the fo.llo.wing : 

E L E CTRONICS.  No.rtro.nics antici. 
pated the need for rapid, auto.· 
matic  readiness evaluatio.n o.f 
co.mplex weapo.n systems and pro.· 
duced DATICO ( Digital Auto.· 
matic Tape Intelligence Check· 
o.ut ) . No.W o.peratio.nal, it is al. 
ready adapted and perfo.rming 
fo.r all three branches o.f o.ur 
Armed Fo.rces. Fo.r the Navy, 
DATICO serves o.n the Po.laris 
pro.ject. No.rtro.nics is develo.ping 
units fo.r missile· system check· 
o.ut abo.ard the Po.laris·firing sub· 
marine, the submarine tender, 
and at the Naval Weapo.ns Annex. 
The Air Fo.rce emplo.ys DATICO 

fo.r depo.t checko.ut o.f advanced 
airbo.rne electro.nic co.mpo.nents. 
A No.rtro.nics · develo.ped Univer· 
sal Field Maintenance Sho.P Set 
based o.n DATICO is no.w in the 
Army invento.ry. 

M E C HANICAL G R O U N D  HANDLING 

S Y S T E M S .  One example : The 
Army's Hawk. No.rtro.nics pro.· 
duced the first integrated design 
o.f mo.bile launcher and tracked 
self·pro.pelled Io.ading vehicle. On 
o.ther pro.jects, No.rtro.nics reo 
lates its experience to. develo.P 
special  h andling veh icles fo.r 
fo.rthco.ming weapo.n systems. 

O P T I C A L  S Y S T E M S .  No.rtro.n i c s  
physicists, o.ptical designers, me· 
chanical and electro.nic engineers 
pio.neer advanced techniques to. 
so.lve the missile industry's and 
the Armed Fo.rces' highly co.m· 
plex o.ptical  pro.blems. These 
include special image·pro.ducing 
systems and co.nverting infrared 
into. visual images ; o.ptical 
sights ; range finders and fire co.n· 
tro.I systems fo.r gro.und vehicles, 
shipbo.ard and aircraft weapo.ns ; 
and reco.nnaissance systems. 

C O U N T E R M EASU RES AND EXPLO­

SIVE O R D NA N C E .  On classified 
pro.jects and in mo.difying and 
applying kno.wn penetratio.n aids, 
No.rtro.nics meets the demands 
o.f future weapo.n systems. Areas 
o.f emphasis : weapo.n systems in· 
tegratio.n and tactical analysis, 
dynamics, design and test, and 

ballistics. Current co.ntributio.ns 
include chaff.dispensing techno.I· 
o.gy and infrared deco.ys. 

No.rtro.nics o.rganizes its Systems 
SupPo.rt engineering staff o.n a 
pro.ject basis which permits a 
co.mplete spectrum o.f specialists 
to. co.ncentrate their effo.rts in 
each primary area o.f develo.P' 
ment. Aiding these scientists and 
engineers in techno.Io.gical depth 
is the Systems Engineering 
gro.up which pro.vides co.mpre· 
hensive systems analysis and 
synthesis studies. With facilities 
and reso.urces o.f the entire No.r· 
thro.P Co.rpo.ratio.n at his disPo.sal, 
each specialist at No.rtro.nics is 
enco.uraged to. create the mo.st ad· 
vanced co.ntributio.ns in his field. 

Current papers by N ortronics 
scientists and engineers include : 
"Integratio.n o.f Missile Gro.und 
SUPPo.rt Equipment" by Irvin 
Tro.wbridge and William B. Van 
Ho.rne. "To.ward Universal Test 
Systems" by Ro.bert Gray. "Ra· 
dial Disto.rtio.n : Its Calibratio.n, 
Co.mputatio.n in No.n · Gaussian 
Image Planes, and Co.mpensatio.n" 
by Dr. Ko.nstantin PestreCo.v. 

For copies of these papers 
and additional information 

about Northrop Corporation, write : 

NORTHROP� 
C O R P O R A T I O N  

De partment K7·1300·32, P.O. Box 1525 

Bever ly H i l l s ,  Ca l ifornia 

223 

© 1960 SCIENTIFIC AMERICAN, INC



· 
.... , . ' -

" . ; ( 

D I G I TA L  
P R O C E S S O R S  

J ! '  II . _ . : ,  , 
O u r  Tact i ca l  Syste m s  Labo ratory a p p l i e s  advanced tech n i q u e s  
t o  t h e  d e s i g n  a n d  d ev e l o p m e n t  o f  a i r b o r n e  a n d  g ro u n d · based 
d i g ita l  d ata p roces s i n g  syste m s .  I f  you h ave at  l east 2 years of 
d e s i g n ,  syste m i nteg rat i o n ,  test i n g  o r  p rod u ct i o n  e x p e r i e n c e  i n  
d i g ita l  syste m s ,  yo u r  ta le nts may f i n d  a p p l i cat i o n  i n  t h e  s o l u t i o n  
o f  o u r  tec h n i ca l  p ro b l e m s .  W r i t e  t o  M r. S .  L. H i rs c h .  

rn L I T T O N  I N D U S T R I E S  E l ect ro n i c  Eq u i p m e n t s  D i v i s i o n  
Bever ly  H i l l s ,  Ca l i fo rn i a  

QUICKLY SPEAK Spanish, French, 
German • • • any of 34 World Languages 

by New RELAXED WAY at Home 
Think how useful and exciting it is to speak 
another language like a native. The new 
RELAXED scientific shortcut-Lingua­
phone-makes it easy ! A lmost overnigh t 
,..-----., you can start speaking like 

34 Languages 
by Llnguaphone 
on FREE Tftl AL 

Write for details. 
Send for FREE 

Book Today. 

a native in Spanish, French, 
Italian, Russian, etc.-Right 
A T HOME without any 
effort at all. 

l INGUAPH ONE  INSTITUTE 
I Please check your Dept. R -3050, Radio City. 

I
language interest :  N.Y. 20. CI 7·0829 
o Spanish Please send me :  0 FREE I 

I (American) Book, "Your Passport t o  L a n - I 
I g �::�!'n gua ges. " 

I 
I 0 Modern Greek 0 Details of FREE TRIAL- I 
I 0 Spanish no obligation 

I 
I 0 i��l

r
::

ean
) Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

1 0 Russian Address""""""" .. . . . . . . . . .... " .. , ,"", , .  I 
1 0 Japanes. I 
LO��r..;;;:;;;;:;;;;_C�.::::·.:::: ;;:;:::::�� �� .:::: _t 
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STRUCTURES LABORATORY SUPERV ISOR 

For 

Rocket Development Department 

Str u d u res Laboratory S u p e rv i sor  w i l l  

h a ve t h e  respo n s i b i l i ty  f o r  p l a n n i n g ,  exe­

cut i n g  and  report i n g  stru d u ra l  tests  of 

a s se m b l i e s .  s u ba sse m b l i es  and c o m p o ­

n e nts  of s o l i d  p r o pe l l a n t r o c k e t s .  D u ti e s  

wi l l  req u i re a b i l i ty to co n d u ct t h e  f o l ­

l ow i n g : 

1 .  Experimenta l stress a n a lysis of:  

a .  Pressure vessels 

b .  Load carry ing  compone nts 

2 .  Load d efl ection m e a s u re m e nts 

3 .  Flight and h a n d l i n g  load s imu­

lat ion 

4. Hydrau l ic  a ctuations  

Ed u c a t i o n  Req u i r e m e n ts : B . S ./ M . S .  i n  

M ec h a n i c a l  En g i n e e r i n g  o r  E n g i n e e r i n g  

M e c h a n i c s .  

E x p e ri e n ce :  5- 1 0  Y e a r s  

W. D. Linkenhoker 

Technical  Perso nne l  Supervisor 

HERCULES POWDER COMPANY 

ALLEGANY BALL ISTICS LABORATORY 

Cumberland , Maryland 

u .  S .  Cit ize n s h i p  R eq u i red 

in the deserts of Asia.  Many other spe­
cialists have contributed to these essays . 
and there are 26 color plates by the late 
Ceorge E. Lodge. To those who have 
followed the notices in these columns of 
earlier volumes of this splendid work, i t  
i s  sufficient t o  say that the author does 
not falter and that the style and accu­
racy of this volume measure up fully to 
the distinguished standard established in 
the past. 

RACE FOR THE POLE,  by John Edward 
Weems . Henry Holt and Company 

( $4 .50 ) . A highly entertaining and laud­
ably dispassionate account of the historic 
Peary-Cook battle over who first got to 
the North Pole, including an excellent 
summary of each man's own account of 
his exploit. Robert E .  Peary very likely 
reached the Pole, and Frederick Albert 
Cook almost certainly didn't ; but as the 
late Peter Freuchen, an admirer of 
Peary, was fond of saying:  "Cook was a 
liar and a gentleman; Peary was nei­
ther ." The result was that Cook, holding 
an obviously worthless hand, managed 
to keep supporters, and that Peary, hold­
ing all the trumps, managed to increase 
the tribe of his enemies. 

EVIDENCE AND INFERENCE, edited by 
Daniel Lerner. The Free Press 

( $4 ) . Six lectures that attempt to show 
the contemporary role of evidence and 
inference in a wide range of fields : his­
tory and law, psychoanalysis and social 
psychology, nuclear physics, "attitude 
research."  There are some nutritious 
items, but the claim which is made that 
one can gain from this volume a unified 
view of these classic problems of knowl­
edge in their modern setting is nonsense. 
This is a chowder that the chef hasn't 
even tried to blend. 

Notes 

TOWARD A SYSTEMATIC PRAGMATICS, 
by R.  M. M artin. North-Holland Publish­
ing Company ( $3 .25 ) . The logical study 
of a language or language system is usu­
ally one of three kinds : syntactical, se­
mantical or pragmatical. In this book 
several tentative but systematic theories 
of pragmatics of a restricted kind are 
presented. 

THE POPULATION OF THE UNITED 
STATES, by Donald J. Bogue. The Free 
Press ( $ 17 .50 ) . An invaluable reference 
compendium by a University of Chicago 
sociologist, presenting a wealth of infor­
mation and statistics on the size and 
growth of U. S. population, population 
distribution, age and sex composition, 
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I N  TO U C H  WITH  N E W  H O R I ZONS 
A n oth e r  ach i eve m e nt of I B M  A p p l i ed S c i e nt i sts : 
c o m pute r  p rog ram fo r d i st i l l at i o n  tower des ign  
M a k i n g  h a rd rea l it ies  out  o f  ideas i s  a task o f  the I B M  Appl ied Scientist.  

T h ro u g h  u n iq u e  and c reative a p p l icat i o n s  of data p roces s i n g, he is 

c h a n g i n g  t h e  wo r lds of sc ience,  i n d u st ry and b u s i ness.  

O n e  tea m of Appl ied Scient ists wo rked c losely  with IBM cu stom e rs to 

d eve l o p  a n ew, fa r m o re eff i c i e nt m ethod of des ign i n g  d i st i l lat ion 

towe rs.  T h ey c reated a p rogra m  fo r co m puter a n a lys i s  of towers with 

a ny n u m be r  of feed a n d  s i d e  st rea m s .  

O t h e r  tea m s  a re i nvest i ga t i n g  c o m p u t e r  tec h n i q u es fo r mathemat ica l  

phys ics ,  m a c h i n e  too l p rogra m m i n g, taxonomy,  adva n ced fo recast i n g  

method s ,  a n d  i nfo rmation ret r ieva l .  The va r iety o f  p rojects i s  u n l i m ited . 

You too may m a ke a v ita l contr i but ion to t h i s  c h a l l e n g i n g  p rofes s i o n .  

T h e re a re o p e n i ngs i n  m a n y  c it ies  fo r m e n  a nd women with adva nced 

degrees in eng i nee r i n g ,  mathemat ics ,  or a phys ica l  sc ience;  or with a 

degree i n  one of these a reas p l u s  a M a ster 's  degree i n  b u s i n ess a d m i n ·  

i st rat ion o r  experience i n  computer p rogra m m i ng.  

For a conf ident i a l  i nterv iew at you r  conve n i e n ce,  contact a ny I B M  

B ra n c h  Off ice o r  o n e  o f  these Regio n a l  M a n a ge rs o f  App l i ed Science: 

L .  M.  Fu lton 

I B M  Co rpo rat i o n  

425 Pa rk Ave n u e  

N ew Y o r k  2 2 ,  N .  Y .  

R .  W. De S io  

I B M  Co rpo rat i o n  

618 S .  M i c h i ga n Ave. 

C h i cago 5, III. 

DATA PROCES S I NG  D IV I S I O N  I 

L. C. H u bba rd 

I B M  Corporation 

3424 W i l sh i re B i d .  

L o s  Angeles 5,  Ca l .  

M 
® 

© 1960 SCIENTIFIC AMERICAN, INC



mortality and causes of death, marriage 
and marital status, household and family 
status, school enrollment and education­
al attainment, internal migration and 
origins of population, labor force, occu­
pational composition and trends, indus­
trial composition, income, incidence of 
illness, religious affiliation, housing.  

THE SKY OBSERVER'S GUIDE, by New­
ton M ayall, M argaret M ayall and Jerome 
Wyckoff. Golden Press, Inc. ( $2 .95 ) . A 
clearly written handbook for amateur 
astronomers that covers first principles, 
tells how to use binoculars and tele­
scopes, describes the sun, the moon and 
the planets and other celestial objects, 
offers instruction on sky photography 
and advises on the care of equipment. 
Many illustrations .  Useful and unpre­
tentious .  

A BOOK ABOUT BEES , by Edwin Way 
Teale. Indiana University Press ( $ 1 . 95 ) . 

Paper-back reprint of this well-known 
naturalist's readable survey, originally 
published as The Golden Throng .  
Eighty-five photographs by the author. 

NIGHT VISION, by Gaetan E. JayJe, 
Albert G.  Ourgaud, L. F. Baisinger, 
William John Holmes . Charles C .  Thom­
as ( $ 13 .50 ) . A translation from the 
French, with modifications, of a mono­
graph on night vision and its derange­
ments . 

CLOSE BINARY SYSTEMS, by Zdenek 
Kopal. John Wiley & Sons, Inc. ( $ 16 .75 ) . 

A general account of our knowledge of 
close double stars, including an exposi­
tion of modern methods for the analysis 
of light changes of eclipsing double stars, 
and certain conclusions concerning the 
general physical characteristics and evo­
lutionary trends in such systems. 

AN INTRODUCTION TO THE KINETIC 
THEORY OF GASES, by Sir James Jeans .  
Cambridge University Press ( $2 .95 ) . A 
paper-back edition-the first of a prom­
ising new series issued by Cambridge 
University Press-of jeans's students' 
edition of his noted The Dynamical 
Theory of Gases. 

THE LATER PHILOSOPHY OF WITTGEN­
STEIN, by David Pole. Essential Books­
Oxford University Press . ( $2.40 ) . A 
short exposition and critique of Ludwig 
Wittgenstein's later opinions, expressed 
in his Ph ilosoph ical Investigations and 
Remarks on the Foundations of Mathe­
matics. An able book, but one that pre­
supposes an acquaintance with Wittgen­
stein's thought. 
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Innovation and 
Exploration 
at AVCO/RAD 
Avco's diverse activities lie in the 
disciplines and interdisciplines 
relating to: 

• Space and Upper 
Atmospheric Physics 

• High Temperature 
Materials 

• Space Propulsion 

• High Energy Flows 

• Microwave 
Communications 

The above technological areas are but 

a few of Avco's wide variety of interests. 

These important areas require dedication, 

scientific curiosity and originality. Several 

fields demand intense exacting rigor 

of deep penetrating study; others, the 
broadly sweeping innovative·integrative 

approaches. 

If you can produce results, whether in broad 
conceptual outlines or a system, in 

elucidation of some theory or in the details 
of sophisticated instrumentation, then you 

will want to join Avco(RAD. 

The division's new suburban location 
provides an attractive working environment 

outside of metropolitan Boston and 

Cambridge. 

The extensive fully equipped laboratories 

are close to Boston educational institutions 
and cultural events and the division offers a 

liberal assistance program to those desiring 

advanced study. 

Send resume to: Mr. Richard Rubino, 

Scientific and Technical Relations 

A Division 01 Aveo Corporation 
201 Lowell St., Wilmington Mass. 
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AMAZING ANATOMICAL REPRODUCTION 

Developed after years of 
work, precise life-size human 
skull is fine for doctors, 

nurses, lawyers, teachers, stu­
dents. Accurate in every 
detail, parts snap together, 
teeth glue in. Complete with 
a black display stand and 
anatomy identification chart 
with four head views. Com-
plete . . . .. ... .. $5.95 ppd. 

LIFE .. SIZE 

HUMAN 
SKULL 

$595 NOW ONLY ppd. 

• Accurate detail, contour, 
bone color and hardness. 

• Removable skull cap, 
spring-action lower jaw. 

• Four year work, $20,000 
production tooling. 

• A triumph of modeling 
acknowledged by doctors. 

::a.A.N'N'EB. SCXEN'TXFXC 
DEPT. S(:.6, 60 EAST 42nd STREET, NEW YORK 17, N. Y. 

�-------------------------------� 

GEARS AND SPLINES 
Precision-ground as 
small as .060 pitch 
diameter and small­
er . . . to 36 inches 
pitch diameter and 
lar�er. Spur and 
hehcal gears, splines, 
internal gears and 
racks. 

PRECISION GEAR 

ASSEMBLIES 

�"'�:"�.' '
. ,;, 

' ", Q "  
. . . . ... . 

. . . . . ' 

Complete gear boxes 
and gear trains . . . 
from designing to 
manufacturing to as­
sembling all the com­
ponents, Equitable's 
staff is efficiently 
equipped to handle 
all or any portion of 
the job. 

MASTER GEARS 
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Precision manufac� 
tured master gears 
to a total composite 
error of .00005 where 
necessary ... includ­
ing spurs and heli­
cals from 2 to 200 
diametral pitch. 

SPECIAL PROBLEMl \'iRITE. WIRE. OR 
TELEPHONE EQUITABLE ENGINEERING TODAY • • •  

ENGINEERING COMPANY 
2724 NORMANDY ROAD • ROYAL OAK. MICH. 

PHONE L.IBERTY 9·5300 

Associate Membership 
in the 

AMERICAN MUSEUM 

OF NATURAL HISTORY 

Membership in the AMERICAN Mu­
SEUM-a national asset in which every 
American can take pride-brings you 
and your family the cultural and edu­
cational benefits of a world-famous 
center of learning devoted to man's 
better appreciation of the world in 
which he lives. 

Your Membership brings the Mu­
selllll to you, wherever you are, and in­
cludes among other privileges a sub­
scription to Nat'ural History, the 
Museum's colorful magazine of won· 
ders in science, exploration and nature. 
Your Membership also helps advance 
the Museum's continuing program of 
scientific research, world-wide expedi­
tions, publications, conservation edu­
cation, Museum-school programs and 
other activities. 

Associate Membership dues are only 
$S annually. If you and your family 
would enjoy participation in this dis­
tinguished program, you are invited to 
write today to Dr. William A. Burns, 
Membership Secretary. 

THE AMERICAN MUSEUM OF NATURAL HISTORY 
Central Park West at 79th St., N. Y. 24, N. Y. 
Alexander i\1. White. pnES. Albert E. Parr, DII:. 

jOtlrnal of Mammalogy, Vol. 40, No. 
4, pages 481-495; November, 1959. 

QUADRUPEDAL AND BIPEDAL LOCOMO­

TION OF LIZARDS. Richard C. Snyder 
in Copeia, No.2, pages 64-70; June, 
1952. 

SOME LOCOMOTORY ADAPTATIONS IN 

MAMMALS. J. Maynard Smith and 
R. J. G. Savage in journal of the Lin­
nean Society-Zoology, Vol. 42, No. 
288, pages 603-622; February, 1956. 

SPEED IN ANIMALS. A. Brazier Howell. 
University of Chicago Press, 1944. 

ANIMAL INFECTIONS 
AND HUMAN DISEASE 

ANIMAL ECOLOGY 

Charles Elton. 
Press, 1930. 

AND EVOLUTION. 

Oxford University 

ANIMAL-MAN RELATIONSHIP IN TROPI­

CAL DISEASES IN AFRICA. J. Carmi­
chael in Transactions of the Royal 
Society of Tropical Medicine and Hy­
giene, Vol. 46, No. 4, pages 385-394; 
July, 1952. 

THE LOCALIZATION OF DISEASE WITH 

SPECIAL REFERENCE TO THE ZOONO­

SES. J. R. Audy in Transactions of the 
Royal Society of Tropical Medicine 
and Hygiene, Vol. 52, No. 4, pages 
308-328; July, 1958. 

NATURAL HISTORY OF INFECTIOUS DIS­

EASE. Frank Macfarlane Burnet. Cam­
bridge University Press, 1953. 

PARASITES AND PARASITISM. Thomas 
Wright Moir Cameron. John Wiley & 
Sons, Inc., 1956. 

PARASITISM AND EVOLUTION. Gordon H. 
Ball in The American Naturalist, Vol. 
77, No. 771, pages 345-364; July­
August, 1943. 

THE PRINCIPLES AND PRACTICE OF TROP­

ICAL MEDICINE. L. Everard Napier. 
The Macmillan Company, 1946. 

ZOONOSES OR INFECTIONS COMMON TO 

MAN AND ANIMALS. P. C. C. Garnham 
in The journal of Tropical Medicine 
and Hygiene, Vol. 61, No. 4, pages 
92-94; April, 1958. 

MATHEMATICAL GAMES 

IN THE TWINKLING OF AN EYE. Edwin 
B. Matzke in Bulletin of the TOTrey 
Botanical Club, Vol. 77, No. 3, pages 
222-227; May, 1950. 

THE AMATEUR SCIENTIST 

PRINCIPLES OF RADIATION DOSIMETRY. 

George Neilson Whyte. John Wiley & 
Sons, Inc., 1959. 

RADIOISOTOPE LABORATORY TECHNIQUES. 

R. A. Faires and B. H. 'Parks. Pitman 
Publishing Corporation, 1958. 
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MISSILE 

LAUNCHER 

Catapults like this hurled darts and iron ball missiles 

from castle strongholds. Medieval knights considered 

these the most formidable defense weapons in their arsenal. 

Missiles have become greatly more sophisticated since 

these crude catapults guarded kingdoms. As a vital part 

of one of the world's largest purely electronics companies, 

Raytheon Missile Systems Division is making great ad­

vances in this field. The exciting new Pin Cushion Project 

for the selective missile identification and the continually 

being improved Navy's air-to-air SPARROW III and 

Army's HAWK are examples of their outstanding creative 

work. 

We are now seeking talented, qualified people to main­

tain Raytheon's leadership in this constantly advancing 

field. Raytheon's Missile Systems Division creates a 

climate for much talent - perhaps your talent. 

14th CENTURY 

ENGINEERS: immediate openings in Data Handling -

Circuit Design - Packaging - Electro-Mechanical Design 

- Systems Test - Test Equipment Design - Systems 

Analysis - High Power Radar Design - Microwave Tube 

Application - High Voltage Power Supply - Modulators 

- Microwave Design - Systems Design - VHF Circuit 

Design - Operations Analysis - Radar Systems and 

Mathematicians. 

Please apply to Mr. W. F. O'Melia, Employment 

Manager, Bedford Laboratory, Missile Systems Division, 

Raytheon Company, Bedford, Massachusetts. 

16B 
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FUEL ELEMENTS t 
H� TO STACK 

® PARTICULATE FILTER 

FUEL ELEMENT 

o 8ED SUPPORT AND DIFFUSION PLATE 

UFo 

Hel 
F� RECYCLE �-------' 

F, 

Zr + 4HCl-7 ZrCl�+2H2 

U+3F2�UF6 

. and it wouldn't be possible without the Purolator filter 
that helps cut nuclear fuel reprocessing time from 24 hours to JI/2 

The latest achievement in reducing the prohibitive fuel-cycle 

costs of nuclear energy is a fluidized bed halogenation process 

that provides clean separation of uranium from a zirconium­

uranium fuel element. This new process, a big improvement 

on conventional gas phase volatility processes, was developed 

at Brookhaven National Laboratory. It would not be oper­

able without two Purolator developments: an Inconel metal­

edge distributor plate, A, which is faced on both sides with 

porous metal; and an Inconel frameless metal edge filter, B, 

which is faced on the outside with porous metal. 

The principal advantage of the fluidized bed technique is 

its speed in recovering uranium from spent fuel elements. The 

standard gas phase process takes 24 hours; with a fluidized 

bed, recovery time is cut to I Yz hours, and the reaction is 

more uniform and more easily controlled, too. 

To operate the Brookhaven pilot plant, a 10" section of 

spent fuel element is' submerged in a mass of inert granular 

material that is suspended in a mobile, or fluidized, state, by 

introducing hydrogen chloride gas at suitable velocity at the 

bottom of the reactor vessel. The Purolator-designed diffuser 

plate assures complete dispersion of the HCl through the gran­

ular bed. Inconel, a porous metal, is used to face the top and 

bottom surfaces of the plate, to resist the corrosion and the 

reaction temperature of the fluidized bed, which ranges from 

400-450°C. 

By creating a reaction in a fluidized bed, coefficients of heat 

transfer as high as 400 Btu/Hr x Ft2 x OF have been observed. 

with corresponding reaction rates up to 6000 mg per cm2/hr, 

much higher than could be achieved if gas were the sole cool­

ant. The upward velocity of the gas required to sustain the 

bed in a fluidized state tends to raise minute particles of ura­

nium above the bed. The metal-edge Purolator filter effectively 

screens these particles to prevent their loss. The filter that 

Purolator designed for the Brookhaven installation is com­

posed of a continuous Inconel spiral with integral risers, coated 

with a thin facing of Inconel which ensures an average filtra­

tion of I micron. 

Performance to date has been so successful that the Brook­

haven team plans to build a pilot plant halogenator to conduct 

complete hydrochlorination and fluorination reactions on full­

scale fuel elements. The full-scale production unit will incor­

porate six Purolator Inconel filters. In addition, because of 

its corrosion resistance, Inconel will be used as construction 

material for the halogenator
' 

vessel, instead of the present 

stainless steel. 

Presumably you don't have the problem we've just described, 
but it is a good case ill point that Purolator can filter anything 
that flows. And if your problem (whatever it is) could con­
ceivably involve a filter or a separator, Purolator can help 
you. 0 ur address,' Purolator Produ·cts, Inc., Dept. 2683, 
Rahway, New Jersey. 

Filtration for Every Knowll Fluid P U A. 0 LA TO A. 
PRODUCTS, INC. 

RAHWAY. NEW JERSEY. AND TORONTO. ONTARIO. CANADA 
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GULF ... AND THE REMARKABLE PROGRESS OF PETROCHEMICALS 

I NAG RIC U L T U R E . . . Petrochemicals give agriculture the fertilizers 
that make the pastures lush and green ... the wheat full and gold. From petro­
chemicals come the insecticides that guard the crops. Petrochemicals provide com­
ponents for rubber and finished fuels, oils and greases-to power the ponderous 
machines that till the rich land. From polyethylene comes irrigation pipe and 
mulch, machinery covers and silo caps, moisture barriers and pond liners. Fresh 
paint keeps the silo red and new. Wood preservatives double the life of barns 
and fences. Synthetic fibers decorate the home. 

Everywhere you look on today's farm, you see petrochemicals in action. Without 
them, modern farming would be set back 50 years. But the petrochemical industry 
is young yet. What will it do for farming in the next 50 years? Triple production? 
Double the growing seasons? Take the work out of farming? If chemistry is your 
field, these are your challenges and the results will be your accomplishments. Gulf 
would like to help you meet these challenges and share in your achievement by 
providing dependable petrochemicals in the quality and quantity you requir�. Let 
us tell you how we can serve you. Write or phone: Petrochemicals Department 
Sales Office, Gulf Oil Corporation, 360 Lexington Avenue, New York 17, New York. 

Quality Petrochemicals to Begin With 
Benzene· Ethylene' I sooctyl Alcohol· Propylene' 

Propylene Trimer and Tetramer· Sulfur · Toluene 
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• • 

VISIon "When you are faced with a potential enemy who has 
the capability and the announced intention of striking 

a sequence of catastrophic blows at times and places of his own choosing, 
you may not proceed by easy stages to the leisurely development of ultimate 
weapons. You must, with all speed, make those essential advances in 
the state of the weaponeering art which will most instantly intercept any 
possible aggression by any potential enemy." 

• 

aVenIr "Lorsqu'un ennemi eventuel est capable de frapper 
a tout moment et en tout lieu une serie de coups desastreux, 

et qu'il en a declare l'intention, il n'est plus question de mettre au point 
methodiquement et posement l'arme absolue. II faut en toute hiite donner 
a son armement les perfectionnements decisifs qui porteront aussitot un coup 
d'arret a to ute tentative d'agression." 

reality The USAF B-58 "Hustler" bomber flies faster than 700 miles per hour under 
500 feet and faster than twice the speed of sound over 50,000 feet. It is twice as fast 

as America's other operational strategic bombers. With in-flight refueling, the jet-powered B-58 
is a versatile intercontinental weapon system with high-level and low-level capabilities, including 
electronic countermeasures and nuclear bombing. The knowledge and the capability required to design 
and produce Convair Division's Mach 2 B-58 bomber can design and develop passenger planes 
that will fly as fast as 3,500 miles per hour. 

, let, Le bombardier "Hustler" B-58 de l'Armee de l'air des Etats-Unis vole a plus rea I e de 1.125 km a l'heure au-dessous de 150 m et a plus de deux fois la vitesse du son 
au-dessus de 15.000 m. II est deux fois plus rapide que les autres bombardiers strategiques en service 
aux Etats-Unis. Le B-58, bombardier a reaction pouvant etre ravitaiIIe en vol, est un engin inter­
continental aux usages multiples a haute et basse altitude, y compris les contre-mesures eIectroniques 
et Ie bombardement nucleaire. Les connaissances et les moyens qui ont permis a la Division Convair 
de concevoir et de construire Ie bombardier B-58 volant a Mach 2 peuvent servir a mettre au point 
des long-courriers atteignant 5.600 km a l'heure. 

ELECTRIC BOAT 

GENERAL ATOMIC 

CONVAIR 

GENERAL DVNAIVIIC:S 
CANADAIR LIMITED 

ELECTRO DYNAMIC 

STROMBERG-CARLSON 

LlOUID CARBONIC 

MATERIAL SERVICE 
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