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THE UNMISTAKABLE RING OF RELIABILITY 

Seldom has so much sturdiness been built into anything so 

small and so deceptively delicate in structure as the newest 

electron tubes. 

Nor is it likely that any one factor will contribute more to 

the ever-increasing reliability of electronics. 

New electron tubes under development at SYLVAN IA have 

a structural stability and dimensional tolerances undreamed 

of a few short years ago. What is more, such advances as the 

"frame-10k" grid and the wrap-around "sarong" cathode 

promise to extend normal tube behavior into areas of 

abnormal operating conditions. 

These are but a few of the reasons why SYLVANIA electron 

tubes continue to lead wherever reliability and survival are 

essent.ial to electronic equipment. 

The dramatic "evolution-to-revolution" story of SYL VANIA 

electron tubes is told in the ne w booklet, "A Ne w Era .... " 

For your copy write to Electronic Tubes Division, Sylvania 

Electric Products Inc., 1740 Broadway, New York 19, N. Y. 

Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
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COIne fly a kite! 
We need "KITE-FLYERS" 

· . . :men with the sa:me iIllagination that 

once sent a kite soaring in search of 

electricity 

· .. or turned a boiling tea-pot into power 

· .. or put hUIllPS in a hairpin to :make 

it hold better. 

I:magination :makes ideas! And, ideas 

are the sparks of our life. 

We're striving to de-salt seas, because 

of an idea. 

And, because of an idea, we're well on 

the way to weighing loaded trucks and 

trains as they hi-ball by I 

We'll nurture your ideas in our new 

Research Centers in Beloit, Wisconsin 

and Albuquerque, New Mexico-and 

give the:m the kind of life you want the:m 

to have. 

We respect ideas; we respect their crea­

tors -and we'll protect the:m. 

Have you got a kite to fly? 

We'll help fly it high! 

WRITE: Gordon R. Anderson, Executive Vice President 
600 South Michigan Avenue, Chicago 5, Illinois 

Fairbanks, Morse 
A MAJOR INDUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION, N. Y. 
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81,000,000 motorists are reliably 

served by parts produced on 

Sundstrand machine tools 

America's 81 million-plus licensed driv­
ers, operating over 68 million motor 
vehicles, travel an amazing 6.5 billion 
miles per year. 

The remarkably reliable performance 
of the engines and other major mecha­
nisms in these vehicles is a tribute to 
the modern machine tools which mass­
produce the mechanical parts at fan-

tastic speeds to almost infallible quality 
and accuracy standards. 

At some stage in its manufacture, 
nearly every motor vehicle built in 
America today is touched by Sundstrand 
machine tools. The fully automatic 
Sundstrand transfer-type machine 
illustrated completely machines four 
automobile engine blocks every three 
minutes-performing drilling, boring, 
milling, reaming, and tapping opera· 
tions, and automatically inspecting its 
own work. 

Other products of Sundstrand Rely. 
Ability include: industrial hydraulic com· 
ponents and systems ... machine tools 
and accessories ... fuel units for oil 
burners ... packaging machinery . • .  

hydrostatic transmissions ... aircraft 
and missile systems and components 
... and a wide range of small tools and 
specialty equipment. 

SUNDSTRAND CORPORATION 
ROCKFORD, ILLINOIS 
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�rnw@ 
from the $ Vacuum 

MICRONICLE* 

SAFER AIRCRAFT 

Failure of high tensile steel aircraft parts 
such as landing gear structures have been 
traced to embrilliement from hydrogen 
picked up during electroplating. Such 
parts are now finished with a new vacuum 
cadmium coating process which provides 
protection against corrosion without 
causing em brittlement. 

Thinner films of other metals are being 
vacuum deposited to develop improved 
semi�conductor and micro-molecular cir­
cuits and to produce low cost decorative 
finishes on metals and plastics. 

PURER METALS 

WITH ELECTRON BEAM 

Hard to melt 
materials such as 
t u n g s t e n, t a n­
talum, zirconium, 
m o l y b d e n u m, 
columbium and 
other high per­
formance metals 
c a n  n o w  be 
nle l t e d  without 
contam i nation. 
El ect r o n  b e a m  
c a  n b e  used for 
eit her melting or 
contamination­
free welding. 

These furnaces can operate at highest 
vacuums attainable in a furnace and melt 
stock in any form. Melting temperature is 
almost unlimited. Heating can be con­
centrated or spread out as desired. 

"�� �m!!Rliill 
j !&lit 

*FREE 

NRC Vacuum 

Micronicle 

a periodical containing 
details of above and 
other news about the 
field of high vacuum. 
Write on your company 
letterhead. 

$ 
NRC 

EQUtPMENT 
CORPORATtON 

A Subsidiary of National Research Corporation 
DEPT. 5.1, 160 Charlemont St., Newton 61, Mass. 

4 

THE COVER 

The photograph on the cover shows one version of an apparatus devised 
to test depth perception in animals and children (see page 64). The kitten 
is standing on a board laid across a sheet of heavy glass set on trestles. The 
patterned material, which lies directly beneath the glass on the right, is 
placed several feet below it on the left, giving the appearance of a ·'cliff." 
Kittens and other animals normally avoid the cliff, descending from the 
center board onto the "shallow" rather than the "deep" side. All of the 
species that hiwe been tested thus far have demonstrated depth perception 
in this manner as soon as they are old enough to move about, in some cases 
only one day after birth. Present indications are that depth discrimination 
is not learned but innate. A "cat's-eye" view of the scene can be obtained 
bv closing one eye and holding the other directly above the kitten's head. 
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Bausch & Lomb 
SPECTRONIC 5U5* 

Recording Spectrophotometer 

• · . less than half $ 3 6 85 VISIBLE 
RANGE 

the cost of other 
(UV-VISIBLE, 54285) 

recording 
spectrophotometers! 

See the revolutionary new instrument 
that directly records transmittance, 
absorbance, reflectance and emission 
in UV and visible ranges ; .. 

with an exclusive electronic sensor that 
automatically adjusts drum speed to 
variations in curve complexity ... 

featuring B&L Certified-Precision 
Gratings. 

Write for your copy of Catalog D-2009, 
Bausch & Lomb Optical Co., 

69404Bausch Street, Rochester 2, N. Y. 

Only 36" x 22" x 15", it's as streamlined 
as the universally accepted B&L 

Spactronic 20* Colorimeter ... 

with a complete line of accessories 

including an exclusive new air-cooled 
Hydrogen lamp ... 

at less than half the cost of other 

recording spectrophotometers. 

"Trademark, Bausch & Lomb Optical Co. 
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BARDE N end-bell bearings 

boost miniature gyro performance­

reduce assembly time and cost 

Integral design simplifies manufacture, reduces mating-part errors 

Z155, above and in main 
illustration, is one of several 
B arden Precision end-bell 
bearings currently in volume 
production. Bore sizes range 
from .0781" to . 1250" for 
through-bored rotor rings 
from .5751" to .9375" J.D. 
For complete technical in­
formation, write for Engi­
neering Data Sheet Z-l. 

Rotor bearings for miniature rate gyros in missile stabilizing systems must meet extremely 

high performance requirements, yet allow economical production and assembly. To solve 

this problem, Barden pioneered special configuration, high precision end-bell bearings. 

Pressed into opposite sides of the through-bored rim, these bearings become an integral 

part of the gyro spin mass while serving as end caps for the gyro wheel assembly. This 

eliminates delicate fitting of very small bearings into conventional end bells ... reduces 

mating-part errors and assembly time ... improves squareness, concentricity, and overall 

accuracy and reliability. 

One gyro manufacturer reports that the use of Barden Precision end-bell bearings in place 

of conventional flanged bearings reduced noise levels 50% and made it possible to meet 

unusually stringent life requirements. 

Like other Barden advances in design and production, end-bell bearings solve a specific 

performance problem. Other Barden Precision bearings satisfy such extreme demands as: 

• High temperatures (to 575°F.) • Low torque (to 10 dyne-cm. for 2Ib.load) 
• High speeds (to over 300,000 RPM) • Concentric rotation (to .00005" max. T.I.R .) 

Barden is a major supplier of standard bearings in sizes from .0469" bore to over 3" O.D., 
all manufactured to Barden Precision standards of dimensional accuracy, uniformity and 
reliability. See Sweet's Product Design File (Sh/Ba) for Barden catalog and bearing 

selection guide. 

forreliabilily ... specify BAR DEN PRECISION BALL BEARINGS 
THE BARDEN CORPORATION, 216 Park Avenue, Danbury, Connecticut 
Western Office: 3850 Wilshire Boulevard, Los Angeles 5. California 
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AT RAVTHEON-· 

Scientific Imagination Focuses on-

MICROCHEMISTRY OF SURFACES 

Surface impurities of less than half a monolayer can 
have a marked effect on semiconductor performance. 
Because these impurities-residual oxides and adsorbed 
gases-occur in such minute amounts, highly sophisti­
cated techniques are required to detect their presence. 
The preparation of optimum semiconductor surfaces 
requires detailed microchemical data. 

To investigate the oxidation and adsorption kinetics 
of germanium and silicon, Raytheon researchers de­
signed and constructed a vacuum microbalance sys­
tem. The vacuum microbalance reproducibly detects 
weight differences of less than three-billionths of an 
ounce in single crystal oriented samples, 0.002 to 
0.004 inch thick, weighing a hundredth of an ounce. 

All measurements and analyses are performed in an 
ultra-high vacuum system in which pressures of 10-10 
mm Hg are achieved. The initial oxygen concentra­
tion is less than one ten-billionth of the gas ambient in 
the apparatus. Experiments can be performed at tem­
peratures ranging from 1200° C. to -195° C. A com­
bination of an "omegatron" mass spectrometer and 
the microbalance provides information concerning 
changes both in the weight of a sample and the com­
position of the system ambient. Raytheon has made 
substantial contributions to the development and un-
derstanding of the omegatron. .' � 

Information obtained from these investigations will 
guide the development of advanced semiconductor 
designs. Among the scientists responsible for this un­
usual research endeavor are Dr. S. P. Wolsky and Dr. 
E. J. Zdanuk of Raytheon's Research Division. 

I 

i _yo Wa"'a .. M .... ! 
Excellence in Electronics 

\ 
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Davison Silica Gel-one of Industry's most versatile chemicals 

Silica Gel is a form of silicon dioxide with a porous 

structure that can adsorb 40% of its weight of water 

from saturated air. The internal pore surface area of 1 

cu. in. of silica gel is calculated to equal 90,000 sq. ft. 

Its adsorption property is purely physical ... pore size 

and shape remain constant on saturation. 

This large surface area characteristic is the basis for 

a number of industrial applications for silica gel. Be­

cause surface area, pore size and density can be care­

fully controlled during production, silica gel has found 

profitable use in such widely divergent fields as paint, 

8 

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 support, write Dept. 5104 for 

technical assistance and information. 

DEPARTMENT 5104 

"".R.GRACE & co.��4 
DAVISON CHEMICAL DIVISION

\.. 

..,"". 

SAL TIMORE 3, MARYLAND .... \ 
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FOR THE COMBAT MARINE 
Stromberg-Carlson-San Diego, in cooperation with the U.S. Marine Corps, 
has developed a revolutionary new tactical communications concept that will 
instantaneously transmit intelligence from forward observers and present 
a simultaneous tactical display to command. Known as BASIC (Battle Area 
Surveillance and Integrated Communications), it works this way: 

Forward observers are equipped with small, hand-held digital message generators 
on which reports are "set up" through a series of switches. After checking the 
accuracy of his message, the observer sends the entire message in a short 
burst over his standard field communications equipment. The burst transmission 
doesn't interfere with simultaneous voice communication over the 
same radio channel. 

Back at the command post, surveillance information is instantly displayed 
on a tactical map and simultaneously presented on typewritten cards showing 
target identity, location and other important information. Data may be fed 
directly to tactical computers for artillery fire control. 

The same techniques and equipment used for the Marine Corps' BASIC concept 
are readily adaptable to a multitude of other military and commercial 
communications and display systems. For information about how BASIC techniques 
can solve your problems, contact Stromberg-Carlson-San Diego, Dept. A-35, 
1895 Hancock Street, San Diego 12, California. Telephone CYpress 8-8331. 

STROMBERG-CARLSON-SAN DIEGO 
A DIVISION OF GENERAL DVNAMICS CORPORATION 

© 1960 SCIENTIFIC AMERICAN, INC
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The special skills 
that produce 
"black gold" from 
the depths of the earth • • • . . .  help keep the 

temperature in 
modern homes on a 
year 'round even keel! 

In every oil field from the Middle East to our West 
Coast, equipment and services by B-W's Byron Jackson 
Division and BJ Service are at work. Included : elevators, 
hooks and power tools to handle pipe probing miles 
deep; cementing, acidizing and fracturing services for 
maximum oil production. 

Heat Pump by York Division, a single compact 
unit, brings you indoor comfort throughout all seasons. 
Without flames or fumes, it surrounds your family with 
warm winter heat-even when 0° outside. In summer, 
two cooling systems fill your home with natural cool­
ness-even if air is 115°. 

back of both 

The 7 Hats of Borg-Warner 
• • •  (left to right) national de­
fense; oil, steel and chemicals; 
agriculture; industrial machin­
ery; aviation; the automotive 
Industry; home equipment. 

·BORG-WARNER® 
You'll encounter Borg-Warner in every kind of retail establishment you enter. In 
hardware stores, you can buy hand saws made by the Atkins Saw Division and 
shovels made by the Ingersoll Steel Division. Food in grocery stores is grown with 
the help of farm tractors equipped with such Borg-Warner parts as Borg & Beck 
Division clutches. In auto showrooms, all American-made models contain B-W 
parts. Fabrics in apparel shops might well be woven by machinery with com­
ponents made-to-order by the Spring Division. Thousands of appliance dealers 
handle our famous Norge line. And, though you may not be in the market for 
a missile booster by Ingersoll Kalamazoo Division, such products for national 
defense help guard the nation with the world's highest standard of living. 

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

© 1960 SCIENTIFIC AMERICAN, INC



In research ... 
A Model 906 Honeywell Visicorder wrote this 
record of pressure fluctuations ... "buzz" ... for 
engineers at the NASA Lewis Flight-Propulsion 
Laboratory in Cleveland. "Buzz" is an unsteady 
variation in the pressure and airflow character­
istics of a supersonic aircraft or missile inlet. 
These Visicorder studies defined the buzz-free 
operating limits of the inlet, and provided the 
designers with structural load information in 
case the inlet were inadvertently caused to oper­
atel on buzz'during flight. This load information 
is vital, for inlet buzz can result in fluctuating 
structural loads of the order of 1000 psf ... loads 
which could cause structural failure of the inlet 
and loss of the airplane. Visicorder records such 
as this have played an 'important role in the de­
sign of inlet control systems. 

Pr-essvr-e 
aT in \e+ race 

ay-pass 
va Ive cloSing 

Inlet' 
de-lay t'ime 

Tim.. ) 
GO c.ycle t-·'me .... t-r-oc.e 

I these are records 01 leadership 

In medicine ... 
This directly-recorded Vi sic order chart has told 
the scientists of the U. S. Public Health Service 
Occupational Health Program an important 
story about uneven alveolar ventilation in the 
human lung during a single breath of oxygen. 
In these lung function tests, the Visicorder 
measured anatomic dead space and abnormali­
ties in the distribution of inspired gas in the 
alveoli of the lungs. The subject, under test, in­
haled 100% oxygen to dilute nitrogen in the 
lungs. The Visicorder recorded the volume and 
the nitrogen percent of the exhalation. In these 
and in hundreds of other scientific and industrial 
applications, Visicorders are bringing about new 
advances in product design, computing, control, 
rocketry, nucleonics and production. 

For information 011 applying the unlimited useful­
ness of the V isicorder to your specific problems, phone 
yo/(r nearest Honeywell Industrial Sales Office. 

The Honeywell Visicorder 

provides instanl/y.readable. 

high-sensitivity data a/frequencies 

from DC to 5000 CPS. 
There are models with 8, 14, 
or 36-channel capacities. 

Visicorder records 2/3 actllal size. 

I ' , n j I�)O I'I'\!.... i 

(....All:. iA,. ) 

Honeywell 

[!jJ��'P�� 
Reference Data: Write for specifications on Visicorders 9068,1108 and 1012. 

Minneapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 

II 

© 1960 SCIENTIFIC AMERICAN, INC



TRANSISTORS 
OIOOES 
RECTIFIERS 
SWITCHES 
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KECOFAX® 
105/35mm 

Projector· Printer 

Now, for the first time, a unit 
that produces sharp, permanent, 
work-size electrostatic prints up 
to 34" x 48". From exposure to 
print in 40 seconds. Delivers as 
many as 19 prints automatically. 
Process completely eliminates 
wet processing. Direct exposure 
onto electrically charged paper 
forms a l a t e n t  electrostatic 
image by dissipating charges in 
the light struck areas ... passage 
through toning and fusing cham­
bers forms and permanently 
fixes a visible image. 

2 Dynamic 

MICRO·MASTER® 

105/35mm 
Camera· Projector 

A new K&E exclusive combines 
the two important miniaturiza­
tion systems-l05mm and 35mm 
-in a single, compact unit, per­
mits tailoring of reproduction to 
the exact requirements of each 
job. Camera and projector are 
combined in a single overhead 
assembly with interchangeable 
magazines. Operator can shift 
from camera to projector, 
I05mm to 35mm, roll to sheet 
film, black and white to color 
.. . in seconds! 

New Developments in Miniaturization of Engineering Drawings 
Maximum performance and lIexibility 

are yours in these new K & E units ... 

Miniaturization takes on a new dimension with the introduction of 
these two new K&E units-the basic components of a complete repro­
duction system engineered by K&E to provide maximum speed, accu­
racy and flexibility in miniaturization of engineering drawings. 

For use in conjunction with your present equipment, or as the founda­
tion of a complete new system, the MICRO-MASTER l05/35mm 
Camera-Projector and KECOFAX Projector-Printer working to­
gether provide both 105 and 35mm negatives and all sizes of prints 
required from full-size to any reduced size. Incorporating dozens of 
outstanding engineering firsts, these units represent an entirely new 
concept in effortless, lull-range miniaturization ... 

For further details on these new K&E units, and the complete line of 
MICRO-MASTER and KECOFAX miniaturization equipment, send 
us the coupon to the right. ..,. 

r-------------------, 
I KEUFFEL & ESSER CO., Dept. SA·4, Hoboken. N. J, I 
I Please send me complete information on the 0 MICRO-MASTER® I I I05j35mm Camera-Projector, 0 KECOFAX® Electrostatic Pro- I 
I jector-Printer, and allied Miniaturization equipment by K&E. I I Name & title I I Company & address I 
I I 
L ___________________ � 

KEUFFEL & ESSER CO. 
NEW YORK · HOBOKEN, N. J . •  DETROtT • CHICAGO 

MILWAUKEE · ST. LOUIS · DALLAS . DENVER 
SAN fRANCISCO · LOS ANGELES • SEATTLE • MONTREAL 
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No. 12 oJ a series 

Eastman 910 Adhesive 
solves another 

production bottleneck 
Electronic Associates, Inc., of Long 
Branch, N. J., makes PACE analog com­
puters for industrial and military use. 

By using adhesive bonding in place 
of bracket-mounting, its design engi­
neers achieve simpler, faster, space­
saving emplacement of 10 electrical 
relays in each of the several digital 
attenuator units associated with the 
computer. 

One drop of Eastman 910 Adhesive 
quickly bonds each aluminum relay 
case directly to a phenolic potentiom­
eter cover plate, eliminating mounting 
brackets. Wiring is reduced, too. 

Eastman 910 Adhesive was selected 
because it "was cleaner than other ad­
hesives, resists vibration, does the job, 
and sets quickly." 

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 (;..3-oz.) send five dol­
lars to Armstrong Cork Co., Industrial 
Adhesives Div., 9104 Inland Road, Lan­
caster, Pa., or to Eastman Chemical Prod­
ucts, Inc., Chemicals Div., Dept. 5-4, 
Kingsport, Tenn. (Not for drug use) 
See Sweet's 1960 Prod. Des. File, 7/£ 
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LETTERS 
Sirs: 

I enjoyed reading Martin Gardner's 
account of his visit with Dr. Matrix 
["Mathematical Games"; SCIENTIFIC 
AMERICAN, January]. When the doctor 
was discussing the first chain reaction 
[obtained by Enrico Fermi in 1942; re­
versing the 94 gives 1492, the year an­
other Italian made a great discovery], he 
was certainly on the right track, but be­
cause he did not work actively on the 
Manhattan District project, he missed 
some important verifications of his con­
clusions. He would have known, of 
course, that the only reason the pile was 
built during the war was to produce 
plutonium, the 94th element in the pe­
riodic system. What Dr. Matrix missed 
by not having Manhattan District clear­
ance was the fact that the code designa­
tion for plutonium, all during the war, 
was "49." If the good doctor had had 
this fact available to him, he would also 
have pointed out that element 94 was 
discovered in California, the land of the 
49'ers. 

Since the real test of a new theory is 
its ability to predict new relationships 
which the author of the theory could 
not have foreseen, you have convinced 
me that numerology is here to stay. 

LUIS W. ALVAREZ 

Radiation Laboratory 
University of California 
Berkeley, Calif. 

Sirs: 
In his article in the January issue of 

Scientific American, "The 600-Foot 
Radio Telescope," which is in general 
devoted to looking a few years into the 
future, Edward F. McClain, Jr. , quotes 
one figure that is a vestige of the past. 
He says: "Both solid-state devices 
[masers and parametric amplifiers] have 
lowered receiver temperatures to around 
100 degrees Kelvin. " 

M. Uenohara and W. M. Sharpless of 
the Bell Telephone Laboratories have 
reported a six-kilomegacycle parametric 
amplifier with a noise temperature of 
around 20 degrees K. (M. Uenohara and 
W. M. Sharpless, Proceedings of the In­
stitute of Radio Engineers, pages 2055-
2148; December, 1959). Masers have 
exhibited noise temperatures of around 
10 degrees K., and R. W. DeGrasse, 
D. C. Hogg, E. A. Ohm and H. E. D. 

Scovil, also of the Bell Laboratories, 
have attained an over-all receiving sys­
tem noise temperature of around 18 de­
grees K. (R. W. DeGrasse, D. C. Hogg, 
E. A. Ohm and H. E. D. Scovil, Journal 
of Applied PhYSiCS, Vo!' 30, page 2013; 
December, 1959). This included about 
three degrees K. due to various circuit 
losses, and two degrees K. due to recep­
tion of radiation from behind and to the 
side of the antenna, as well as 10 de­
grees K. due to the maser and three 
degrees from the sky. It appears that all 
but the sky noise are amenable to re­
duction, and we might reasonably ex­
pect noise temperatures below 10 de­
grees within a few years. Thus for the 
near future McClain's figure seems Lo 
be pessimistic by about an order of 
magnitude. 

We should note that so far as Signal 
level (not resolving power) is con­
cerned, a reduction of noise by a factor 
of 1/10 is equivalen t to an increase in 
antenna diameter of over three times. 
Other things such as bandwidth enter 
into the matter, but the point is an im­
portant one. 

In order to attain low noise-tempera­
ture it is of course necessary so to de­
sign the antenna and the feed that little 
radiation is picked up from the hot earth. 

J. R. PIERCE 

Bell Telephone Laboratories 
Murray Hill, N.J. 

Sirs: 
It is indeed gratifying to hear that 

workers at Bell Laboratories have 
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Putting an astronaut in orbit is only the beginning. Vitro, through its 

Nems-Clarke division, is supplying all ground r.f. telemetry equipment 

for Project Mercury. Purpose: to receive and record 68 different signals 

at 17 tracking stations around the world -telling specialists on earth 

how man and equipment react to conditions in space. Another ex­

ample why Vitro means more than atomic energy . .. space electronics. 

�� CORPORATION OF AMERICA Z "rll '" MAO"ON AV'N",. New YORK " .  N. Y. 

VITAL 

DATA 

FROM 

MAN 

IN 

SPACE 
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B-52G De-Icing Requirement 
Solved byCOX 

for BOEING 
The unique Q-tube in the Boeing B52G was 

designed and is being produced by Cox. Its 

function is to s ense dynamic pressure for 

modulating the permissible control forces, 

and features integral electric de-icing of 

sophisticated design. 

Cox & Company is a major source for new 
design and volume production in the fields of 
de-icing, temperature c ontrol and special 
heating elements for military equipment, 

Ask for li terature or specific information� 

COX & COMPANY, INC. 
115 EAST 23 STREET, NEW YORK 10, N. Y. 

Engineering Representatives in Most Areas 

achieved system noise temperatures in 
the neighborhood of 20 degrees Kelvin 
utilizing both masers and parametric 
amplifiers. I was perhaps being more 
practical than pessimistic in quoting 
the system noise temperatures in the 
neighborhood of 100 degrees K. , since 
temperatures in this order are more 
nearly in keeping with what we and 
others have achieved in applying these 
devices to existing radio telescopes. It 
was of course impossible to refer to the 
Bell Laboratories work since it did not 
appear until December, 1959, well after 
the deadline for the January, 1960, Sci­
entific American. 

EDWARD F. MCCLAIN 

Head 
Radio Astronomy Branch 
U. S. Naval Research Laboratory 
Washington, D. C. 

Sirs: 
I read the article "The Green Flash" 

by D. J. K. O'Connell, S.J., in the Jan­
uary Scientific American with great in­
terest. It answered many questions about 
this phenomenon that have been on my 
mind for several years. 

During World War II, I was on duty 
with the Navy in the Pacific theater. One 
morning, while I was standing a 0400 to 
0800 shipboard lookout watch off the 
coast of Japan, I began looking at the 
eastern horizon as the predawn glow 
gathered. It was a perfectly clear morn­
ing; the sky cloudless and the horizon 
sharply etched against it. I anticipated 
seeing a beautiful sunrise. But I was not 
prepared for the startling green flash dis­
play which would soon treat my eyes. As 
tlIe first glimpse of the sun itself ap­
peared, I was shocked to see that it was 
not its usual rosy sunrise color. Instead 
it was a brilliant, ghastly, unreal green; 
like a green fire. And not only the rim 
appeared green; but the entire visible 
portion of the sun's disk, amounting to 
about half of its diameter as it rose high­
er and higher, was solidly colored a 
fiery green. I didn't dare blink my eyes. 
The display lasted at least five seconds, 
during which the sun appeared to be 
a perfectly intact, sharply defined green 
disk. Then, suddenly, the sun became 
its normal rosy-white color. 

Now I know, at last, that I really saw 
what I thought I saw. 

New York, N.Y. 

ARNOLD FREIBERGER 
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QUICKCOMPARISON 
CHART Some unique combinations of 

electrical and physical properties in Anaconda metals 

that may save you money-handle tough jobs better 

Properties shown for TENSILE 
precipitation·ha rdened STRENGTH 
condition-Heat·treatable psi 
alloys 

Chromium 65,000 55,000 
Copper·999 
(Cu 99.05%, Cr .85%, 
Si .10%) 

leaded 
Nickel 
Copper-83l 80,000 70,000 
(Cu 97.8%, Pb 1.0%, 
Ni 1.0%, P .2%) 

Cunisil-837 
(Cu 97.5%, Ni 1.9% 90,000 70,000 
Si .6%) 

To give you a basis of comparison, here are properties of 
two standard Anaconda electrical coppers 

ETP Copper-l DO 
(Cu 99.9+%) 

Leaded Copper-126 
(Cu 99.0%, Pb 1.0%) 

48,000 

48.000 40;000 

ELONGA· MACHIN-
TlON ABILITY 

% in 2 in. . compared with 
or4xD F.C. Brass 

at 100 

20 20 

'1 80 

8 40 

15 20 

12 80 

The values given above are intended as a guide to 
some unusual combinations of electrical and physi­
cal properties available among Anaconda alloys. If 
any of them gives you an idea for possible solution to 

a tough problem or indicates a way to cut costs with­
out sacrifiCing quality or performance - see your 
American Brass representative for more details. Or 
send in this coupon today. 5949 

COPPER • BRASS • BRONZE • NICKEL 

SILVER MILL PRODUCTS 

® ANACONDA 
PRODUCTS 

Made by The American Brass Company 

The American Brass Co., Waterbury 20, Conn. 
In Canada: Anaconda American Brass Ltd., New Toronto, Onto 

Please send me more information about the following alloys, 

o Chromium Copper-999 0 leaded Nickel Copper-831 

o Cunisil-837 0 Leaded Coppers 

o Electrolytic Tough Pitch Copper-lOO 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • •  

Company . . . . • . . . . . . . . . . . . . • • . . . . . . • . . . . . . . . . . . . . • . . . . .  

Street ................................................ . 

City . . . . . . . . . . . . . . • • . . . . • .  . . Zone ..... State. 
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4 bright ideas ... 
WITH SYLVANIA PANELESCENT® LAMPS 

Here's imagination to challenge your own-the first 
new light source in fifty years. 

Without bulbs - without tubes - without fixtures­
Sylvania research brings you light from sheets of 
coated steel that can be fabricated in virtually any 

shape. Totally new light from Panelescent lamps. 
Cold. Uniform. Shadowless. 

Today you can create easier-to-read dials for clocks, 
radios and other appliances. You can design glow­
lighted dashboards for automobiles, and stairs and 

yours!, 

halls for homes and hotels that are safer at night. 
Tomorrow you may be designing walls and ceilings 
that come alive with gentle radiance. Soft whites, 
refreshing greens, cool blues, and warm yellows. 

Do you feel an idea coming on? Would you like 
more information to spark your thinking? If so, write 
to Sylvania Lighting Products, a Division of Sylvania 
Electric Products Inc., Dept. 51, 60 Boston Street, 
Salem, Mass. In Canada: Sylvania Electric (Canada) 
Ltd., P.O. Box 1190, Station "0," Montreal 9. 

Subsidiary of GENERAL TELEPHONE & ELECTRONICS G�L 
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S TEPS IN TH E R ACE TO OUTER SPACE 

Escape In Space 
The space-assembled super satellites of 

the future will periodically encounter dis­

aster-collision, mechanical failure, mili­

tary attack, or the long chance of being 

hit by a meteorite. When this happens, 

"life boats" like the one shown here will 

bring their crews safely back to earth. 

Here is the operational sequence of an 

escape in space: 

L Crew members don pressure suits and 

strap themselves into decelleration beds 

within the pressure-intact unit. 

3_ Acting on orders from an astrogational 

computer, the retro-rockets check the 

capsule's speed and break it out of orbit. 

(Foreground. Note details of offset heat 

shielding·, hatches, slow-down parachute 

covers.) 

4. As the capsule enters the outer atmos­

phere, the heat shield protects the astro­

nauts. The life boat's momentum slows 

even further, and the shield is jettisoned 

as it cools. 

5. Four parachutes are released, acting 

as air brakes. After a computed interval, 

other chutes are released. 

6. The capsule lands in a predetermined 

sea rescue area, and a ring of flotation 

bags inflate. A radio broadcasts the craft's 

location, and a bright sunshade serves as 

a visual and radar target for rescuers. 

A"..,A, now providing t h e  inertial  

guidance system for the ATLAS ICBM 

and engaged in advanced research and 

development, is in the vanguard of the 

race to outer space. For this effort, 

A"..,A needs scientists and engineers 

experienced in astronautics. AR..,A, 
Garden City, New York. A Division of 

American Bosch Arma Corporation. 

2. At the "Abandon Ship" signal, low­

power, RATO-type launching rockets blast 

the sealed capsule from the threatened 

station (upper right illustration). AIWERICAN BOSCH ARIWA CORPORATION 

19 
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These illustrations are 
adual reproductions from 
sections of high-speed 
film used to analyze con­
tact operation. Taken at 
7500 frames per second. 

Test lllovies at 
7500 frallles/second 
... ufreeze" motion-enabling engineers to 

study action of Allen-Bradley Motor Control 

Here we see high-speed photography capture the motion of contacts that is 
thousands of times too fast for the human eye to follow. At 7500 frames 
per second, a special camera provides an accurate and permanent contact 
action record. By projecting the film at slow speed, A-B engineers can 
examine the structural behavior of components, such as contacts, plungers, 
springs, etc. And when this film is projected onto the screen of a special 
motion analyzer, precision measurements-to 1/1000 of an inch-are 
possible. Allen-Bradley makes use of every available facility to study and 
make certain that the Allen-Bradley control you buy will'live up to its 
reputation for long life and trouble free performance. 

High-speed photography is but one step in the exhaustive testing and 
rigid production control that stand behind the world-famous A-B trade­
mark of quality. Insist on Allen-Bradley for all xour control requirements­
it is a decision that will save you money through the years. 

ALLEN - BRADLEY 
Member of NEMA 

Quality Motor Control 
Allen-Bradley Co., 1204 S. Third St., Milwaukee 4, Wis. 

In Canada: Allen-Bradley Canada Ltd., Galt, Onto 
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Individual records can be made of 
high-speed repetitive sweeps through 
overlapping spectral bands. 

INFRARED SPECTRUM ANALYSIS 

... for advanced airborne systems 

Infrared spectroscopy is an advanced means of "finger­
printing" objects of military and scientific interest in the 
sky and on the ground_ The Bendix Systems Division is 
now extending its infrared skills in the interpretation and 
prediction of reconnaissance covering the earth, to systems 
sweeping the sky. 

Under current development is an airborne tracking 
spectrometer providing data over the entire spectrum 
from the infrared to the ultraviolet. This spectrometer, 
together with instrumentation for navigation references, 
acquisition, scanning, and data processing, is being de­
signed for operation in multi-jet aircraft. It is a technique 
which will be a building-block for future reconnaissance 

and defense systems, and will provide design data pre­
requisite to advanced weapon development. 

Other infrared projects include satellite reconnaissance 
systems, meteorological applications, airborne scanners, 
drone augmentation, mapping, and communications 
techniques. 

Progress in advanced infrared programs exemplifies 
Bendix leadership in "the systems of tomorrow." For 
engineers and scientists interested in building new careers 
with these system developments, the Bendix Systems 
Division offers challenging opportunities. Inquiries are 
invited regarding these positions. 

Bendix Systems Division 7encf� 
ANN ARBOR, MICHIGAN AVIATION CORPORATION 
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PROJECT: MISSILES FROM UNDER THE SEA 
FILTER APPLICATION: PROJECT HYDRAULIC CONTROLS 
FILTER: PUROLATOR 

Accurate launching of the Polaris missile from beneath atures from -420°F to 1,200°F - pressures from 0.000 
the sea depends on instant response and perfect accu- to 20,000 psi - flow rates from a few drops to thousands 
racy of complex hydraulic control circuits. of gallons per minute - filtration from submicronic to 

These hydraulic control circuits presented totally 700 microns. 
new filtration requirements. Lockheed engineers pre- Filtration conditions like these have been met by 
sented these stringent requirements to Purolator - and Purolator filters ilf scores of industries, including food 
Purolator met them with unique new designs so success- and chemical processing, metalworking, transportation, 
ful that Purolator filters are an integral part of all Polaris petrochemicals, uranium processing, plastics manufac-
launching mechanisms. turing and liquid oxygen production. And the engineers 

The filters that protect the Polaris are just one exam- who solved these filtration problems are ready to solve 
pIe of the kind, of imaginative engineering that's a yours. A phone call or a descriptive letter with blue-
specialty at Purolator. Purolator engineers have devel- prints will receive their prompt attention. 
oped flit,"" in ev",y knO�a::::m, t�

:

!
::. 

h,ndle;� 
R 0 LA TO A 

For Every Known 

Fluid PRODUCTS. INC. :. RAHWAYt NEW JERSEY AND TORONTO. ONTARIO, CANADA 
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EAI 

P�CE® 

analog computers 

meet your needs today - _ 

tomorrow 

New 8olid4state computer and desktop X�Y plotter. EAI 

MODULAR DESIGN PROVIDES FLEXIBILITY AND ECONOMY 

The PACE 231R is one of the most versatile, flexible 

computers ever designed. It is composed entirely of 

standard production line components. As a result, you 

have the benefit of a custom-built computer without 

the costs of special design. 

You can start with a single console containing 

40 operational amplifiers and 20 coefficient potentiometers 

(or less) - then expand by adding standard plug-in 

components, stock harnesses, and hardware. No soldering, 

no cable lacing, no metal work required. A single 
console can contain up to 80 operational amplifiers, 

150 coefficient potentiometers and additional 

control and operational components. 

Large 3450 hole pre-patch panel provides terminations 

for up to 100 amplifiers, 150 potentiometers, and many 

assorted linear and non-linear components. When your 

demands exceed the capacity of the basic console, 

components can be added in groups-housed in compact, 

rugged racks which blend perfectly with the basic console_ 

You can choose from the world's widest line of 

computing components and accessories. For example, 

EAr offers 61 different types of servo and electronic 
multipliers and a wide variety of fixed function generators 

for performing sin x, cos x, X2, log x, x4 and other commonly 
encountered mathematical operations. For added 
fle-xibility, many operational amplifiers are non-committed 

and may be used as summers or integrators. 

® 

Servo multipliers can generate non-linear functions 
in addition to multiplying. Readout equipment includes 

recorders, plotters, digital voltmeter, high-speed printer, 

oscilloscopes. 

The first EAr computer, sold nearly 10 years ago, has 
been continually expanded and is still serving its owner_ 
It is this durability that makes PACE your best 

computer investment. 

Precision A..nalOg Computing Equipment 
Outstanding opportunities for engineers with proven 
ability-resumes invited. 

ELECTRONIC ASSOCIATES, INC. 

Long Branch, New Jersey 
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Another 

AMERICAN 

ELECTRONICS 

FIRST 

The revolutionary new RADIFLO testing method is one 

of many developments to come out of American 

Electronics' continuing program of research. The 

Nuclear Division is part of the American Electronics 

corporate family, an alignment of ten divisions offering 

more than 50 product lines and services for consumer, 

industrial and military use. For a more complete pic­

ture of these products and services write for the new 

brochure THIS IS AMERICAN ELECTRONICS- available 

through the Product Information Department at the 

general office of the Corporation. 

RADIFLO 
LEAK DETECTOR FOR 

SEALED COMPONENTS 

From research at the Nuclear Divi­

sion of American Electronics has 

come the first sure non-destructive 

test equipment for detecting" leakers" 

in hermetically sealed components ... 

now adaptable for automation. At a lower 

cost per unit, RADIFLO tests to a sensitivity 

as high as 10 -12 cc/sec, which is one hundred 

times greater than that of any other method. 

Components under test by RADIFLO are sub­

jected to inert, radioactive gas (under pressure) 

which enters all existing leaks. After a "soaking" 

time, an air wash removes all radioactive material from 

external surfaces. Each component is then placed in a 

scintillation counter, automatically or manually, for "go­

no-go" inspection. A pre-selected acceptance leak rate 

allows even inexperienced workers to perform the RADIFLO 

test without error. For details on RADIFLO equipment or 

RADIFLO Testing Service, please write the Nuclear Division, 

9459 West Jefferson Blvd., Culver City, California. 

American Electronics products and services 

include: ACTU ATORS . ELECTRO-MECHANICAL 

ROTARY COMPONENTS AND ASSEMBLIES. GROUND 

SUPPORT EQUIPMENT . LEAK DETECTION EQUIP­

MENT AND TESTING SERVICE . MAGNETIC TAPE 

RECORDERS . MEASURING AND READOUT EQUIP­

MENT. PERIPHERAL DATA PROCESSING EQUIPMENT 

• PRECISION BORING MACHINES. RELIABILITY AND 

ENVIRONMENTAL TESTING SERVICE. REVENUE AND 

TRAFFIC CONTROL SYSTEMS . ROTARY POWER 

EQUIPMENT . SERVO ROTARY COMPONENTS AND 

ASSEMBLIES. STATIC AND SOLID STATE DEVICES 

AMERICAN ELECTRONICS, INC. 
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1725 WEST SIXTH STREET, LOS ANGELES 17, CALIFORNIA 

MANUFACTURING AND SERVICE PLANTS IN LOS ANGELES. CULVER CITY. EL MONTE 

AND FULLERTO N . CALIFORNIA; BROOKLYN. NEW YORK. AND NORWOOD. MASS. 

TECHNICAL REPRESENTATIVES LOCATED THROUGHOUT THE UNITED STATES. 
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This sparrow needs a tough beak-that's why Raytheon and Gladding McBean 

mix imagination wlth Alcoa Aluminas 
The U.S. Navy's new Sparrow III air-to-air missile needs a tough beak ... to house its extra large warhead and the 
radar seeker that gives it pinpoint accuracy homing on fast-moving targets. Developed by Raytheon Company, the 
new missile employs a highly sophisticated radar technique under continuous development for the past 13 years. 
A high-purity alumina ceramic nose cone plays an important part in its success. Gladding McBean & Co., Los 
Angeles, manufactures this special ceramic radome composed principally of Alcoa® Alumina. Thanks to the special 
properties of alumina, radar waves pass freely through the body. And the high-strength 
ceramic body has proved extremely resistant to thermal shock at rocket speeds as well as 
erosion caused by supersonic passage through rain clouds and the atmosphere. Like Raytheon 
and Gladding McBean, you, too, will find it pays to mix imagination and engineering with 
Alcoa Aluminas ... to make a new product possible, an old product better. To discover 
more, send for our booklet, Ceramics-Unlimited Horizons. ALUMINUM COMPANY OF AMERICA, 
CHEMICALS DIVISION, 701-D Alcoa Building, Pittsburgh 19, Pa. 

For finer products, let Alcoa add new diInension to your creative thinking! 

Ceramics is a $7-billion 
industry in the U.S. and affects 
every phase 0/ modern living. 
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WHEN YOU WANT TO 
SEE THE UNSEEN 

You may be designing better optical tracking equipment ... 

more powerful microscopes . . . or cameras that "see" in 

the dark. Whatever you design, if you use precision instru­

ment ball bearings, look to Fafnir. You'll find Fafnir offers 

the diversity - a choice of shields, flanges, retainer designs, 

lubricants, fits, curvatures, etc. - plus the uniform high 

standards of quality to meet your needs. For diversity ... 

for quality ... turn to Fafnir for precision instrument ball 

bearings. The Fafnir Bearing Company, New Britain, Conn. 

PERKIN"ELMER ROT. MISSILE TRACKING CANER" 
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Fafnir Instrument Ball Bearings are available in SAE 
52100 steel for normal applications; 440C stainless 
for mildly corrosive conditions and elevated tem­
peratures; tool steels for high temperature applica­
tions; and. In miniature ball bearings. vacqum melt 
440C stainless for highly sensitive performance. 

• FAFNIR 
. 

BALL BEARINGS 
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MYLAR® helps· improve product performance ... cut costs 

MOTOR MANUFACTURERS REPORT • • •  

Tough, thin Du Pont MYLAR® helps cut size 

improve performance ... increase life of electric motors 

"MYLAR" HAS HIGH DIELECTRIC STRENGTH. 
4,000 volts per mil for 1 mil film (per ASTM­
D-149)-is one of many outstanding prop­
erties offered by "Mylar". 

Manufacturers of electric motors are con­
stantly seeking ways to reduce size and 
weight while improving motor perform­
ance. At the same time, industry demands 
for cost reductions have been mounting. 

Alert motor manufacturers are answer­
ing the needs of industry by replacing 
heavier, conventional insulating mate­
rials with Du Pont "Mylar'" polyester 
film ... often with savings in materials 
costs. Toughness of "Mylar" in thin 
gauges permits manufacturers to design 
lighter, smaller motors ... stability and 
moisture resistance of "Mylar" helps ex­
tend motor life. 

@PONP 
UIO.U.S.pu.Off. 

BETTER THINGS FOR BETTER LIVING ••• THROUGH CHEMISTRY 

This is but one of the many ways 
"Mylar" is helping industry improve 
product performance, develop new prod­
ucts or lower costs. Magnetic recording 
tape, for example, is tougher and thinner. 
Drafting film of "Mylar" is more durable, 
resists rough handling. 

For helpful information on how you 
can improve product performance and 
lower costs with "Mylar", write today 
for our new booklet. E. I. du Pont de 
Nemours & Co. (Inc.), Film Dept., Room 

SA·4, Wilmington 98, Del. 
."Mylar" is Du Pont's registered trademark for its brand 
of polyester film. 

DU PONT 

MYLAR® 
POLYESTER FILM 
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• . .  that possesses the mathematical logic 

of giant computers, yet is easy to operate 

and program ... requires no site preparation 

or technical personnel ... performs engineer· 

ing, scientific and business computations 

automatically and with electronic speed. 

Iterates, compares, branches and handles 

sequences of complex operations. If you use 

as few as 4 desk calculators for the same 

job, the new Clary DE-60 can save you 

thousands of dollars every year! 

To find out more about this versatile com· 

puter, simply mail in this coupon. No obliga­

tion, of course. 
Franchises available to qualified principals. 

II �/-=:::--�--;ary corporati;;-l, 
/ " , Computer Division I i�\ Dept. SA-I I 

I ! . 1 San Gabriel, Calif. I 
! \, ,/ Please send me com- I plete information on I \" /' your new electronic I I ',-----.. / computer, the DE-50. I 
I I 
I Name ! 
I'C"o=m:Cpa:-: n-::-y -----cp.-:-os"'il"'io:-: n-----! 

I I 
I Address I 
I City Zone Slale I 
L ____________ ...J 

1<10 Canada: Computing .Devices of Canada, Ltd., Ottawa, Ontario 
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50 AND JOO 
YEARS AGO 

MERI£AN 
APRIL, 1910: "Again the transatlan­

tic record has been broken, this time by 
the Mauretania, which reduced the long 
Atlantic course of 2,889 miles by 26 
minutes, making the passage from 
Daunt's Rock to the Ambrose Channel 
Lightship in 4 days, 15 hours and 29 

at an average speed of 25.91 

"Once again the famous sands of 
Ormond Beach have been used for mak­
ing new records with automobiles. Dur­
ing the three days' meet held last week 
Barney Oldfield once more beat the 
world's record for speed with his new 
200-horsepower Benz racer. This ma­
chine, which broke four world's records 
last fall in England, traveled two miles 
in 55 87/100 seconds, nearly three sec­
onds better than the record of 58 4/5 
made by Demogeot in 1906 with a 
Darracq car. The rate of speed traveled 
by Oldfield is 128.89 miles an hour. 
Oldfield also made new records for the 
kilometer and the mile. His record for 
the kilometer (3,280 feet) was 174/100 
seconds; for the mile, 27 33/100 sec­
onds, a speed of 131.72 miles an hour. 
In the stock-car races, Oldfield made a 

new record of 40 35/100 seconds for one 
mile in a Knox machine. This make of 
car also won the 10-mile free-for-all in 
841/100 minutes; a Chalmers 40-horse­
power car took second place." 

"Whereas biology was until recently 
chiefly a science of observation, it has 
now become in a high degree experi­
mental. Gregor Mendel, 40 years ago in 
his cloister at Brunn by his careful ex­
periments on the crossing of thousands 
of peas, succeeded in unveiling a law 
which has profoundly influenced ideas 
on heredity, not only in plants but in 
animals. We here have a definite arith­
metical relation, which is susceptible to 
very exact study and confirmation. The 
method of Mendel, which we may call 
that of experimental evolution, is now 
of wide application, and there are lab­
oratories which do nothing else but 
breed and cross under very exact con-

trol. Among one of the large-scale ex­
perimenters in this line may be men­
tioned Mr. Luther Burbank, who, 
though a master of method and subsi­
dized by the Carnegie Institution, seems 
to be devoted rather to practical than to 
scientific results." 

"Credit for producing the first aero­
plane to rise from water and fly must 
apparently be given to M. Henri Fabre, 
who, according to the French journal 
Aero, succeeded in getting his combined 
hydroplane and aeroplane to leave the 
water and make several flights 1,200 to 
1,500 feet in length at heights of from 
6 to 10 feet. The experiments were made 
at the Port de la Mede at Martigues, a 
city near Marseilles. The first successful 
flight from water was made on March 
31st." 

"During recent tests of wireless teleg­
raphy made with apparatus on board the 
scout cruisers Salem and Birmingham, 
which were 1,000 miles from each other, 
and 1,000 miles from the high-power 
wireless station at Brant Rock, Mass., 
there were serious interruptions in the 
communications between the two ships 
and the shore station. A fierce storm was 
raging at the time of the tests, and, in 
spite of the interruptions, the apparatus 
was not considered a failure. During the 
next test the ships will be stationed about 
2,000 miles from Brant Rock, one being 
near Trinidad, and the other 1,000 miles 
out from the South American coast. The 
most exhaustive test will be the placing 
of the ships on the African coast, 3,000 
miles from Brant Rock and 1,000 miles 
apart. If these tests are successful, a 
tower 100 feet higher than the Wash­
ington monument, which is 555 feet in 
height, will be erected in Washington 
for communication with ships over a 
distance of 3,000 miles." 

APRIL, 1860: "The Japanese steam 
corvette Candinmarruh arrived at San 
Francisco on March 17th, 37 days from 
Jeddo. This corvette is the first native 
vessel ever permitted to leave the shores 
of Japan. It brings the information that 
the Japanese embassy was to leave for 
the United States, on the Powhatan, on 
February 1 1th. The corvette is 250 tuns 
burthen, carries 10 guns, and her crew 
consists of 57 men. The people of San 
Francisco are delighted with the arrival 
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First practical diode for amplifier, shown here 

held by tweezers, was jointly developed by 

A. E. Bakanowski and A. Uhlir. 

At Bell Laboratories, M. Uenohara (left) adjusts his reactance amplifier, assisted by 

A. E. Bakanowski, who helped develop first suitable diode. Extremely low "noise" is 

achieved when certain diodes are cooled in liquid nitrogen. 

How basic scientific ideas develop in the 

light of expanding knowledge is strikingly illus­

trated by the development of Bell Laboratories' 

new "parametric" or "reactance" amplifier. 

Over 100 years ago, scientists experiment­

ing with vibrating strings observed that vibra­

tions could be amplified by giving them a push 

at strategic moments, using properly synchro­

nized tuning forks. This is done in much the 

same way a child on a swing "pumps" in new 

energy by shifting his center of gravity in step 

with his motion. 

At the turn of the century, scientists theo­

rized that electrical vibrations, too, could be 

amplified by synchronously varying the react­
ance of an inductor or capacitor. Later amplifiers 

were made to work on this principle but none 

at microwave frequencies. 

Then came the middle 50's. Bell Telephone 

Laboratories scientists, by applying their new 

transistor technology, developed semiconduc­

tor diodes of greatly improved capabilities. 

They determined theoretically how the electri­

cal capacitance of these new diodes could be 

utilized to amplify at microwave frequencies. 

They created a new microwave amplifier with 

far less "noise" than conventional amplifiers. 

The new reactance amplifier has a busy 

future in the battle with "noise." At present, 

it is being developed for applications in tropo­

spheric transmission and radar. But it has 

many other possible applications, as well. It 

can be used, for instance, in the reception of 

signals reflected from satellites. It is still another 

example of the continuing efforts to improve 

your Bell System communications. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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This is Research 

Nuclear particle accelerators designed 
and built by High Voltage Engineer­
ing Corporation are standard research 
equipment in virtually every major 
physics laboratory in the Free World. 

The outstanding acceptance of 
these instruments by Science, Medi­
cine and Industry has been due chief­
ly to intensive and continuing research 
both under Company sponsorship and 
in cooperation with government, aca­
demic and private institutions. This 
experience has given the men of High 
Voltage unique understanding of 
many phenomena which are becoming 
increasingly important in modern 
physics, nuclear engineering and space 
technology. Areas of research activity 
include: 

RADIATION POWER GENERATION 
PARTICLE ACCELERATION 
HIGH VOLTAGE ELECTROSTATICS 
ELECTRON AND ION OPTICS 
PARTICLE ANALYSIS 
HIGH VACUUM 
MAGNETICS 
ION PROPULSION 
MICROWAVE ELECTRONICS 
RADIATION CHEMISTRY 
NEUTRON ACTIVATION ANALYSIS 

High Voltage is qualified to solve 
problems in these areas leading to 
specialized equipment for fundamen­
tal and applied research in nuclear, 
plasma and solid state physics, chem­
istry and biology. 

The brochure, This is Research, 
describes our research accomplish­
ments and capabilities. Ask for a copy 
on your letterhead. 

HIGH VOLTAGE ENGINEERING 
CORPORATION 

BUR LIN G TON I M' ASS A C H USE T T S • U. S . A . 

of the Japanese, and are doing every­
thing in their power to entertain their 
visitors, hoping thereby to stimulate the 
lucrative trade already commenced with 
Japan," 

"A Paris correspondent of The New 
York Daily Times says that the police of 
Paris have been for some months en­
gaged in the examination of a variety of 
falsifications, and among the rest that of 
perfumery. Several actresses have been 
suffering from the effects of poison ab­
sorbed from the face, without suspecting 
that their sufferings came from this 
source. The quantity of corrosive sub­
limate, arsenic, verdigris, vitriol and 
other poisonous substances daily ab­
sorbed in Paris must in effect be im­
mense, and the reform did not com­
mence too soon. The investigation was 
instigated by an actress of the Varieties 
Theater against a perfumer for damages 
for indisposition attributed to his cos­
metics." 

"According to the Annual of Scientific 
Discove,.y for 1860, the researches made 
in the department of electricity, during 
the past year, have been most important; 
Messrs. Faraday and Grove, of England, 
occupying, as in years past, the most 
prominent positions as investigators. The 
results of the experiments instituted by 
the latter gentleman are exceedingly cu­
rious, and must be regarded as all but 
proving the truth of the modern theory 
which assumes that electricity is not, in 
any sense, a material substance, but only 
an affection (state) or motion of parti­
cles of ordinary matter. Thus he shows 
conclusively, by a great number of care­
fully instituted experiments, that elec­
tricity cannot be transmitted through a 
vacuum, and that in transmitting elec­
tricity through gaseous media, the fa­
cility of transmission is increased by a 

degree of attenuation in the media, but 
that when a certain point of attenuation 
is passed, transmission becomes difficult, 
and finally impOSSible." 

"Samuel Colt, the patentee of the 
famous six-shooter, has just made appli­
cation (through Mr. Loomis, a repre­
sentative in Congress from Connecticut) 
for a renewal of his patent, known as 
'Colt's Rotating Chamber Fire-arms.' 
Colt has had pretty hard luck hereto­
fore in attempting to get Congress to 
renew his patent; but he evidently thinks 
that, by steady perseverance, he may at 
some time accomplish his object. vVe 
recommend to Col. Colt the perusal of 
the first verse of the lIth chapter of 
Hebrews." 
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Auxiliary.Gas Turbines becoming a 
prime povver source lor industry 

Helmut Schelp, chief engineer, AiResearch Manufacturing Division of ranging in sizeJrom 30 to 850 hp. Clockwise/rom the top: GTC 85-28 
Arizona, Phoenix, surrounded by typical gas turbines now in production crcp 105 . GTP 70-6 . GTP 30-1 . GTP 70·10 . GTU 85-2. 

AiResearch Gas Turbine Engines, 
the most widely used power source for 
the starting, air conditioning, cooling and 
heating of jet aircraft, now are becom­
ing a prime power source for industry_ 

Easier to maintain because of few 
moving parts, these lightweight gas 
turbine engines develop more horse­
power per pound of weight and size than 
any other engine_ Achieving 
their greatest efficiency 

THE 

at maximum speeds, they run on almost 
any fuel and start immediately in any 
weather. 

Present prime power applications of 
AiResearch gas turbines for industry: 
earthmoving equipment; small inde­
pendent generator plants; marine use; 
helicopters and small conventional air­
craft; emergency power plants; air con-

ditioning, heating and refrigeration; 
atomic energy (closed cycle gas 

CORPORATION 

turbine with atomic energy heat source) . 
First to design and develop a success­

ful small gas turbine engine, Garrett is 
the world's largest manufacturer of 
lightweight turbomachinery - having 
delivered more than 200,000 uni ts, 
including 9000 gas turbines of all types 
ranging from 30 to 850 hp_ Through its 
AiResearch Manufacturing Divisions, 
The Garrett Corporation is now offering 
this experience to all industry. 

�iResearch Manufacturing Divisions 
LOS ANGELES 45. CALIFORNIA . PHOENIX, ARIZONA 

OTHER DIVISIONS AND SUBSIDIARIES: AIRESEARCH INDUSTRIAL . AIRESEARCH AVIATION SERVICE . GARRETT SUPPLY . AIR CRUISERS 

AIRSUPPLY-AERO ENGINEERING . GARRETT MANUFACTURING LIMITED . C. W. MARWEDEL • GARRETT INTERNATIONAL 
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How RECOMP handles numbers that 
could circle the world 2V2 times 

RECOMP can handle a floating point number greater 
than four billion factorial ... or larger than the figure 1 
followed by 41 billion zeros. Typewritten, the number 
would stretch around the world two-and-one-half times. 

RECOMP is a low-cost, general purpose, digital com­
puter-the original solid state computer with proven 
reliability. Its built-in floating point arithmetic and 
square root instructions come as a standard feature 
among RECOMP'S 49 commands ... at no extra cost. 

Easy to operate, easy to program . .. RECOMP has a 

storage capacity of over 8000 instructions, simplified 
coding, fingertip control console with digital readout 
panel, and a high-speed photoelectric tape reader. 

High-powered RECOMP is designed to solve problems 
of engineering, science, and industry. For information 
on how RECOMP can solve your special problems, write 
Autonetics Industrial Products Division, Dept. 104, 
3584 Wilshire Boulevard, Los Angeles 5, California. 

Digital computers by Autonetics rlJiy 
INDUSTRIAL PRODUCTS 

A DIVISION OF NORTH AMERICAN AVIATION, INC. Otheroff;ces, Chicago. New York. Washington. D.C. 
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TARGETS, MOON AND BEYOND. Guidance and con­
trol requirements for lunar and planetary travel, and 
for computers that will operate accurately in space 

vehicles, are among problems Sperry is studying 

under current space contracts. 

PRECISION FLOATED GYROS for space "platforms" 

must be as clean as surgical instruments to maintain 

accuracy through thousands of miles of flight. Assem­

bly is delicate job performed in dust-free laboratories. 

ENVIRONMENTAL CHECK FOR HUSTLER BOMB-NAVIGATION SYSTEM. The USAF's super­
sonic bomber must maintain global capability over a period of years. Here Sperry engineers 

put the control console of the B-5S's rugged, highly accurate bomb-nay system through its paces. 

"Sharpshooting" Near and Far Space 
New techniques in inertial guidance, space computing, airborne radars are answering 

the new challenges of space-age navigation. 

ONE OF' A SERIES: 

THE STORY BEHIND THE STORY 
of Sperry's Air Armament Division 

Inertial is a word in the news more and 

more, as man ventures farther and farther 

into space. What it means fundamentally 

is built-in, independent guidance to a 

target-whether that target be a hamlet 

on the map or a plateau on the moon. 

Inertial navigation success depends 

greatly upon the absolute accuracy of the 

individual guidance system and its gyros 

and accelerometers. 

To achieve this accuracy for the Con-

vair B-58 Hustler bomber ... and for the 

lunar, planetary and orbiting craft of the 

future . . .  is the major assignment of 

Sperry's Air Armament Division. The 

magnitude of this job is seen in the fact 

that since 1950, 25 million manhours 

have been expended on inertial guidance 

by Sperry engineers. 

Air Armament has produced or is de­

veloping advanced air and space craft 

equipment such as inertial navigation 

components for space-exploring vehicles 

.. . USAF's lightest and smallest search 

radar ... Loran C radio navigation sys­

tem that can pinpoint position up to 1500 

miles. And when North American's X-IS 
takes the first man to the fringes of space 

and back, an advanced Sperry inertial 

system will guide him. 

Meanwhile, Sperry continues to re­

search and develop still more advanced 

concepts for ever sharper "shots" in 
space. Air Armament Division, Sperry 

Gyroscope Company, Division of Sperry 

Rand Corporation, Great Neck, N. Y. 
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... made possible with flexible and rigid stafoa:.n. 

Newest jet aircraft use stronger·but·lighter STAFOAM in many 
forms to provide passenger comfort and protection. 

AMERICAN LATEX BRANCHES: SAN FRANCISCO, 
42 Gough St.; SEATILE, 2231 5th Ave.; DALLAS, 1300 
Crampton St.; HOUSTON, 401 Velasco; OMAHA, 3304 
N. 48th Ave. 

To create home-like comfort at 30,000 feet manufacturers of today's jet 
passenger liners faced countless new challenges - and solved them in an 
amazing number of cases with versatile ST AFOAM urethane. Whether 
used for insulating, bonding, padding, or sealing, for transparent windows 
or foamy chair cushions, the plus-properties of STAFOAM provide the 
superior service essential to Space Age materials. You, too, will find a new 
dimension of material technology in miraculous STAFOAM. Take your 
next product problem to the Freedlander R&D Laboratories, American 
Latex Products Corp., or its branches. 

Stafoam applications: 
1. INSULATION OF GALLEY FOOD CHA MBERS 2. WALL PANELING THROUGH· 

OUT SHIP 3. POLYRUBBER DOOR GASKETS 4. F OA M  CORE IN DOORS 

5. WINDOW GASKETS 6. SEAT CUSHIONING (HARDMAN DIVISION) 7. FLOOR 

MATS 8. CARPET U NDERLAY 9. LUGGAGE RACK SHOCK PADDING 10. FOOT 

RESTS 11. POLYPOT WINDOW"GLASS' 12. STABOND ADHESIVES FASTEN 

METAL GALLE Y AND SEAT COMPONENTS 

s�a£oaD1® 
I made by AMERICAN LATEX PRODUCTS CORPORATION, Hawthorne, Calif.· 

and the parent company, THE DAYTON RUBBER COMPANY, Dayton, Ohio 

� H E ADQU AR TERS F OR NEW IDEAS 
. . . . . . . . . . . . . . . . . .. . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � ....... ................................................ . 

STAFOAM RIGID 
Thermal insulation 
Acoustic dampening 
Foam core construction 
Helmets and liners 

Packaging & flotation 

STAFOAM FLEXIBLE 
Aircraft & conveyance seating 
Commercial cushioning 
Shock padding (high hysterisis) 
Clothing insulation & liners 
Air & liquid filtering 

POLYRUBBER 
Personnel shock padding 
Instrument & motor mounts 
Elastomer coupling 
Oxygen hose and masks 
Window and hatch gasketing 

POLYPOT 
Instrument potting 
Crystal clear windows & mtrls. 
Control knobs & accessories 
Electronic encasing 
Applicable hardware 

DAYCOLLAN 
Gear, roller bearings, a rings 
Instrument & control knobs 
Instrument scope boots 
Airless wheels & tires 
Applicable hardware 
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NEW MINIATURE A.C. MOTOR 
high output for commercial use 

This a.c. synchronous motor costs you only about half as much as its 

miniature precision counterpart for military applications. In production 

quantities it is so economical that you can design it into good quality 

products that now use induction motors. And because you can put this 

bigger performance motor in smaller spaces, it gives you a head start 

in miniaturizing your design at the same time you improve product quality. 

Vital statistics: This Type CMC motor has a starting torque of .7 oz. in. 

and a continuous duty torque of .7 oz. in. at synchronous speed. It is 11;''' 
in diameter by 2%" long, and weighs 61/2 oz. The shaft is precision ground 

stainless steel, supported by ball bearings. The epoxy·sealed design provides 

good resistance to normal environmental conditions. 

If you have hesitated to design with precision miniature motors in 

the past, now's your chance! 

The Globe motor line includes both a.c. and d.c. models. Globe is 

pleased to work with you to provide the exact motor you need for your 

commercial, competitive product. Please write for Bulletin CMC. Globe 

Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2·3741. 

GLOBE INDUSTRIES, INC. 
PRECISION MINIATURE A.C, a D.C. MOTORS. ACTUATORS. 

TiMERS, STEPPERS, BLOWERS a FANS MOTORIZED DEVICES 
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Cables manufactured by Reynolds 
Metals Company, Richmond, 
Virginia. Covering extruded of 
Terute Polyethylene. 

Why Reynolds covers these aluminum 
conductors with TENITE POLYETHYLENE 

To obtain the highest possible performance from 
their secondary distribution and service line 
cables, Reynolds Metals Company chooses 

Tenite Polyethylene as a covering material. 

Tenite Polyethylene is manufactured under as 
rigid a system o� quality control as Reynolds' 
own aluminum conductors, and makes a tough. 

weatherproof. fast-stripping covering material 

which offers high -dielectric strength and resist­

ance to abrasion. heat. moisture. chemical attack 

and stress cracking. It remains flexible even at 
sub-zero temperatures and its light weight per-

Both natural and black electrical grade Tenite Poly­
ethylene are available to cable manufacturers in a 

unique spherical pellet form which flows freely in the 
extrusion process and in "air-veying" of bulk ship­
ments from truck to bin. 

mils easy handling and wide spans. Users report 
that it gives long service life without festooning 
or splitting:. 

Tenite Polyet hylene is easily extruded as 

jacketing or insulation for many diverse appli­

cations. from coaxials to control cables. from 
TV lead-ins to telephone wires. For a material 

with outstanding electricaL physical and chem­
ical properties. specify Tenite Polyethylene. For 
further information. write EASTMAN CHEMICAL 
PRODUCTS. INC.. �ubsidiary of Eastman Kodak 
Company. KINGSPORT. TENNESSEE. 

POLYETHYLENE 
an East:rnan plastic 
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RCA REPORTS TO YOU: 

NEW ELECTRONIC "BRAIN" CELLS 

FIT IN THE EYE OF A NEEDLE 

Basic building block for compact, 

electronic Iithought savers" will 

serve you in your office, in 

defense - someday, in your home 

• Today, science not only is working on labor-saving 
devices-but on thought-saving devices as well. 

These "thought savers" are electronic computers 
-wonder-workers that free us from tedious mental 
work and are capable of astoundingly rapid compu­
tations. Naturally, the more compact these computers 
can be made, the more applications they can have. 
Not only in industry, defense and research-but in 
the office and ultimately in the home. 

"Squeezing" exacting components 
A big advance has recently been made by RCA 
research towards making these "thought savers" 
smaller than ever before, for broader than ever use. 

Take, for example, the new "logic" circuit which 
actually fits in the eye of a needle. It is a new 
computer component developed by RCA. 

Todo,y, the electronic Junctions oj this micro­
miniature device require a whole fistful oj wires, 

resistors, transistors and condensers. 

These tiny units will calculate, sort, "remember," 
and will control the flow of information in to­
morrow's computers. Yet they are so small that 
100,000,000 of them will fit into one cubic foot! 

Cutting computers down to home size 
This extreme reduction in size may mean that some­
day cigar-box-size electronic brains may help you in 
your home-programming your automatic appli­
ances, and keeping track of household accounts. 

Remarkable progress in micro-miniaturization is 
another step Jorward by RCA-leader in radio, tele­

vision, in communications and in all electronics-Jor 

home, office, and nation. 
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Needle's eye holds electronic "brain" cells- Photograph shows how 
new RCA "logic" element can be contained in the eye of a sewing needle. 

RADIO CORPORATION OF AMERICA 
THE MOST TRUSTED NAME IN ELECTRONICS 
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... and it was all done with mirrors! 
Long before the Christian era, military signaling 

with bronze mirrors was standard operating procedure 

in China. This means of communication was 

used by armed forces through the centuries. 

Tropospheric scatter-the most 

advanced communications method today­

IS not done with mirrors. But it is magical how this ultra high 

frequency radio technique hops mountains, oceans 

and other geographical barriers to carry its messages far beyond the 

horizon with unprecedented reliability. 

The name Radio Engineering Laboratories, too, has been carried afar. REL 

is a pioneer in the design and construction of tropo scatter 

communications equipment. You'll find its name on the radio apparatus 

in use or on order by eight out of nine major tropo networks. 

REL's a name you'll want to remember when you need experienced solutions 

to your commercial or military radio communications problems. 

Radio Engineering Laboratories -Inc 
A subsidiary of Dynamics Corporation of Anffrica 

Dept. 5 • 29-01 Borden Ave ' Long Island City 1, NY 

Creative careers at REL 
await a few 
exceptional engineers. 
Address r�sum�s to 
James R. Day, 
Vice President, Engineering. 
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Basic Research at Honeywell 
Dr. Finn Larsen 

Vice President for Research 

Studies the Magnetic Properties 
of Thin Metallic Films 

• In 

Temporary or transient memories of electronic computers 
consist of small doughnut-shaped ferrite cores hand­
assembled into many complex matrices. Bulk, speed of 
response and costly manufacture create inherent limita­
tions. It now appears possible to overcome these by 
replacing ferrite cores with tiny spots of magnetic f ilm 
vapor deposited on a smooth flat surface. 

Today's electronic computer has a mem­
ory which is part of the brain of the 
machine. Larger machines commonly have 
two memories: one for permanent storage 
of information, the other for temporary 
storage of more transient information. 
The temporary memory consists of a col­
lection of ferrite cores, each core shaped 
like a tiny doughnut and having a number 
of wires laced between it and other cores 
forming a matrix or grid. The wires carry 
either the pulse of electricity which mag­
netizes the core, or a similar pulse which 
is the core's response to in terrogation. 

A series of these pulses, handled in a 
binary number system, have become the 
language of the computer. To function 
binumerically, circuits represent "0" by 
not conducting current, and represent "1" 
by conducting. Each memory core can be 
magnetized in one direction for "0", the 
opposite direction for "1." To avoid am­
biguities, cores are made so they are not 
readily magnetized in any direction other 
than these two. 

Each small ferrite core can be mag· 
netized or interrogated in about a micro· 
second (one·millionth second). Unfor· 
tunately, the assembly of ferrite cores dis­
courages automation processes, making 
manufacture slow and costly. In addi· 
tion, the tremendous bulk of many mil· 
lions of cores properly assembled prohibits 
machines requiring considerably larger 
transient memories. 

Current basic research indicates that 
one of the most promising successors to 
the ferrite core is a tiny spot of magnetic 
film about 1,000 Angstroms (four mil­
lionths of an inch) thick, deposited on a 
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smooth flat surface. These films have been 
prepared in Honeywell's Research Labora­
tories from an alloy of nickel and iron by 
heating the alloy until it vaporizes in a 
vacuum. Each freed vapor particle travels 
until it strikes a cooler surface. There it 
condenses and stays, if the surface is 
suitable and immaculately clean. 

It might be assumed that the task would 
be simple. However, as the vapor con· 
denses and becomes solid, it seems to 
become peculiarly sensitive to the nature 
of the surface on which it is being de­
posited. Unless oriented by a magnetic 
field (created by large coils that encircle 
the vacuum chamber), the films could be 
magnetized in a number of directions in· 
stead of along the desired single line. 
When we obtain uniformly bi-stable spots, 
we are in effect duplicating the action of 
ferrite cores. We also may use the same 
cycle by which bits of information are 
stored and extracted by reversing direc­
tion of the magnetic field. 

T he coercive force necessary to reverse 
(or "flip") the direction of magnetization 
within a thin film is very low. Another 
important advantage stems from the fact 
that reversal may be accomplished either 
by employing a rotational mechanism 
(simultaneous rotation of all atomic mag­
netic moments) or a wall-motion mecha­
nism (sequential rotation of the atomic 
magnetic moments in the form of a mov­
ing wall). Both may be induced through 
application of a coercive force as small as 
one Oersted. Of the two mechanisms, 
rotational is much the faster; it makes 
possible the reading and writing of 100,-
000,000 bits of information per second 

on a single spot, as compared to about 
100,000 for ferrite cores. 

Honeywell scientists have consistently 
produced 256 bit (16x16) matrices uni­
form to plus or minus 5% of energy. Only 
this uniformity makes it possible to use 
the films in circuits, since a given small 
electrical pulse applied to any film must 
flip that film. 

Uniformity has been achieved in part 
through study of deposition techniques 
and experiments both with various types 
of substrata and with various methods 
of cleaning them before deposition. It 
has resulted also, through broader under­
standing of the mechanisms involved, in 
causing reversal of the magnetic field. 
Even more important, however, have been 
detailed investigations into the factors 
that lead to non-uniformity, and subse­
quent development of techniques that 
tend to eliminate them. 

The most difficult task remaining seems 
to be linking the film spots with printed 
circuits which will probably replace the 
wires used with the ferrite cores. 

Our research on thin films is both basic 
and applied. Applied, since our scientists 
are trying to create better, faster, smaller 
memory systems for the commercial and 
military computers our engineers design; 
and basic, since they are trying to under­
stand and explain all the phenomena de­
scribed, as well as others that are com­
pletely batHing. 

If you are engaged in magnetics re­
search and would like to know more about 
Honeywell's work on thin magnetic films, 
you're invited to correspond with Dr. 
Richard Prosen, Honeywell Research 
Center, Hopkins, Minnesota. Or, if you 
would like a simplified explanation of the 
binary number system and how to per­
form standard mathematical manipu­
lations using this system, write to Honey­
well Research, Minneapolis 8, Minnesota. 

Honeywell 
�s,��.�� 
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New Hamilton Standard develop­
ment permits practical utilization 

of solar energy in space 

This object that so closely resembles an ashtray is an ex­
perimental solar power generator. les 'conception was 
sparked by one of Hamilton Standard's many continuing 
studies of the future needs of country and industry-in 
this case, the need for a lightweight source of continuous 
electric power in space. 

Exploring the unknown through advanced product plan­
ning is standard practice at Hamilton Standard. Realistic 
short and long range predictions of tomorrow's require­
ments keep products, facilities and capabilities constantly 
geared to demand. 

The company's research in solar power generation is 
representative of its widely diversified interests and ever­
expanding skills. Though long known as the foremost 
producer of propellers in the world, Hamilton Standard 
today is a dynamic engineering force in each of these other 
areas: engine and flight controls, starters, hydraulics, en­
vironmental conditioning systems, electronics, ground 
suppOrt equipment and electron beam process equipment. 

Sunlight, focused on the tiny metal ball or collec- • 
tor, heats it to lOOO°F. A hot junction at the 

base of the cone and a cold junction JUSt below 
it comprise a thermocouple. The tremendous 
temperature differential between these junctions 
sets up a flow of electrons-useful electrical 

power for satellites and other space vehicles. 

HAMILTON 
STANDARD 

DIVISION OF 
UNITED AIRCRAFT CORPORATION 

WINDSOR LOCKS, CONNECTI.UT 
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BORIDES 
for modern 

industry 
Leadership in high temperature tech­

nology, symbolized by the NORTON FIRE­
BIRD, has made possible the production of 
the borides of chromium, titanium and 
zirconium in tonnage quantities. 

In the METAL INDUSTRY, aluminum 
manufacturers utilize the low electrical 
resistivity and high resistance to attack by 
aluminum and cryolite that borides of ti· 
tanium and zirconium provide. Borides 
are ideal boron sources for super alloys 
and nuclear steels . . .  ROCKET ENGINE 
manufacturers take advantage of the su­
perior resistance to erosion and corrosion 
at high temperatures that zirconium bo­
ride offers. 

NORTON borides, because of their un­
usual properties, are being examined 
closely at Research and Development 
level as shapes and coatings for many ap­
plications. 

In addition, borides of calcium, molyb­
denum, and vanadium are available on a 
limited basis for evaluation. If you have a 
specific requirement, let's hear about it. 
Write NORTON COM­
PANY, Electro-Chemical 
Division, 543 New Bond 
St., Worcester 6, Mass. 

Send for booklet 
on borides and 

other Norton 
Electro-Chemicals. 

ELECTRO-CHEMICALS 
GIFTS OF THE FJREBlRD: compounds oC silicon 

zirconium. boron. aluminum. magnesium 

titanium. chromium. including many borides 

carbides . nitrides · oxides 

75 Years af ... 
Making better products ... 

to make your products better 
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THE AUTHORS 
SU-SHU HUANG ("Life outside the 

Solar System") is a physicist at the 
National Aeronautics and Space Admin­
istration's Goddard Space Flight Center 
in Washington. He was born in Chang­
shu in the Chinese province of Kiangsi 
in 1915. In high school, he says, he found 
physics and mathematics the easiest 
subjects "because they do not demand a 
good memory, which I lack." He settled 
on physics because he was more inter­
ested in natural phenomena than in ab­
stract thought. He studied at the Nation­
al Chekiang and Tsing Hua universities 
and came to the U. S. in 1947 on a fel­
lowship given by the Nationalist Chinese 
Government. Huang earned his Ph.D. in 
astrophysics at the University of Chi­
cago in 1949. A Guggenheim fellowship 
took him to the University of California, 
where he did research work for eight 
years. He has published papers in atomic 
physics, radiative transfer, stellar spec­
troscopy, celestial mechanics and ap­
plied mathematical problems. He states 
that his interest in the problem of life 
outside the solar system was aroused 
through reading various SCIENTIFIC 
AMERICAN articles concerning the origin 
and processes of life. 

ELEANOR J. GIBSON and RICH­
ARD D. WALK ("The 'Visual Cliff' '') 
are, respectively, research associate at 
Cornell University and associate pro­
fessor of psychology at George Washing­
ton University. Mrs. Gibson took her 
B.A. and M.A. at Smith College, and 
acquired her Ph.D. at Yale University 
in 1938. Her husband, James J. Gibson, 
supervised her master's thesis in psy-
chology, and was partly the inspiration 
for her later studies of the visual cliff; 
he maintained that their small children 
could detect a hazardous drop as well as 
an adult could, while she was not at 
all sure the children could be trusted 
on the edges of cliffs and canyons when 
they were traveling across the country. 
Mrs. Gibson has taught at Smith and 
has held her present position at Cornell 
since 1949, where she has studied per­
ception, learning and their interrelations. 
She spent the academic year 1955-56 at 

. the University of Oxford, and 1958-59 
at the Institute for Advanced Study in 
Princeton, N.J., where she began a book 
on perceptual learning and develop­
ment. Walk graduated from Princeton 
University in 1942, took his M.A. at the 
State University of Iowa in 1947 and his 

Ph.D. at Harvard University in 1951. He 
was in the Army from 1942 to 1945 and 
again in 1951 and 1952. He did psycho­
logical research with paratroopers at 
Fort Benning, Ga., where the fear of 
height is a matter of practical impor­
tance. Walk was assistant professor of 
psychology at Cornell from 1953 to 
1959. His work at Fort Benning led to 
his participation in the investigations of 
the visual cliff. 

SERGIO DE BENEDETTI ("The 
Mossbauer Effect") is professor of phys­
ics at the Carnegie Institute of Technol­
ogy. A native of Florence, Italy, he holds 
a doctorate in physics from the Univer­
sity of Florence. He came to the U. S. in 
1940 after holding a research fellowship 
at the Curie Laboratory in Paris, and has 
been at Carnegie Tech since 1948. In 
1956 and 1957 De Benedetti held a 
Fulbright fellowship in Turin, Italy, 
where, among other things, he learned 
to ski, water ski and hunt small fish un­
denvater (he says that big fish are too 
easy a target). De Benedetti states that 
he is "a firm believer in the Greek gods 
and in the humanistic values for which 
they stand. I went in pious pilgrimage 
to the Greek temples and worshipped at 
the Temple of Athena Nike on the sacred 
slopes of the Acropolis." He was co-au­
thor of the article "The Ultimate Atom" 
in SCIENTIFIC AMERICAN for December, 
1954. 

PH. H. KUENEN ("Sand") has since 
1943 been professor of geology at the 
UniverSity of Groningen in the Nether­
lands. He was born in 1902 of Dutch 
parents living in Scotland, where his 
father was a professor of physics. When 
he was five, his family moved to Leiden, 
and at the age of eight he started collect­
ing stones. Kuenen studied geology at 
the University of Leiden, where he took 
his doctorate. He was geologist of the 
Snellius deep-sea expedition to the 
Moluccas in 1929 and 1930, and served 
as lecturer in geology at Groningen from 
1934 until he became a professor. 
Kuenen's main field is marine geology, 
which he has pursued largely by experi­
mental methods. Among the subjects he 
has studied in the laboratory are pebbles 
that have been faceted by the wind, the 
shapes of volcanic cones, tectonic struc­
tures, turbidity currents and their de­

�osits and the abrasion of pebbles and 
sand grains. Trinity College in Dublin 
has given him an honorary doctorate, 
and he holds two geological medals. 

THEODORE SAVORY ("Spider 
Webs") is vice-principal of Stafford 
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Bendix tracking and ground instrumentation sites for NASA's Pro ject Mercury gird the globe as indicated 
above by stars and dots. They are located to provide optimum coverage of the manned capsule. 

PARTNERS IN MAN'S MOST DARING ADVENTURE 

Seven hand-picked astronauts, 
selected from the military services by 
the National Aeronautics and Space 
Agency, are in rigorous training for 
their historic role in the greatest 
adventure ever undertaken by man. 
It is known as Project Mercury. 

Sometime in 1961 one of the astro­
nauts will be blasted into the empti­
ness of space, propelled by rockets at 
satellite speed. He will orbit the globe 
in a special capsule designed to pro­
tect him from the tremendous forces 
of acceleration, deceleration and the 
fiery heat of re-entry. Finally, he will 
be picked up from a selected area in 
the vastness of the Atlantic Ocean. 

Great as they were, the epochal 
adventures of Columbus and the 
Wright brothers pale by comparison. 
Nothing man has ever done can 
approach this fearsome journey into 
space and back. 

To help him, he will be surrounded 

with every useful instrument and 
device which science and industry 
can provide. Because of the difficult 
and complex problems involved, the 
resources and skills of some of the 
nation's greatest companies have 
been chosen after competition. 

We are proud to announce that 
Bendix® has been named as one of 
four members of a team associated 
with Western Electric Company, Inc., 
to develop the $30,000,000 global 
tracking, communications and com­
puting system for the project. It will 
be Bendix' responsibility to provide 
the ground-to-air communications 
which will keep the astronaut in con­
stant touch with earth; to install the 

A thousand diversified products 

radar which will precisely track the 
capsule as it orbits the earth and to 
pinpoint its position in the Atlantic at 
the recovery point. 

We will also provide telemetering 
systems which automatically send 
hundreds of messages per minute to 
earth stations about the physiological 
reactions of the astronaut and the 
performance of the capsule and its 
re-entry command equipment. And 
finally, we will provide "site display 
equipment," which enables the earth 
team to quickly read and constantly 
chart essential information from man 
and capsule. 

To have been chosen as a member 
of the industrial team in this highly 
competitive and awesome undertak­
ing is a valued privilege. As security 
permits, we hope to report further 
progress on the important work 
entrusted to us in connection with 
"man's most daring adventure." 
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how to 
keep 
dollars 
indoors 

It isn't just hot air. It's dollars 
ditched when air goes out the win­
dow instead of being purified with 
activated charcoal and recir­
culated. In schools, hospitals, 
hotels,  e t c., air purifica tion 
teams up with heating and cooling 
equipment, saves money. Smaller 
installations do bigger jobs. 

how to 
keep an 
apple 

Market·wise fruit growers keep 
apples younger longer to catch 
top prices-retard ripening with 
activated charcoal. Maybe your 
product- food, chemical, drugs, 
or what have you-has an air 
about it (sh·sh·sh) and can bene­
fit from processi ng, stori ng, or 
packaging with activated charcoal. 

how to 
stay 
alive 

Attention would·be moon trav­
elers: activated charcoal kept air 
pure and odor·free in the first 
(publically announced) simulated 
space flight for a human being. It 
is used aboard atomic subs, too. 
Even if you are still in this world, 
activated charcoal makes air good 
for breathing. 

activated 
charcoal 

Activated charcoal (carbon, if you 
like), a hard, black, granular mao 
terial, acts as a molecular sponge, 
purifies air, gases, liquids-re­
covers solvents - removes odors 
and impurities-does hundreds of 
jobs that may be news to you. 
Write for Bulletin T·329. Barnebey­
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 

44 

House, a tutorial cullege in Kensington, 
England. He was born in London and 
acquired his B.A. at the University of 
Cambridge in 1918. His special field of 
study selected him six years before that 
when a spider fell upon a book he was 
holding even as he was considering what 
sort of animal he might devote his time 
to. A friend, seeing the spider, said: 
"What about spiders?" To which Savory 
replied: "Why not?" He has studied 
them ever since. In 1920 he introduced 
the teaching of biology into Malvern 
College, and he remained there for 31 
years. From 1951 to 1958 he was senior 
biology master at the Haberdashers' 
School in Hampstead. His books include 
The Biology of Spiders, Spidel'S and Al­
lied Ol'ders of the British Isles, The 
Spider's Web and The Arachnida. 
Language is his second interest; he has 
also written The Alt of Translation, Latin 
and Gmek for Biologists and The Lan­
guage of Science. 

ALFRED J. CROWLE ("Delayed 
Hypersensitivity") heads the division of 
immunology of the Colorado Foundation 
for Research in Tuberculosis and is also 
an assistant professor in the department 
of microbiology of the University of 
Colorado Medical Center. The son of 
British parents, he was born and reared 
in Mexico City and came to the U. S. in 
1947 to attend San Jose State College. 
In taking his Ph.D. at Stanford Univer­
sity he worked on the isolation and char­
acterization of the immunizing constit­
uents of tubercle bacilli. The close rela­
tionship between immunity to tubercu­
losis and delayed hypersensitivity led 
him into the study of allergy. While 
working on mouse tuberculosis, Crowle 
and his colleagues accidentally discov­
ered that mice could develop delayed 
hypersensitivity. This opened the way to 
rapid, incisive experiments with hyper­
sensitivity, and at present he is study­
ing contact dermatitis, the type of al­
lergy that is responsible for poison-ivy 
reactions in man. This year Crowle holds 
the James Alexander Miller Fellowship 
in Medical Research presented by the 
New York Tuberculosis and Health As­
sociation. In his spare time he engages in 
do-it-yourself activities, camps out with 
his family, motorcycles and makes pho­
tographs to illustrate his papers. 

THEODORE T. PUCK ("Radiation 
and the Human Cell") is professor of 
biophysics at the University of Colorado 
Medical Center. A native of Chicago, he 
studied biophysics at the University of 
Chicago under the Nobel laureate James 

Franck, taking his Ph.D. in 1940 at the 
age of 23. He remained at Chicago until 
he accepted a fellowship of the Ameri­
can Cancer Society in 1947 to study 
bacterial viruses with Max Delbriick at 
the California Institute of Technology. 
In 1948, when Puck was 31, he was 
called to organize a department of bio­
physics at the University of Colorado 
Medical Center. Struck with the large 
amount of information that had accumu­
lated about bacterial cells, Puck de­
cided to see if the development of ap­
propriate techniques might not prove il­
luminating with mammalian cells, and 
he began intensive studies in this field. 
His article "Single Human Cells in 
Vitro" appeared in SCIENTIFIC AMERI­
CAN for August, 1957. 

MAX GLUCKMAN ("The Rise of a 
Zulu Empire") serves as professor of 
social anthropology at the Victoria Uni­
versity of Manchester, England. He 
grew up in South Africa, and acquired 
his B.A. degree at the University of 
Witwatersrand. He attended the Uni­
versity of Oxford as a Transvaal Rhodes 
Scholar in 1934, and took his M.A. and 
Ph.D. at Oxford. He engaged in field 
research in Zululand from 1936 to 1938 
on a grant from the Carnegie Fund of the 
Union Government Department of Edu­
cation. In addition to his studies of the 
Zulus he has done field work among the 
Barotse, Tonga and Lamba of Northern 
Rhodesia. Gluckman has been director 
of the Rhodes-Livingstone Institute in 
British Central Africa, and has held the 
post of lecturer in social anthropology at 
Oxford. He has received two medals 
from the Royal Anthropological Insti­
tute, and has written several books on 
African tribal life. 

GEORGE GAYLORD SIMPSON, 
who reviews Pierre Teilhard de Char­
din's The Phenomenon of Man in this 
issue, i's Alexander Agassiz Professor of 
Vertebrate Paleontology in the Museum 
of Comparative Zoology at Harvard Uni­
versity. Before assuming his present post 
in 1959, Simpson was for many years 
associated with the American Museum 
of Natural History, and for 15 years had 
occupied the positions of curator of fossil 
mammals and birds and chairman of the 
department of paleontology and geology. 
He was also professor of vertebrate pale­
ontology at Columbia University. He is 
the author of numerous books, notably 
The Meaning of Evolution, Horses, Life 
of the Past, The Maiol' Featul'es of Evo­
lution, Evolution and Geogmphy and a 
textbook entitled Life. 
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MAJOR MERGER 
IN SWITCH INDUSTRY 

Controls Company of America 
Merges Hetherington Div. Wit h 
Electrosnap Corp. t o  form 
New Control Switch Division. 

One of the preCISIOn switch industry's 
most complete product lines has come into 
existence with the announcement by Louis 
Putze, President of Controls Company of 
America, Schiller Park, Ill., that its sub-: 
sidiary Hetherington, Inc., has been merged 
with Electrosnap Corporation, Chicago. The 
Electrosnap organization was recently· 
merged with Controls Company of America. 

"This merger is important to switch 
users", Mr. Putze stated, "because it com­
bines two major manufacturers of panel 
switches, indicator lights and limit switches 
for military and industrial applications into 
a single source of supply. 

"Now, customers need deal with just one 
sales engineer instead of two. Three plant 
locations-Folcroft, Pa., Chicago, Ill. and 
El Segundo, Calif.-will provide regional 
engineering and manufacturing facilities to 
speed up delivery and service. 

"The combination of military and in­
dustrial experience will enable the new Divi­
sion to expand its activities in areas such as 
human factors, sub-sub-miniaturization, 
image . displays and controls for special 
en vironmen ts. 

"Local sales offices with factory-trained 
personnel have been set up to provide on­
the-spot application engineering. An ex­
panded nation-wide distributor organiza­
tion will assure our customers of immediate 
delivery from local sources," Mr. Putze said . 

• 

. . 
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For unmatched reliability . . .  BOMAC BEACON MAGNETRONS 
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Bl.·OI2 
BIJt.021 
8lM.Q24 

life - up to 500 hours guaranteed - over 3000 hours reported 

Frequency stability - less than 2 Mc drift per 100 hours (C ba nd) 

Power stability - drop of less than 1 db per 1000 hours 

of constant voltage input 

Duty cycle stability -less than 3 Mc frequency shift for a 

change in duty cycle of 0.00005 to 0.002 (C band) 

Vibration -less than 2.5 Mc frequency shift from 55 to 2000 cps 

Shock -withstands 100 g's (6 millisecond duration) 

lightweight- 7 to 10 oz. 

Miniaturized 

Tunable over a broad band 

leIdeIs In IIIe desiID. deveIopmtllt and mHufIcIur. of YR, AfR, Pre·lR tubes; shutten; 
rete.- _j�es; CIystaI protectors; silicon diodes; mallletrons; klystrons; dupl.xers; 
pressumina "lndows; noise source tubtt; hleh frequency triode osclllatolS; sura. prolectolS. 
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SPACE AGE DOCTOR 

whirls through G test 

- records his reactions on magnetic tape 

THE MODERN-DAY DERVISH takes his whirl mechan­
ically - in a 34-ft. human ceatrifuge - and tape 
records all his reactions. In current medical experi­
ments, the scientist is whirled at high speed until 
centrifugal force subjects his body to a crushing 
burden equal to 4 normal gravities. 

To keep an accurate,perma­
nent record of the subject's re­
actions to his terrible ride, the 
physiologists employ magnetic 
tape. Sensitive pickups are 
taped, clipped and even in­
serted in the subject's circula­
tory system. All these data, re­
corded automatically during 
the test on magnetic tape, are 
later reduced by analog com­
puter for analysis. 

The key factor in the choice 
of magnetic tape for this vital 
work is its complete versatility. Not only does mag­
netic tape compress a reliable and permanent record 
of many reactions into one compact reel, it also 
permits the researchers to alter the timebase for 

analysis-for tape can be slowed to allow a "slow 
motion" review of data. 

These studies advance space medicine, and are 
adding much to medical knowledge of the heart 
output and the compensating reactions of the entire 
circulatory system. 

This is just one of the ways "SCOTCH" BRAND 

Magnetic Tape for instrumentation can serve 
science. The first practical magnetic tape developed, 
"SCOTCH" BRAND Magnetic Tape today helps ex­
plore earth, sea and space, and controls automation 
in industry. It remains the leader as new, more sen­
sitive tapes are created for science, business and 
industry. For details on constructions that can serve 
you, write Magnetic Products Div., 3M Co., 900 
Bush Ave., St. Paul 6, Minn. © 1960 3M co. 

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

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

SCOTCH BRAN D MAGNETIC TAPE 
FOR INSTRUMENTATION 

i� -!).�.::. MINNlSorA MINING AND MANUfACTURING COMPANY �� 
• • •  WHERE RlStARCH IS THE leU TO TOMO .... O W � 

��>�<.4.� 
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Teletype machines help 
cut costly paperwork 

A Teletype machine equipped with a simple sprocket-feed 
mechanism can handle multi-carbon forms as readily as the more 
familiar plain paper on which messages are transmitted. Thus 
distances can be bridged not only with information, but with 
information that is preprocessed, ready to go to work. 

Example: A sales order is transmitted from branch office to 
home office and reproduced accurately and precisely on 
a form in the Teletype machine-with carbons for production, 
accounting, shipping, etc. No further order-writing 
effort needed, no recopying errors. 

Teletype printers handle a wide variety of multi-copy 
forms. Moreover, the usefulness of this technique can be 
further extended with Teletype tape punching and reading 
equipment-which can capture, store and utilize repetitive 
data to further mechanize paperwork procedures. 

For more information about Teletype Model 28 
equipment, please write to Teletype Corporation, 
Dept. l8D, 4100 Fullerton Ave., Chicago 39, Illinois. 

Typing Tape Punch Tape Reader 

1 
Send·Receive Page Printer Automatic Send·Receive set 

TELETYPE® 
CORPORATION 
SUBSIDIARY OF western Electric Compally INC. 

See Teletype Corporation's exhibit at the Armed Forces Communications and Electronics Association Convention, May 24-26. Washington, D. C. 
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INDUSTRIAL 

TRIODE 

NOW COMMERC IALLY AVAILABLE 

RCA-7586 NUVISTOR 

GENERAL-PURPOSE INDUSTRIAL TRIODE 

The nuvistor-the electron tube of the future-is available now. 

The nuvistor concept, first announced by RCA in the Spring of 1959, was 

hailed as a major advance in electron-tube technology. Now the first com­

mercial nuvistor, RCA-7586, a general purpose, medium-mu industrial 

triode, opens new vistas to designers of compact electronic equipment. It is 

capable of providing high gain with low noise as an amplifier and has excep­

tional stability as an oscillator over a wide range of frequencies. RCA-7586 
. . . for communications, control and instrumentation, TV cameras, medical 

diagnosis, test and measurement and other critical industrial applications. 

RCA-7586 incorporates the unique design advantages shown at right to 

assure dramatic improvements in efficiency, performance, reliability, flexi­
bility of installation, and economy in circuit design. 

Advantages: 
• Extreme ruggedness-all·ceramic-and-metal construction­

all connections brazed at very high temperatures to elim­
inate structural strain and element distortion often caused 
by welding ... exhaust and seal-off at very high temperatures 
to eliminate gases and impurities 

• Small size and light weight-metal shell only 8/10" long 
including peripheral lugs for indexing, less than W' in 
diameter; weight, 1/15 ounce (1.9 grams) 

• Low heater power-well below one walt 

• Very high transconductance at low plate voltage and current 
-11500 micromhos at 75 volts and 10.5 milliamperes 

• Very high input impedance 

• High perveance 

• Operation at any altitude at full ratings 

• Exceptional uniformity of characteristics from tube to tube 

• Mechanical ruggedness-will withstand impact acceleration 
of 1000 g, 48-hour low-frequency (GO-cps) vibration at 2.5 g 
acceleration 

• Rigidly controlled during manufacture, and rigorously tested 
for early-hour stability, 100-hour ami 1000-hour life per· 
formance; resistance to shock, low- and variable-frequency 
vibration, low-pressure breakdown, and heater cycling. 

EAST: 744 Broad St., Newark 2, N. J., HU 5·3900. MIDWEST: Suite 1154, MerchondiseMort Plaza,Chicogo 54, III., WH 4-2900 • WEST: 6355 E. Washington Blvd., los Angeles 22, Col., RA 3-8361 
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Will not become obsolete 
Because the Philco 2000 is truly asyn­

chronous, newly developed compo­

nents and design improvements may 

be incorporated at any time, without 

redesign of equipment and with no 

reprogramming. The system can 

always be updated, at minimum cost. 

• • • • • 

Complete customer service 
Philco provides every important service, 

including: automatic programming, pro­

gramming library, on-site maintenance 

and training tailored to your needs. 

• • • • • 

WRITE today for your 
copy of this new brochure 
on the Philco 2000 com· 
puter . . .  the ./irst fully­
transistorized large scale 
data processing system and 
the only asynchronous gen­
e r a l  pur p o s e  s y ste m 
available. 

• • • • • 

GOVERNMENT & INDUSTRIAL GROUP 

COMPUTER DIVISION 

4700 WISSAHICKON AVENUE 

PHILADELPHIA 44, PENNSYLVANIA 
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he's got 
TEXUS 
in his 
turns 
TEXUS produces synthetic rubber. Most 

of the rubber in this driver's tires is TEXUS 

rubber. In fact, more than two-thirds of all 

rubber used today is man-made! 

Since World War II, research has made 

synthetic rubber stronger, more useful 

and more economical in many cases than 

nature's own. But the successful use of 

synthetic hinges on the quality safeguards 

taken before, during and after processing. 

That's why TEXUS SYNPOL® (our name for 

synthetic rubber) is made under an up­

to-date, total quality testing program. 

Write now for technical information. 

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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IS OPENED .•• 

TO NEW DEVELOPMENTS IN HIGH POLYMERS 

What's new in high polymers? What are 
the latest types? What methods are used 
to develop and modify these giant mole­
cules that have become one of the prime 
interests of contemporary chemists? 

Answers to such questions make up the 
contents of a new booklet prepared by 
Allied Chemical. Entitled "High Poly­
mers," it is offered free to anyone 
equipped with a company letterhead 
and a 4¢ stamp. 

Importance of polymer research 

More and more, as chemists build mole­
cules and arrange them to achieve de­
sired properties, the relationship be­
tween properties and molecular struc­
ture increases in interest and impor­
tance. For there is more implied here 
than mere addition to the vast array of 
materials at man's disposal. Here is 
promise of new light on the life sci­
ences. Polymer chemistry has been 
aided by the study of natural polymers. 
Conversely, the study of man-made 
polymers can be expected to advance 
our understanding of living matter. 

How polymers are made 
and modified 

The booklet points out that there are 
nearly a dozen methods of creating and 
modifying polymeric materials. There 
are "simple" ones, like the blending of 
rubber into polystyrene to impart im­
pact strength to this highly brittle plas­
tic . . .  or incorporating plasticizers into 
polyvinyl chloride to make it less rigid. 
Other procedures are highly sophisti­
cated. The use of monomers to carry 
desired properties directly into the fin­
ished polymer-as with the promising 
new polycarbonate resins-would be a 

case in point. Then there is the "mar­
riage" method - joining two different 
polymers in the same molecular chain 
-resulting in molecules with the prop­
erties of both parents. "Grafting"-the 
tacking of side chains onto the main 
polymer chain-is another. 

Polyethylene-
outstanding example 

Polyethylene, you will learn from this 
booklet, is an excellent example of 
polymer modification, several different 
methods having been used. It's an "ad-
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Plastic pipe made of A-C® Pipe Compound, a high-density polyethylene polymer, typifies 
product improvement through polymer research. Pipe has a "life expectancy" of 50 years. 

dition" polymer, formed by direct end­
to-end linkage of small molecules (mon­
omers) of the simple gas, ethylene. The 
first plastic to reach an output rate of a 
billion pounds a year, it is used in the 
familiar forms of packaging materials, 
squeeze bottles and unbreakable toys. 

Polymer research at Allied Chemical, 
by the way, has carried polyethylene far 
beyond these familiar uses. Our Semet­
Solvay people have come up with an 
emulsifiable grade for upgrading water­
based products such as textile finishes 
and washable paints . . .  as well as a 
high-density polyethylene pipe com­
pound with a "life expectancy" of about 
50 years. 

BASIC TO AMERICA'S PROGRESS 

SpagheHi-cooked and uncooked 

The booklet also covers one of the most 
fascinating aspects of high polymer 
structure - namely, that materials 
formed from giant molecules may occur 
in either the amorphous or crystalline 
state. Hence the spaghetti analogy. 
Amorphous polymers, with molecules 
in a random tangle, are much like 
cooked spaghetti. Crystalline polymers, 
with more or less regular structure, can 
be likened to bundles of raw spaghetti. 
We won't attempt to explain the signifi­
cance of this phenomenon in the con­
fines of this page-
merely suggest you 
write for your copy 
of "High Polymers" 
soon. You may find 
it somewhat al dente 
in spots, but infor- iii 
mative, we're sure. 

Anyone interested iii) 
in the general sub- -.... 

ject of high polymers or who is work­
ing with them will find this booklet of 
value. For a free copy, just write, on 
company letterhead, to Allied Chemical 
Corp., Dept. 46-S, 61 Broadway, New 
York 6, N. Y., or phone HA 2-7300. 
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FXR's precision microwave equipment, high-power 

pulse modulators and high-voltage power supplies 

have prominent roles in such leading scientific pro­

grams as this 50 million watt transmitter, thermo­

nuclear control research, communication and 

ballistic missiles systems and similar astronautical, 

aeronau t i cal and e l e c t r onic d e v e l op m e n t s. 
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Pavlov ... on the demands of science 
"Facts are the air of science. Without them the man of 

science can never rise. Without them your theories are 

vain surmises. But while you are studying, experiment­

ing, observing, do not remain content with the surface of 

things. Do not become a mere recorder of facts, but try 

to penetrate the mystery of their origin, seek persistently 

for all laws that govern them. And then-modesty, Never 

think you know all. Though others may Ratter you. retain 

the courage to say, 'I am ignorant: Never be proud ... 

Pride will make you lose objectivity ... And lastly, 

science must be your passion. Remember that science 

claims a man's whole life. If you had two lives they would 

not suffice. Science demands an undivided allegiance 

from its followers. Your work and your research must 

always be your passion." 

Testament to the Academic Youth of his Country, 1936. 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization conducting multidisciplinary research in the physical and social sciences. and engineering on problems related 
to national security and the public in teres!. RAND economists are concerned with applying rational principles to problems of choice, 

with estimates of economic war potential. with system co,ts. and provide economic data and models for other research projects. 
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Life outside the Solar System 

Ho�: lnany stars In our galaxy l1�ay be acc07npanied by planets 

capable of supporting intelligent l�fe? The answer requlres 

refle(,tion on the characteristics and l�fe histon" of stars 

T
he evolution of stars and the evo­
lution of living organisms appear 
to be completely dissimilar proc­

esses. The diflerences between the two 
can be explained in terms of how the 
particles of matter are bound together 
and how energy is exchanged among 
them. Indeed, the evolution of living or­
ganisms represents one outcome of stel­
lar evolution. It was the steady flow of 
energy from the sun for four or five bil­
lion years that brought about the bio­
logical developments on earth, culminat­
ing in the emergence of intelligent or­
ganisms able to contemplate the whole 
remarkable story. If the sun had had a 
diflerent history, life would not have ap­
peared in its immediate vicinity. 

Astronomical evidence acquired in 
recent years indicates that what has 
happened here is probably not unique. 
Two decades ago it was thought that the 
solar system might have originated in 
a near-collision of the sun and another 
star, which event supposedly pulled 
away enough matter from the sun to 
form the planets. Because such encoun­
ters must be rare events. they would give 
rise to few stars \\'ith a company of plan­
ets. Today most astronomers believe that 
a star is formed by the condensation of a 
cloud of dust and gas [see "The Dust 
Cloud Hypothesis," by Fred L. Whip­
ple; SCIEKTIFIC AMERICAi\', JVlay, 1948J. 
ThIS hypothesis much more readily ex­
plains the origin of the solar system and 
is supported by the observation that 
more than half of the stars in our galaxy 
are double or multiple s�-steJl1s. In fact, 

by Su-Shu Huang 

it now appears that most stars are ac­
companied by other stars or by planets, 
though the latter must be so small as to 
escape sure detection by the present in­
struments of astronomy. Thus the ap­
pearance of life-even the appearance of 
mind-may be far from unusual events 
in the universe. 

On the other hand, certain critical 
conditions must be satisfied if life proc­
esses are to be initiated and maintained. 
In the first place the star must shine long 
enough and steadily enough to permit 
life to evolve. The star must also be hot 
enough to warm up a habitable zone 
deep enough to ofler a reasonable 
chance that a planetary orbit will fall 
within it. And the planet must ply a • 
stable orbit within this zone. The num­
ber of stars that have given rise to life 
must therefore be considerably smaller 
than that immediately suggested by the 
dust-cloud hypothesis. 

l' aking account of all these factors, 
what is the probability that man 

will ever be able to visit the life-bear­
ing planet of another star, or that the 
earth will receive a visitor from such a 
planet? Does the possibility justify tak­
ing measures now-in advance of a visit 
-to put existing technology to the task 
of scanning the sky for signals from in­
telligent organisms outside the solar sys­
tem, or for transmitting signals in the 
hope they may be heard? If so, what sort 
of Signals should be listened for or sent? 

A reliable answer to these ques­
tions calls for a somewhat closer consid-

eration of the conditions critical for life 
and an estimate of how often they are 
likely to be satisfied in the evolution of 
stars. The first condition is a steady and 
prolonged flow of energy. How long it 
takes life to evolve may be judged from 
the single instance available: Here on 
earth rational animals evolved from in­
animate matter in about three billion 
years. Biological evolution proceeds by 
the purely random process of mutation, 
that is, the unpredictable occurrence of 
novel chemical processes among the fan­
tastically numerous reactions that consti­
tute life. Since the process is a random 
one, the laws of probability suggest that 
the time-scale of evolution on earth 
should resemble the average time-scale 
for the development of higher forms of 
life anywhere. The rate at which muta­
tions occur is of course a variable in 
the calculation. It is aflected by the 
electromagnetic and corpuscular radia­
tion from the parent star, and the amount 
of such radiation that reaches the surface 
of any planet is governed in turn by the 
magnetic field of the planet, the depth 
and composition of its atmosphere and 
other factors. But since mutation itself 
is a random process, the introduction of 
a few more variables does not aflect the 
calculation greatly. Furthermore, a high­
er mutation rate does not necessarily 
accelerate evolution, because most muta­
tions are harmful. The more frequently 
they occur, the greater the chance that 
an individual will sufler an injurious 
mutation. In order to favor natural selec­
tion, mutations should be rare, perhaps 
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as rare as in the evolution of life on 
earth. 

It is somewhat easier to estimate the 
time-scale of stellar evolution. In con­
trast to the random nature of biological 
evolution, stellar evolution is governed 
by the universal law of gravitation and 
by a relatively small number of thermo­
nuclear reactions. When a star begins 
to form in a cloud of dust and gas, 
gravitational attraction among the gas 
and dust particles causes the cloud to 
condense until the pressure raises the 
temperature within it to the point at 
\Vhich the thermonuclear reactions that 
convert hydrogen to helium begin. The 
tremendous lluantities of energy Iiber­
a ted by these reactions now set up a 
counterpressure from the center of the 
star that exactly balances the force of 
gravitational contraction. In this state of 
equilibrium the star shines for a much 
longer time than that required for its 
condensation out of dust and gas. 

The vast majority of the visible stars 
are in this phase of their evolution. They 
are called "main-sequence" stars because 
their luminosity (energy output per unit 
of time) plotted on a graph against their 
surface temperature places them in se­
quence in a narrow band [see illustmtion 
on page 59]. What the chart shows is 
that the hottest stars are also the most 
luminous. Luminosity depends upon 
mass, and so the point at \Vhich a star 
appears on the main sequence depends 
primarily upon the mass of material in­
corporated in it during condensation. 
The hottest stars are designated by the 

( 

' . : : .-
" ' "  

1 1( 

... : . 
POSSIBLE EVOLUTION OF A STAR 1.2 times the mass of the sun begins with a dust cloud 

condensing into a star and proto-planets (l), a process taking perhaps 10 million years. 

Star enters "main sequence" (2) and remains there for approximately eight billion 

letter 0, followed in descending order 
by stars classified B, A, F, G, K and M; 
these classifications are usually called 
spectral type. The adjectives "early" and 
"late," which have nothing to do with 
the age of the star, are often used before 
the spectral-type deSignation to denote 
further relative temperature differences. 
An early F -type star is hotter than a 
late one, which in turn has a higher 
temperature than an early G-type star 

such as our sun. The classification is 
further refined by a number from 0 to 
9 written after the letter. Thus the cla;s 
of early B-type stars includes those 
from BO to B4; and the late B-type 
stars, those from B5 to B9. 

The length of time a star remains in 
the equilibrium state on the maill 

sequence can be calculated from the 
total mass of hydrogen in its core and the 

NOV A IN CONSTELLATION CYGNUS, indicated by pail' of 

white lines, blazed up in 1920. This photograph was made at that 

time with the 100·inch reflecting telescope at Mount Wilson Ob· 

servatory. Nova may I'epl'esent a late stage in the life of a star. 
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years. Then it expands (3) into red·giant stage (4), first destroy· 

ing life on its inner planet, then bnrning up the planets in turn. Tbis 

period may last about 100 million years. Then star may pulsate 

in luminosity every few hours (5) for thousands of years, finally 

exploding into a nova (6) and eventually collapsing into white 

dwarf (7). Time period for final stages (5,6 and 7) is not known. 

rate at which the hydrogen is consumed. 
Both factors in the calculation are de­
termined by the position of the star on 
the main sequence. Luminosity, which 
is an index of the rate of fuel consump­
tion, increases as the fourth power of the 
star's mass. The most massive stars thus 
use up their substance most rapidly and 
so have the shortest lifetimes in the 
equilibrium state. In general a star will 
evolve away from the main sequence 

when the core in which the hydrogen 
has been consumed has a mass of about 
12 per cent of that of the entire star. 
With the exhaustion of fuel in the cen­
tral furnace, gravitational contraction 
takes over again, heating up the interior 
until the thermonuclear reaction spreads 
to outer layers. The star now leaves the 
main sequence and in a comparatively 
brief period of time evolves into a red 
giant or supergiant. Its evolution there-

after cannot presently be predicted in
' 

detail. But somehow, perhaps through 
the rapid loss of mass by ejection, it ends 
up as a hot, faint, dense object known 
as a white dwarf. A majority of the intrin­
sic vJlriable stars, of novae and of nova­
like objects are apparently in the stage 
between red giants and white dwarfs. 

In leaving the main sequence a star 
releases so much energy that it would 
destroy life on any of its planets. Thus 

SAME STAR FADED IN 10 YEARS to the faint object visible 

between the white lines in this photograph made in 1930 with 
the same telescope. A nova may explode repeatedly before becom­

ing a white dwarf and eventually turning into a cold, dark body. 
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EVOLUTIONARY PATH OF A STAR with a mass 1.2 times that of the sun is traced. 

The vertical scale is luminosity (the sun is unity); the horizontal scale, spectral type. 

The main sequence is outlined by the gray hatching. The numbers on the path correspond 

to the stages of stellar evolution depicted in the illustration at the top of the precediug two 

pages. At I the star is in the stage of gravitational contraction; at 2 it is on the main se· 

quence; at 3 it is expanding; at 4 it is a red giant; at 5 it pulsates. The broken line (6) in· 

dicates uncertainty as to the path the star follows in reaching the white·dwarf stage (7). 

the main-sequence stage of the star's 
evolution is the only important one so 
far as life is concerned. The 0 and early 
B stars are the most massive, but since 
they burn much more rapidly than the 
smaller, less luminous stars, their life on 
the main sequence lasts only a million 
to 10 million years. The small M stars, 
in contrast, remain on the main sequence 
for more than 100 billion years. None 
of the early stars in the 0, B and A 
groups has a stable lifetime longer than 
three billion years; they cannot there­
fore sustain biological evolution long 
enough for intelligent organisms to ap­
pear on any of their planets. Closer 
calculation shows that only the stars 
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farther down the sequence than F4 
maintain their equilibrium for a suf­
ficient length of time to bring biological 
evolution to its culmination. 

If time were the only critical con­
dition, then the late-K and M stars would 
stand the greatest chance of having life­
bearing planets. But these stars have low 
luminosity, and the habitable zones in 
which planets might travel about them 
must be quite narrow. A more luminous 
star can obviously warm up a larger 
space than a less luminous one [see illus­
tration on page 63]. It is like a fire in a 
field on a cold night: the bigger the fire, 
tlle wider the zone around it in which 
the temperature will be neither too hot 

nor too cold. Thus the chance of finding 
a planet and intelligent life within the 
habitable zone of any particular M or 
even late-K star is quite small. How­
ever, since there are 10 times as many 
M stars as G stars, the total number of 
life-bearing planets traveling around the 
M stars may not be negligibly small. 

On the basis of their lifetimes and the 
depth of their habitable zones, stars of 
the late-F, G and early-K types seem to 
offer the most favorable environments 
for life. Approximately 10 per cent of 
stars fall in these types. Out of the 
200 billion stars in the Milky Way, 
therefore, some 20 billion might foster 
intelligent life. 

This number is reduced considerably 
upon consideration of the third crit­

ical condition: the maintenance of stable 
planetary orbits. The dust-cloud mech­
anism that increases the likelihood of 
planets has also brought most stars into 
existence as double or multiple sys­
tems. It is obvious that the presence 
of two or more stars in a system will 
profoundly perturb the orbits of planets 
in the system. A few double-star sys­
tems have members that are so far apart 
that if they are sufficiently near to us, the 
stars can be distinguished by a telescope 
or even by the naked eye. Such systems 
are called visual binaries. Much more 
common are the "spectroscopic bina­
ries." In these systems the stars are so 
close together that even if they are rela­
tively near to us, they cannot be sepa­
rated by the largest tetescope. vVe can 
tell that they are double stars only by 
regular changes in their spectra [see il­
lustration on page 60]. These changes 
also enable us to calculate their orbits. 

The orbits of planets in such systems 
are so complicated that astronomers 
have been able to work them out for 
only a few idealized cases. A life-bear­
ing planet would have to travel on an 
orbit close to one of the stars in a wide­
ly separated system, or on an orbit at a 
large distance from the stars in a close 
system. In the case of a hypothetical 
binary composed of two stars with the 
same luminosity as our sun and revolv­
ing around a common center in a near­
ly circular orbit, a planet would find 
the thermally habitable zone dynamical­
ly stable only if the stars were more than 
10 astronomical units or less than .05 
astronomical unit apart (an astronomi­
cal unit is the distance between the 
earth and the sun). With a separation 
between the stars of .5 to 2 astronomical 
units there is no overlapping of the hab­
itable zone and the dynamically stable 
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TYPICAL STARS ON THE MAIN SEQUENCE are represented on 

this diagram. Vertical scale at left indicates luminosity (the sun 

is unity I. Scale at right sho\l s time on the main sequence. The 

numbers at the top denote tempe"ature in degrees Kelvin; 

the letters at the bollom, spectral type. Small figures beneath 

each star give its mass with respect to the mass of the sun. 
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zone. Therefore no inhabitable planets 
can exist in such systems. Taking every­
thing into consideration, only 1 to 2 per 
cent of all double and multiple stars may 
possess inhabitable planets, and perhaps 
3 to 5 per cent of all the stars in our 
galaxy have such planets. 

For the present there is no hope of 
detecting on a photographic plate the 
existence of a planet of another star. 
Such planets as may attend even the 
nearest star are completely lost to view 
in the brilliance of the star's light. Some­
day there may be a telescope on a plat-

�- -----

TO 

form in space, free of the interfering ef­
fects of the earth's atmosphere. As has 
been suggested by Nancy C. Roman of 
the National Aeronautics and Space 
Administration, the instrument would 
produce a sharp star image that could 
be blocked out so that a planet near the 

SPECTROSCOPIC DETECTION OF CLOSE BINARIES is de­

picted in these diagrams and spectra. At top the stars are orbiting 

around center of mass, the one at left moving toward the earth, 

the one at right away from the earth. Spectral lines made by star 

moving toward earth shift toward violet end of the spectrum, while 

lines from star moving away shift toward red end, spliuing spectral 

lines as seen in upper 3pectrum below diagrams. In lower diagram 

the binaries are moving across line of vision as seen from earth. 

This gives rise to normal single spectral lines seen in the lower 

spectrum. Spectroscopic binaries are so close together that no tele­

scope can resolve them into separate bodies, and only their spectra 

enable us to detect them and to calculate their orbital movements. 
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star could be detected by means of a long 
photographic exposure. Even the subtle 
methods used to detect spectroscopic 
binaries are not refined enough to find a 
planet, because the effect of a planet 
upon the motion of its parent star is so 
slight. 

There is nonetheless other well-estab­
lished evidence to support the conten­
tion that planets are common. In the first 
place, no sharp distinction can be drawn 
between binary or multiple stars and 
stars with planetary systems. According 
to Gerard P. Kuiper of the Yerkes Ob­
servatory, the mean distance of separa­
tion between the components of all 
binaries so far investigated is about 20 
astronomical units. This is of the same 
order of magnitude as the distance be­
tween the sun and its major planets 
(Jupiter, Saturn, Uranus and Neptune). 
Kaj Aa. Strand at the U. S. Naval Ob­
servatory in Washington has studied 
small perturbations in the orbital motion 
of a star called 61 Cygni, which has a 
companion that is too faint to be direct­
ly observed. He has found that the mass 
of this unseen object is about a hun­
dredth of that of the sun. This mass lies 
between that of stars and of Jupiter. it 
is therefore reasonable to believe that 
the masses of small stars in binary sys­
tems grade continuously down to the 
masses of planets. Since binaries are so 
common in our galaxy, it would seem 
that many stars that now appear to be 
alone actually possess planets. 

Harold C. Urey of the Scripps Institu­
tion of Oceanography has found addi­
tional evidence for planets in a certain 
kind of meteorite. According to Urey, 
diamonds embedded in these objects 
show that they must at one time have 
been under high pressure in a body the 
size of the moon. Such moonlike objects, 
known as "prestellar nuclei," would en­
hance the formation of both stars and 
planets from a dust cloud. Any irregular­
ity in the motions of a dust cloud should 
be expected to produce more than one 
such nucleus, and the formation of plan­
ets or multiple stars would follow as a 
normal consequence. 

Finally, measurements of the angular 
momenta of many stars give every in­

dication that planets exist outside the 
solar system. Otto Struve of the National 
Radio Astronomy Observatory has 
pointed out that main-sequence stars 
more massive than Type F5 usually ro­
tate rapidly, but starting with this type 
the rotation of stars slows down abrupt­
ly. In other words, the average angular 
momentum per unit mass of the main-
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ROTATIONAL VELOCITY OF STARS on the main sequence is diagrammed here accord· 

ing to spectral type. Slow spin after Type F5 may indicate that planets are present. 

sequence stars exhibits a conspicuous 
break at Type F5 [see illustration on this 
page J. The most reasonable explanation 
of [his strange phenomenon is that un­
observable planets have absorbed the 
angular momentum, just as Jupiter and 
other planets of the sun carry 98 per 
cent of the angular momentum of the 
solar system, leaving the sun with only 
2 per cent and a comparatively long 
period (27 days) of rotation. If planets 
do indeed account for the slow spin of 
these otherwise sunlike stars, then plan­
ets appear just where life is most likely to 
Hourish. 
. Thus it seems that intelligent life may 
be scattered throughout the Milky Way 
and the universe as a whole. In our im­
mediate neighborhood, however, we 
may be its only representatives. The 
sun's nearest neighbor, Alpha Centauri, 
is only 4.3 light-years away. It is a triple 
system with two massive components (a 
G4 star and a K1) revolving around each 
other about 20 astronomical units apart; 
at a considerable distance is a small 
third star. The two larger bodies have 
highly eccentric orbits, and if there is 
a stable zone for a planet in this system, 
it is extremely hard to compute. More­
over, recent investigations indicate that 
the system may be much younger than 
the sun, so that higher forms of life 
might not have had time to evolve even 
if a habitable planet does exist in it. 

Forty other stars are located within 

fi ve parsecs (16.7 light-years) of the 
sun. Only two-Epsilon Eridani (a K2 
type) and Tau Ceti (G4)-seem to ful­
fill the conditions for the existence of ad­
vanced forms of life, and Epsilon Eri­
dani may not be exactly on the ma;n 
sequence. Tau Ceti is 10.8 light-years 
distant, has an apparent visual magni­
tude of 3.6, is located on the celestial 
sphere about 16 degrees south of its 
equator and appears above the horizon 
in the northern sky only in the winter. 

Since intelligent life is probably not 
a rare phenomenon, and since at least 
one star in our vicinity meets the spec­
ifications of a life-fostering star, it may 
seem odd that we have had no visitors 
from other worlds. The idea would have 
drawn ridicule 20 years ago, but today 
it deserves consideration. There are, 
however, several reasons for believin6 
that we have had no visitors from oute, 
space. For one thing, the 10.8 light­
years that separate us from Tau Ceti­
astronomically a short distance-is an 
extremely long distance in terms of hu­
man experience. Even traveling at the 
speed of the artificial satellites that man 
has launched, space voyagers would 
need hundreds of thousands of years to 
traverse it. It is possible that organisms 
from Tau Ceti might have a far longe: 
life-span than man, but this supposition 
invokes radical assumptions that cannot 
be supported by present knowledge. 
Furthermore, if a meeting is to occur, 
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PLANETARY ORBITS AROUND BINARY STARS are depicted 

here in an idealized manner. The figure eight in the top diagram is 

simply a mathematical projection from which the dynamically 

stable planetary orbit is calculated for widely separated binaries. At 

hottom are close binaries. For a planet to bear life its orbit would 
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have to fall completely within both the dynamically stable zone 

(gray hatching) and the thermally habitable zone (colored hatch· 
ing). At the bottom the highly elliptical planetary orbit is dynami. 

cally stable, but it does not fall completely within the thermally 

habitable zone; the planet therefore could not harbor any life. 
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our high technological ci\'i1ization would 
have to be contemporan' Il"ith that cre­
ated by intelligent organisms on other 
planets. The cultural evolution that 
brought mankind to its present technical 
competence began only a few centuries 
ago. And even if human civilization en­
dures for hundreds of thousands of years, 
it would be a brief episode in the time­
scale of biological evolution. Therefore 
the chance that advanced civilizations 
might be flourishing at the present time 
on the planets of one or two nearby stars 
is excessively small. 

Some workers have concluded, how­
ever, that the chance is good enough 

-and certainly intriguing enough-to in­
stitute radio surveillance of signals orig­
inating outside the solar system. Gui­
seppe Cocconi and Philip Morrison of 
Cornell University ha\ e pointed out that 
the most favorable wa\'elength would be 
one close to but outside of the 21-centi­
meter line emitted bv hHlrogen in space, 
because in this region of the spectrum 
the galactic noise and the noise pro­
duced in the earth's atmosphere are at 
a minimum. Moreover, this important 
wavelength would be of as much inter­
est to astronomers on another planet as 
to those on earth. Cocconi and Morrison 
have urged that radiation picked up by 
the 600-foot radio telescope, now being 
built by the Navy in West Virginia, be 
analyzed for the presence of signals. Ac­
cording to them, that telescope will be 
capable of detecting Signals generated 
10 light-years away by a technology no 
more advanced than our own. Mean­
while Frank D. Drake of the National 
Radio Astronomy Observatory, who 
makes a more generous estimate of the 
distance at which signals sent by intel­
ligent organisms could be detected, is in 
charge of an actual project that is em­
ploying a smaller telescope to detect any 
radio signals transmitted by living be­
ings in other "solar systems." 

"Vhat kind of Signals may we expect 
to receive or should we send out? Prob­
ably the most abstract and the most u!li­
versal conception that any intelligellt 
organisms anywhere would ha\'e devised 
is the sequence of cardinal numbers: 1, 
2, 3, 4 and so on. The most likeh- signal 
would be a series of pulses indicating 
this sequence repeated at regular inter­
vals. Such a Signal mav upon first con­
sideration appear to be too simple for 
the sophisticated task of communicating 
with other beings far all'a)' among the 
stars. It would sound like babv talk. But 
after all interstellar commL\l;ication is 
surely still in the baby-talk stage. 

TOO COLD 

G2 ITHE SUN) 

JUPITER� 

M5� • 

THERMALLY HABITABLE ZONE of various types of star is here represented by hatchet! 

area around star. Here the A5 spectral type has largest zone, but star does not remain stable 

Long enough for evolution to take pLace on a planet neal' it. Habitable zone of Out· sun (a G2 
type) extends from orbit of Venus to orbit of Mars. Tiny M5 star has the smallest zone. 
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The"VisuaI Cliff" 

This simple apparatus is used to investigate depth perception 
in different anitnals. All species thus far tested seem able to 

perceive and a void a sharp drop as soon as they can move about 

by Eleanor J. Gibson and Richard D. Walk 

H
uman infants at the creeping and 

toddling stage are notoriously 
prone to falls from more or less 

high places. They must be kept from 
going over the brink by side panels on 
their cribs, gates on stairways and the 
vigilance of adults. As their muscular 
coordination matures they begin to avoid 
such accidents on their own. Common 
sense might suggest that the child learns 
to recognize falling-off places by experi­
ence-that is, by falling and hurting him­
self. But is experience really the teacher? 
Or is the ability to perceive and avoid a 
brink part of the child's original endow­
ment? 

Answers to these questions will throw 
light on the genesis of space perception 
in general. Height perception is a special 
case of distance perception: information 
in the light reaching the eye provides 
stimuli that can be utilized for the dis­
crimination both of depth and of reced­
ing distance on the level. At what stage 
of development can an animal respond 
effectively to these stimuli? Does the on­
,et of such response vary with animals of 
different species and habitats? 

At Cornell University we have been 
investigating these problems by means 
of a simple experimental setup that we 
call a visual cliff. The cliff is a simulated 
one and hence makes it possible not only 
to control the optical and other stimuli 
(auditory and tactual, for instance) but 
also to protect the experimental subjects. 
It consists of a board laid across a large 
sheet of heavy glass which is supported 
a foot or more above the Boor. On one 
side of the board a sheet of patterned 
material is placed Bush against the un­
dersurface of the glass, giving the glass 
the appearance as well as the substance 
of solidity. On the other side a sheet of 
the same material is laid upon the Boor; 
this side of the board thus becomes the 
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visual cliff [see photograph on cover}. 
We tested 36 infants ranging in age 

from six months to 14 months on the 
visual cliff. Each child was placed upon 
the center board, and his mother called 
him to her from the cliff side and the 
shallow side successively. All of the 27 
infants who moved off the board crawled 
out on the shallow side at least once; 
only three of them crept off the brink 
onto the glass suspended above the pat­
tern on the Boor. Many of the infants 
crawled away from the mother when she 
called to them from the cliff side; others 
cried when she stood there, because they 
could not come to her without crossing 
an apparent chasm. The experiment thus 
demonstrated that most human infants 
can discriminate depth as soon as they 
can crawl. 

The behavior of the children in this 
situation gave clear evidence of their 

dependence on vision. Often they would 
peer down through the glass on the deep 
side and then back away. Others would 
pat the glass with their hands, yet de­
spite this tactual assurance of solidity 
would refuse to cross. It was equally 
clear that their perception of depth 
had matured more rapidly than had 
their locomotor abilities. Many sup­
ported themselves on the glass over the 
deep side as they maneuvered awk­
wardly on the board; some even backed 
out onto the glass as they started toward 
the mother on the shallow side. Were it 
not for the glass some of the children 
would have fallen off the board. Evident­
ly infants should not be left close to a 
brink, no matter how well they may 
discriminate depth. 

This experiment does not prove that 
the human infant's perception and 
avoidance of the cliff are innate. Such an 
interpretation is supported, however, by 

the experiments with nonhuman infants. 
On the visual cliff we have observed the 
behavior of chicks, turtles, rats, lambs, 
kids, pigs, kittens and dogs. These ani­
mals showed various reactions, each of 
which proved to be characteristic of 
their species. In each case the reaction is 
plainly related to the role of vision in 
the survival of the species, and the varied 
patterns of behavior suggest something 
about the role of vision in evolution. 

In the chick, for example, depth per­
ception manifests itself with special 
rapidity. At an age of less than 24 hours 
the chick can be tested on the visual 
cliff. It never makes a "mistake" and al­
ways hops off the board on the shallow 
side. Without doubt this finding is re­
lated to the fact that the chick, unlike 
many other young birds, must scratch 
for itself a few hours after it is hatched. 

Kids and lambs, like chicks, can be 
tested on the visual cliff as soon as they 
can stand. The response of these animals 
is equally predictable. No goat or lamb 
ever stepped onto the glass of the deep 
side, even at one day of age. When one 
of these animals was placed upon the 
glass on the deep side, it displayed char­
acteristic stereotyped behavior. It would 
refuse to put its feet down and would 
back up into a posture of defense, its 
front legs rigid and its hind legs limp. In 
this state of immobility it could be 
pushed forward across the glass until its 
head and field of vision crossed the edge 
of the surrounding solid surface, where­
upon it would relax and spring forward 
upon the surface. 

At the Cornell Behavior Farm a group 
of experimenters has carried these exper­
iments with kids and goats a step further. 
They fixed the patterned material to a 
sheet of plywood and were thus able to 
adjust the "depth" of the deep side. 
With the pattern held immediately be-
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CHILD'S DEPTH PERCEPTION is tested on the visual cliff. The 
apparatus consists of a board laid across a sheet of heavy glass, 
with a patterned material directly beneath the glass on one side 
and several feet below it on the other. Placed on the center board 

(top left), the child crawls to its mother across the "shallow" side 
(top right). Called from the "deep" side, he pats the glass (bottom 
left), but despite this tactual evidence that the "cliff" is in fact a 
solid surface he refuses to cross over to the mother (bottom right) . 
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neath the glass, the animal would move 
about the glass freely. With the optical 
Hoor dropped more than a foot below the 
glass, the animal would immediately 
freeze into its defensive posture. Despite 
repeated experience of the tactual solid­
ity of the glass, the animals never learned 

to function without optical support. 
Their sense of security or danger con­
tinued to depend upon the visual· cues 
that give them their perception of depth. 

The rat, in contrast, does not depend 
predominantly upon visual cues. Its noc­
turnal habits lead it to seek food largely 

by smell, when moving about in the 
dark, it responds to tactual cues from the 
stiff whiskers (vibrissae) on its snout. 
Hooded rats tested on the visual cliff 
show little preference for the shallow 
side so long as they can feel the glass 
with their vibrissae. Placed upon the 

KITTEN'S DEPTH PERCEPTION also manifests itself at an early 
age. Though the animal displays no alarm on the shallow side (top), 

it "freezes" when placed on the glass over the deep side (bot· 
tom) ; in some cases it will crawl aimlessly backward in a circle. 
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glass over the deep side, they move about 
normallv. But when we raise the center 
board s�veral inches, so that the glass is 
out of reach of their whiskers, they 
evince good visual depth-discrimina­
tion: 95 to 100 per cent of them descend 
on the shallow side. 

Cats, like rats, are nocturnal animals, 
sensitive to tactual cues from their 

vibrissae. But the cat, as a predator, must 
rely more strongly on its sight. Kittens 
proved to have excellent depth-discrimi­
nation. At four weeks-about the earliest 
age that a kitten can move about with 
any facility-they invariably choose the 
shallow side of the cliff. On the glass over 
the deep side, they either freeze or circle 
aimlessly backward until they reach the 
center board [see illustratiol1s 011 oppo­
site page]. 

The animals that showed the poorest 
performance in our series were the tur­
tles. The late Robert M. Yerkes of Har­
vard University found in 1904 that 
aquatic turtles have somewhat poorer 
depth-discrimination than land turtles. 
On the visual cliff one might expect an 
aquatic turtle to respond to the reHec­
tions from the glass as it might to 
water and so prefer the deep side. They 
showed no such preference: 76 per cent 
of the aquatic turtles crawled off the 
board on the shallow side. The rela­
tively large minority that choose the 
deep side suggests either that this turtle 
has poorer depth-discrimination than 
other animals, or that its natural habitat 
gives it less occasion to "fear" a fall. 

All of these observations square with 
what is known about the life history and 
ecological niche of each of the animals 
tested. The survival of a species re­
quires that its members develop dis­
crimination of depth by the time they 
take up independent locomotion, wheth­
er at one day (the chick and the goat), 
three to four weeks (the rat and the cat) 
or six to 10 months (the human infant) . 
That such a vital capacity does not de­
pend on possibly fatal accidents of learn­
ing in the lives of individuals is con­
sistent with evolutionary theory. 

To make sure that no hidden bias was 
concealed in the design of the visual 
cliff we conducted a number of control 
experiments. In one of them we elimi­
nated reHections from the glass by light­
ing the patterned surfaces from below 
the glass (to accomplish this we dropped 
the pattern below the glass on both sides, 
but more on one side than on the other) . 
The animals-hooded rats-still consist­
ently chose the shallow side. As a test GOATS SHOW DEPTH PERCEPTION at an age of only one day. A kid walks freely on 

of the role of the patterned surface we the shallow side (top) ; on the deep side (middle) it leaps the "chasm" 10 safety (bo//,om). 
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TWO TYPES OF VISUAL DEPTH·CUE are diagrammed sche· 

matically on this page. Ellipses approximate the visual field of an 
animal standing near the edge of tbe cliff and looking toward it; 

diagrams at right give the geometrical explanation of differences 
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in the fields. The spacing of the pattern elements (solid color) 

decreases sharply heyond the edge of the cliff (tol1). The op· 

tical motion (shaded color) of the elements as the animal moves 
forward (center) or sideways (bottom) shows a similar drop·off. 

© 1960 SCIENTIFIC AMERICAN, INC



replaced it on either side of the cen­
terboard with a homogeneous grai sur­
face. Confronted with this choice, the 
rats showed no preference for either the 
shallow or the deep side. We also elimi­
nated the optical difference between the 
two sides of the board by placing the 
patterned surface directly against the 
undersurface of the glass on each side. 
The rats then descended without pref­
erence to either side. 'vVhen we lowered 
the pattern 10 inches below the glass on 
each side, they stayed on the board. 

We set out next to determine which 
of two visual cues plays the de­

cisive role in depth perception. To an 
eye above the center board the optical 
pattern on the two sides differs in at least 
two important respects. On the deep 
side distance decreases the size and 
spacing of the pattern elements pro­
jected on the retina. "Motion parallax," 
on the other hand, causes the pattern 
elements on the shallow side to move 
more rapidly across the field of vision 
when the animal moves its position on 
the board or moves its head, just as 
nearby objects seen from a moving car 
appear to pass by more quickly than dis­
tant ones [see illustration on opposite 
page ]. To eliminate the potential dis­
tance cue provided by pattern density 
we increased the size and spacing of 
the pattern elements on the deep side 
in proportion to its distance from the 
eye [see top illustration at right]. With 
only the cue of motion parallax to 
guide them, adult rats still preferred the 
shallow side, though not so strongly as 
in the standard experiment. Infant rats 
chose the shallow side nearly 100 per 
cent of the time under both conditions, 
as did day-old chicks. Evidently both 
species can discriminate d'Jpth by dif­
ferential motion alone, with no aid from 
texture density and probably little help 
from other cues. The perception of dis­
tance by binocular parallax, which 
doubtless plays an important part in 11U­
man behavior, would not seem to have 
a significant role, for example, in the 
depth perception of chicks and rats. 

To eliminate the cue of motion paral­
lax we placed the patterned material di­
rectly against the glass on either side of 
the board but used smaller and more 
densely spaced pattern-elements on the 
cliff side. Both young and adult hooded 
rats preferred the side with the larger 
pattern, which eviden�ly "signified" a 
nearer surface. Day-old chicks, however, 
showed no preference for the larger pat­
ter.n. It may be that learning plays some 
part in the preference exhibited by the 

rats, since the young rats were tested at 
a somewhat older age than the chicks. 
This supposition is supported by the re­
sults of our experiments with animals 
reared in the dark. 

The effects of early experience and of 
such deprivations as dark-rearing repre­
sent important clues to the relative roles 
of maturation and learning in animal be­
havior. The first experiments along this 
line were performed by K. S. Lashley 
and James T. Russell at the Univer­
sity of Chicago in 1934. They tested 
light-reared and dark-reared rats on a 

"jumping stand" from which they in­
duced animals to leap toward a platform 
placed at varying distances. Upon find­
ing that both groups of animals jumped 
with a force closely correlated with dis­
tance, they concluded that depth per­
ception in rats is innate. Other investi-

-

. -

. -

gators have pointed out, however, that 
the dark-reared rats required a certain 
amount of "pretraining'; in the light be­
fore they could be made to jump. Since 
the visual-cliff technique requires no 
pretraining, we employed it to test 
groups of light-reared and dark-reared 
hooded rats. At the age of 90 days both 
groups showed the same preference 
for the shallow side of the apparatus, 
confirming Lashley's and Russell's con­
clusion. 

Recalling our findings in the young 
rat, we then took up the question of 
whether the dark-reared rats relied upon 
motion parallax or upon contrast in tex­
ture density to discriminate depth. When 
the animals were confronted with the 
visual cliff, cued only by motion parallax, 
they preferred the shallow side, as had 
the light-reared animals. When the 

- -

SEPARATION OF VISUAL CUES is shown in these diagrams. Pattern density is held 

constant (top) by using a larger pattern on the low side of the cliff; the drop in optical 

motion (motion parallax) remains. Motion parallax is equalized (bottom) by placing 
patterns at same level; the smaller pattern on one side preserves difference in spacing. 
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IMPORTANCE OF PATTERN in depth perception is shown in 

these photographs. Of two patterns set at the same depth, normal 

rats almost invariahly preferred the larger (top row and bottom 
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left), presumably because it "signified" a nearer and therefore 

safer surface. Confronted with two patternless surfaces set at dif. 

ferent depths, the animals displayed no preference (bottom right). 
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choice was cued by pattern density, 
however, they departed from the pattern 
of the normal animals and showed no 
significant preference [see bottom illus­
tration at right]. The behavior of dark­
Teared rats thus resembles that of the 
day-old chicks, which also lack visual 
experience. It seems likely, therefore, 
that of the two cues only motion par­
allax is an innate cue for depth dis­
crimination. Responses to differential 
pattern-density may be learned later. 

One cannot automatically extrapolate 
these results to other species. But 

experiments with dark-reared kittens in­
dicate that in these animals, too, depth 
perception matures independently of 
trial and error learning. In the kitten, 
:however, light is necessary for normal 
visual maturation. Kittens reared in the 
dark to the age of 27 days at first crawled 
{)r fell off the center board equally often 
{)n the deep and shallow sides. Placed 
upon the glass over the deep side, they 
·did not back in a circle like normal kit­
tens but showed the same behavior that 
they had exhibited on the shallow side. 
Other investigators have observed equiv­
alent behavior in dark-reared kittens; 
they bump into obstacles, lack nOlIDal 
eye movement and appear to "stare" 
.straight ahead. These difficulties pass 
after a few days in the light. We accord­
ingly tested the kittens every day. By 
the end of a week they were performing 
in every respect like normal kittens. 
They showed the same unanimous pref­
erence for the shallow side. Placed upon 
the glass over the deep side, they balked 
and circled backward to a visually se­
cure surface. Repeated descents to the 
deep side, and placement upon the glass 
during their "blind" period, had not 
taught them that the deep side was 
"safe." Instead they avoided it more and 
more consistently. The initial blindness 
of dark-reared kittens makes them 
ideal subjects for studying the mat­
uration of depth perception. With 
further study it should be possible to 
determine which cues they respond to 
first and what kinds of visual experi­
ence accelerate or retard the process of 
maturation. 

From our first few years of work with 
the visual cliff we are re;ldy to venture 
the rather broad conclusion that a seeing 
animal will be able to discriminate 
depth when its locomotion is adequate, 
even when locomotion begins at birth. 
But many experiments remain to be 
done, especially on the role of different 
cues and on the effects of different kinds 
of early visual experience. 
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CONTROL EXPERIMENT measured the effect on rats of reflections on the glass of the 

apparatus. The percentage of animals leaving the center board decreased with increasing 
depth i.n much the same way, whether glass was present (black curve) or not ( colored curve) . 

i=' Z 
UJ 
U 

a< 
UJ 
� 
<9 
Z 
0 
Z 
UJ 
U 
V) 
UJ 
Cl 

V) 
-' « 
� 
Z « 

100 ---r-'l---

80 

60 

40 

20 

0 ---1.-1--­
RATS 

(MOTION 
PARALLAX CUES) 

RATS 
(PATTERN 

DENSITY CUES) 

KITTENS 
(BOTH CUES) 

DARK-REARING EXPERIMENTS reveal the order in which different depth-cues are 
utilized as animals mature. Animals reared in the light (open bars) all strongly preferred 
the shallow side (color) to the deep side (gray). Dark-reared'rats (solid bars), utilizing 

motion parallax alone, still preferred the shallow side; pattern density alone elicited no 
preference. Dark-reared kittens also showed no preference, because of temporary blind­

ness. After seven days in the light aLI of them chose the shallow side (hatched bar)_ 
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RESONANCE·ABSORPTION EXPERIMENT was photographed 

at the Argonne National Laboratory. Assembly of iron·57 sonrce of 

gamma radiation together with absorber and detector can be seen 

at npper right in top pictnre, mounted on a lathe that moves the 
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absorber. In the close·np of the assembly (bottom) the source is the 

flat plate between tapering magnetic poles (left). Absorber is 

mounted in circular disk (center) ; detector is in cylinder (right). 

Magnet is used to measure "hyper fine" splitting of absorption line. 
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The Mossbauer Effect 
A German physicist's discovery is the basis of a "nuclea r clock" 

0/ unprecedented accuracy. Such a device should make possible 

the first conclusive test of the general theory of relativity 

i\cording to a very old and very 
wise myth, Zeus, the chief deity 
of Olympus, was the son of Chro­

nos, the god of time. The legend dem­
onstrates the Greeks' deep intuitive un­
derstanding of the natural world; they 
realized that time is the first of all 
mysteries, the most fundamental of all 
concepts. 

Just recently there has fallen into 
man's hands an almost unimaginably 
sensitive technique for measuring time 
and penetrating some of its long-kept 
secrets. Thus Chronos is suffering the 
fate of his Olympian descendants, whose 
placE's were usurped by laws of nature 
as Greek intuition gave way to the quan­
titative reasoning and experimental 
methods of our scientific age. 

We begin the account of this develop­
ment in the Attic spirit, with an embel­
lishment of the ancient legend. Imagine 
that at the first Olympic games, a few 
hundred years before the time of Christ, 
Chronos himself awarded a prize to the 
winner of the marathon. Of course the 
prize was a watch, but a watch of per­
fect accuracy such as only the god of 
time could give. We may well suppose 
that this matchless timepiece was rever­
ently handed down from father to son. 
Designed like a modern watch, it ticked 
away through the centuries exactly five 
times per second, measuring the absolute 
and immutable flow of time. 

Then came Albert Einstein to pro­
claim the relativity of time. His special 
theory of relativity showed that the rate 
at which clocks run depends on their 
relative motion. If a fast runner carried 
Chronos's gift, it would lose time at the 
rate of about a hundredth of a tick in 
a million million. Not a very serious loss, 
but in principle an affront to the dignity 
of the god. Furthermore, according to 
the general theory of relativity, the 

by Sergio De Benedetti 

watch would slow down by about the 
same amount if it were kept on the top 
floor of a building a few stories high 
rather than on the ground floor, because 
of the difference in the gravitational po­
tential energy. 

Still, as an anthropomorphic god, 
Chronos could afford to shrug off rela­
tivity. Perhaps subatomic particles, mov­
ing at nearly the speed of light, would 
demonstrate the contraction of time with 
velocity; perhaps the gravitational effect 
could be perceived in the red-shift of 
light from the dense companion of Sirius. 
But on earth, for distances and speeds on 
the human scale, the effects would be 
undetectable. And so they were until 
a few months ago, when the German 
physicist R. L. Mossbauer published a 
paper that opened the way to a meas-

urement of the loss of a hundredth of a 

tick in a million million! 

To understand the significance of 
Mossbauer's contribution, consider· 

the requirements of an instrument to 
measure time. First of all, there must be 
a periodic device-something that under­
goes a repetitious, or cyclical, motion 
always in the same length of time-like 
a pendulum or a balance wheel. But for 
extremely accurate studies mere regu­
larity is not enough. There must be a 

substantial number of repetitions in a 

reasonable time. The faster the ticking 
and the greater the number of uninter­
rupted ticks, the better. 

We can see why this is so if we sup­
pose that we really have Chronos's 
watch, and that its perfect balance-wheel 

TRANSMISSION OF GAMMA RAYS in absorption experiment is recorded as vertical 

deflection on oscilloscope. Peak at left shows transmission when source and absorber are at 

rest and therefore in resonance. Peak at right shows increased transmission when source 

and absorber are "detuned" by moving absorber at the rate of 1.17 millimeters per second_ 
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is the fastest pendulum device available 
to us. All slower processes could be.meas­
ured in terms of its one-fifth-of-a-second 
ticks. But what if we made a second 
watch as closely like it as possible and 
set out to compare the two? Assume that 
this second device actually runs slow at 
the rate of one tick in 1012 (a million 
million). Assume also that we can de­
tect that the two watches are not syn­
chronized when they differ by as little 
as, say, a 10th of a tick. If they start out 
exactly together, they must tick 1011 
times before we can tell that one is run­
ning slower. At the rate of five ticks 
per second this would take about a mil­
lennium. 

In the past few years physicists have 
found much more rapid and accurate 
pendulums. Using the vibrations of cer­
tain molecules or atoms, they have built 
atomic clocks that tick several thousand 
million times a second [see "Atomic 
Clocks," by Harold Lyons; SCIEKTIFIC 
AMEHICAN, February, 1957]. But nature 
has provided a still better timekeeper 
in the nucleus of the atom. 

In classical terms (by which is meant 
not the ancient Greeks and their gods, 
but simply a description that does not 
involve quantum ideas) we may think of 
a nucleus as a spherical body with a 
uniformly distributed positive electric 
charge. The sphere is not rigid, but 
behaves like a liquid drop. If the nu­
cleus is excited, the sphere vibrates 
like a drop of water or mercury. When 

it vibrates, the nucleus radiates elec­
tromagnetic waves, which we call gam­
ma rays. The emission of the waves re­
quires energy; the amplitude of their 
vibration gradually decreases in the 
same way that the vibrations of a violin 
string die out as their energy is carried 
away by sound. 

In a typical case the frequency of 
the gamma-ray vibration may be 1018 (a 
million million million) oscillations per 
second. Since certain nuclei emit energy 
at a very slow rate, they keep on vibrat­
ing for a relatively long time, a time 
which is measured in seconds, days or 
even months. These long-lasting excited 
states of nuclei are called isomeric states, 
and their duration is usually expressed 
in terms of a half-life-the time required 
for the intensity of the emitted radia­
tion to decrease by half. 

An excited nucleus with a long half­
life is a virtually perfect pendulum. All 
nuclei of the same kind are exactly alike; 
this is a great advantage over man-made 
pendulums, no two of which are ever 
really identical. Moreover, being pro­
tected from external influences by sur­
rounding atomic electrons, a nucleus 
vibrates at a rate that is not affected 
by external influences such as tempera­
ture or chemical change. Finally, a nu­
clear pendulum is not damped by un­
predictable frictional forces, and thus 
"ticks" with absolute regularity an enor­
mous number of times without requiring 
to be pushed again. Even if the half-life 

RELATIVE MOTION of source and absorber can also be produced by linking the source 
(thin cylinder) to a loudspeaker (left), which vibrates in response to an audio·frequency 

signal. Gamma rays pass through absorber (center) and into detector (right). Source 

appears sharp when speaker is still 110/1); slightly blurred when it vibrates (bottom). 
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is only a millionth of a second, there will 
be 1012 vibrations before the oscillations 
are considerably damped. 

A good pendulum is tIre heart of a 

good clock, but it is not the clock itself. 
There must also be a device, such as a 
dial with hands, that counts the swings 
of the pendulum and thus allows us to 
read the time. We cannot directly count 
the oscillations of a vibrating nucleus. 
What we can do, however, is to compare 
with great accuracy the frequencies of 
two nuclear pendulums. 

The method is based on the familiar 
observation that sound waves from a vi­
brating piano-string induce resonant vi­
brations in another string, initially at rest 
but tuned to the same note. In the same 
manner gamma rays emitted by an os­
cillating nucleus are absorbed by another 
nucleus of the same kind, and set it into 
vibration. 'vVhen we observe this, we 
know that tIre two nuclei must have the 
same vibration rate, within very narrow 
limits of error. 

What sets the limits? As our earlier 
example indicated, the accuracy 

that can be achieved in measuring a fre­
quency increases with the number ot 
oscillations involved. This means that a 
nucleus with a long half-life has an in­
trinsically better-defined frequency than 
a nucleus of short half-life. But reso­
nance excitation requires that the fre­
quencies of emitter and absorber be the 
same within their intrinsic accuracy. It 
follows that the "sharpness" of the reso­
nance increases with the half-life of the 
excitation, which we have already 
deemed to be related to the quality of 
the clock. 

In our typical case of 1012 spontane­
ous nuclear oscillations the resonance ef­
fect disappears if the frequency of the 
emitting nucleus differs from that of the 
absorber by as little as one part in 101c. 
In the language of modern physics we 

say that the width of the resonance, or 
the line width, is one part in 1012. 

At present the most convenient mate .. 
rial to use in resonance experiments is 
the iron isotope of mass 57. One starts 
with a radioactive source of the isotope 
cobalt 57, which is commercially avail­
able and has a convenient half-life of 
280 days. As the cobalt-57 nuclei decay 
at this leisurely rate, they change in to 
excited nuclei of iron 57. The iron nuclei 
vibrate at a frequency of 3 X 10)8 oscil­
lations per second, with a half-life of 
10-7 second (a 10th of a millionth of a 
second). Thus an iron-57 nucleus emits 
roughly 1012 waves. 

In the resonance measurement a nar­
row beam of the waves is aimed at an-
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other piece of iron containing stable 
nuclei of iron 57 [see bottom illustration 
on this page J. At resonance these nuclei 
strongly absorb energy from the beam 
and reradiate it in all directions. A scin­
tillation counter set up beyond the ab­
sorber in the line of the original beam 
records a sharp drop when the absorber 
nuclei are in resonance with the beam. 
At the same time a counter located near 
the absorber at right angles to the beam 
direction shows an increase in energy 
due to the scattered radiation emitted by 
the absorber nuclei. The experiment is 
not at all difficult to perform. If one 
uses pure iron 57 for the absorber, the 
difference in the transmitted energy re­
corded by the first counter at resonance 
and out of resonance is as large as 50 per 
cent. 

The theory of nuclear resonance goes 
back several years, and, as we have re­
marked, the crucial experiment is a com­
paratively easy one. Why was it not done 
earlier? The reason is that certain sec­
ondary effects made it quite difficult to 
observe nuclear resonance before the 
work of Mossbauer. 

To explain these effects we shall have 
to abandon the oversimplified, classical 
picture of nuclear radiation and consider 
some of its quantum aspects. On this 
view an excited nucleus does not lose 
its energy gradually by radiating a con­
tinuous wave in all directions. Instead, 
at an unpredictable moment, it drops 
abruptly from its excited state to its 
stable, or "ground," state, emitting a 
"packet" of radiation in a single. un­
predictable direction. This packet, or 
photon, carries an amount of energy 
equal to the difference in energy be­
tween the excited and ground states of 
the emitting nucleus. The absorption 
process is just the reverse. A nucleus in 
the ground state absorbs a photon and 
is raised to the excited state. Some time 
later it reverts to the ground state and 
reradiates the energy as a new photon. 

k.. Einstein showed many years ago, 
the energy carried by a photon is 

proportional to its frequency. Thus in a 

certain sense the words "energy" and 
"frequency" can be used interchange­
ably in quantum-mechanical language. 
For example, the poor definition in fI:e­
quency due to a short half-life now be­
comes a poor definition in energy, and 
the physicist speaks of the width of an 
energy line. 

In quantum-mechanical parlance res­
onance occurs only if the energy lines 
of the source and absorber overlap 
within their widths. In the case of iron 
57 the photon has an energy of about 

• 

( :> 

NUCLEAR RADIATION is illustrated schematically in "classical" terms (top left) and 

quantum terms (top right). Dot represents an isolated nucleus; circles represent spherical 

waves in cross section. Rectangular wave-packet at right represents a photon. On either 
picture an assembly of many nuclei would emit radiation equally in all directions (bottom)_ 

(t) 
t:::::::::J 

--- - ------�----------------- ----------------E:J ----------G Q) 

RESONANCE is demonstrated by directing a beam of gamma rays from excited nuclei (dot 
at left) at target nuclei (dot a/. right). Detectors (rectangles) in line with beam measure 

transmission; those at right angles to beam, scattering. Meter dials represent schematically 

the values of transmission and scattering at resonance (top) and out of resonance (bot/om)_ 
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QUANTUM TRANSITIONS between high energy·level (shaded bands) of an excited stale 

nnd low energy.level {horizontal line) of the ground state result in emission or absorption 

of photons (bottom). Photons vary slightly in frequency (and spectral lines have finite 

widths) because of energy spread of excited state. The average value is the most probable. 

14,000 electron volts. If we think of this 
energy as represented by a line in a 
spectrum of energies, then the width of 
the line is determined by the half-life of 
the excited state of iron 57. As we have 
mentioned, the half-life is about 10-7 
second, which gives a line width of 
about 10-8 electron volt. This means that 
the uncertainty or fuzziness in the pho­
tons' energy is approximately one part 
in 1012. 

Now when a nucleus emits a photon, 
the nucleus recoils in the opposite di­
rection, like a gun that has fired a bul­
let. In both cases the recoiling mass 
takes up part of the energy produced, 
and the bullet or gamma ray emerges 

a change in fre­

quency of waves emitted by a moving source 

(dot) or received by a moving observer. 

Waves are crowded in the direction of 

motion and spread in the opposite direction. 
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with less than its maximum available 
energy. On the other hand, a nucleus 
that· absorbs a gamma ray recoils too, 
and thus requires a photon with some­
what greater energy. As a result both 
emission and absorption lines are dis­
placed. In the case of iron 57 the recoil 
energy is about 10-3 (one thousandth) 
electron volt. This is small indeed com­
pared to the energy of a photon, but it 
is still 100,000 times larger than the line 
width. Thus the emission and absorption 
lines are completely separated, and 
resonance cannot occur. 

If we think of the process in terms 
of frequency rather than energy, then 
the destruction of resonance can be un­
derstood as resulting from the Doppler 
effect. A moving source of radiation, 
whether it be the whistle of the prover­
bial train or an excited nucleus, emits 
waves that are packed together more 
tightly in the forward direction and 
more loosely behind [see illustration at 
left]. Hence the radiation from a re­
coiling nucleus, which is of course 
always emitted in the direction opposite 
to the recoil, has a lower frequency than 
if the nucleus were standing still. 

But if the motion of recoil destroys 
resonance, an opposite, offsetting motion 
should re-establish

' 
it. And so it does, 

as P. B. Moon and A. Storruste of the 
University of Birmingham demonstrated 
in 1953. They mounted a source of ex­
cited mercury-nuclei on the arm of a 
centrifuge. When the arm was rotated 

at the right speed, they observed reso­
nance in a stationary mercury absorber. 
The motion required to offset the nu­
clear recoil in mercury was of the order 
of the speed of sound. 

Moon showed how to compensate for 
the recoil. Mbssbauer showed how to 
eliminate it. If we want to keep a gun 
from recoiling, so that the whole energy 
of the explosive charge will be imparted 
to the bullet, we must fasten the gun 
to the ground or to some heavy object. 
This is exactly what Mbssbauer did to 
the nuclei; he fastened them to a piece 
of solid 111 a tter. 

He realized that, under proper con­
ditions, the forces that hold atoms to­
gether in a crystal can anchor excited 
nuclei and prevent them from recoiling 
when they emit their photons. We will 
not go into the conditions in detail. One 
condition has to do with the energy 
of the photon (which determines the 
speed of recoil). If the energy is too 
great, the crystal binding-forces cannot 
hold any of the emitting nuclei, and 
they tear loose and recoil. 

A second condition concerns oscilla­
tions that are always set up in a crystal 
when a nucleus does recoil. According 
to quantum theory such oscillations oc­
cur more easily at higher temperatures. 
Hence cooling the crystal reduces its 
ability to accept the recoil energy, and 
increases the fraction of nuclei that do 
not recoil. 

]. n Mbssbauer's original studies he used 
. the excited nucleus of iridium 191, 

whose photon has an energy of 129,000 
electron volts. In order to anchor even 
a few per cent of these nuclei he had to 
cool the crystal to the temperature of 
liquid air. 

After Mbssbauer's work became 
known in this country, experimenters at 
Harvard University, the Argonne Na­
tional Laboratory and elsewhere found 
several other nuclei that exhibit reso­
nance absorption. The most useful is 
iron 57. The low energy of its photons 
(14,000 electron volts) and its relatively 
long half-life (10-7 second) give a sharp 
resonance of considerable intensity at 
room temperature. 

vVhen recoil is eliminated and reso­
nance is established, a slight motion of 
the source with respect to the absorber 
produces enough frequency shift to de­
stroy the resonance again. This provides 
a means of unparalleled sensitivity for 
observing the Doppler effect. With older 
instruments the effect could be observed 
only for rather high velocities, i.e., ve­
locities of the same order as those of the 
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RECOILING NUCLEUS (clot at top left) emits photons of less 
than maximum possible frequency, or energy, which are therefore 
out of resonance with absorbing nuclei (dots at top right). Offset· 

• 
• 

ting the recoil velocity by moving the emitter in the opposite direc­
tion (center) can restore resonance. In the Mossbauer effect (bot­

tom) recoil is prevented by anchoring emitting nucleus in a crystal. 
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waves involved. Fast trains were needed 
in order to perceive the acoustical Dop­
pler effect; swift astronomical or atomic 
motions to detect the optical (electro­
magnetic) Doppler effect. By means of 
nuclear resonance, Doppler-frequency 
changes can be observed for ridiculously 
small velocities. Miissbauer put his 
source on the rotating turntable of a 

record player and the resonance was 
gone! Still more amazing, with iron 57 
the resonance disappears at speeds of the 
order of a couple of inches per minute. 

Moreover, the iron resonance-line is 
by no means the narrowest known. 
There are isomers whose half-lives are 
measured in seconds, or even in months, 
whose line width must be at least a mil­
lion times sharper. But will it ever be 
possible to observe the corresponding 
resonances? To do so it will be necessary 
to control the relative speed of source 
and absorber within a hundred millionth 
of a centimeter per second or less, and 
this may present difficulties. 

In studying the detailed properties of 
a nuclear resonance the source is moved 
toward and away from the absorber at 
various closely controlled speeds, and 
the intensity transmitted by the absorber 
is measured. When the transmission for 
iron 57 is plotted against velocity, the 
resulting curve shows a large absorption 
dip at zero relative speed and some 
smaller dips on either side [see illustra­
tion on page 80]. This shape means that 
the resonance is not actually a single 
line, but is split into closely spaced lines. 
The explanation of "hyperfine" splitting, 
as it is called, is to be found in the 
magnetic properties of nuclei. 

Each nucleus is a small magnet, and 
the iron-57 nuclei are located in the 
strong magnetic field of the iron crystal. 
Quantum theory tells us that the little 
nuclear magnets can take only certain 
or.ientations with respect to the sur­
rounding field; each orientation corre­
sponds to a slightly different energy. 
Hence every energy level of the nucleus 
is actually split into several sublevels, 
corresponding to the various possible 
orientations in the magnetic field. The 
transitions between levels, and the 
emitted photons, have slightly different 
energies, or frequencies, depending on 
which sublevels are involved. 

The study of hyperfine splitting has 
just started. The Argonne group has 

already obtained valuable information 
about the magrfetization of excited nu­
clei, which is difficult to measure in 
other ways, as well as about the mag­
netic fields existing in certain solids. But 
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by far the most fascinating applications 
of nuclear-resonance absorption are 
those concerning the essence of time. 
As we remarked at the outset, two ex­
periments suggest themselves: a test of 
the contraction of clock time due to 
velOCity, as predicted by the special 
theory of relativity, and of the similar 
contraction due to gravitational fields, 
postulated by the general theory of 
reI a tivi ty. 

According to special relativity the 
usual concepts of time and simultaneity 
are valid only for observers who are not 
in relative motion. If the watch of a 
stationmaster and that of a train conduc­
tor agree perfectly when the train is in 
the station, they no longer agree when 
the train moves: each man will see the 
other's clock as going too slow. The pre­
diction has been verified in the case of 

subatomic particles traveling at nearly 
the speed of light, and the special theory 
of relativity now rests securely on un­
controversial ground. It is nonetheless of 
considerable interest to observe the con­
traction of time in macroscopic bodies 
moving at comparatively low speeds. 
Moreover, it should be possible to check 
one consequence of time contraction 
that has never been observed with cer­
tainty-the transverse Doppler effect. 

As we ordinarily think of the Doppler 
effect, we expect to find a change in fre­
quency in the direction of motion of the 
radiating source, but not in the direction 
perpendicular to the motion [see bottom 
illustration on page 76]. However, rela­
tivity shows that there must be a small 
decrease in frequency in the transverse 
direction, because to a stationary observ­
er the vibrations of the moving source 

RELATIVISTIC EFFECTS are illustrated schematically in these diagrams. Drawings at top 

represent imaginary experiments comparing clocks that are in relative motion (left and 
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will seem too slow. An experiment to 
measure the transverse Doppler effect 
has been conducted in England by H. J: 
Hay, J. P. Schiffer, T. E. Cranshaw and 
P. A. Egelstaff. They placed a source 
of iron-57 nuclei at the center of a ro­
tating disk, put an absorber on the rim 
and a detector beyond the disk [see il­
lustmtions on these two pages J. When 
the disk was rotated at 500 revolutions 
per second, the counting rate was 4 per 
cent higher than when it was stationary, 
indicating that the absorber was out of 
resonance with the source because of the 
transverse motion. This is what one ex­
pects from time contraction. 

Let us look a little more closely at the 
interpretation of this experiment. The 
iron nuclei at the center and at the rim 
of the disk are clocks, or at least pendu­
lums, and we are trying to compare their 

frequencies of oscillation. To visualize 
the situation more vividly let us trans­
form the disk into a merry-go-round and 
put a human observer at the center. With 
him he has a clock and a fishing rod. On 
the edge of the merry-go-round is a sec­
ond clock, identical with the central one. 
Now suppose that the observer, together 
with his equipment, is on a platform that 
does not turn with the merry-go-round. 
To keep the distant clock in sight he 
must himself turn around. Thus he 
knows that the clock is moving, and 
when he sees it running slower than his 
local clock, he attributes the difference 
to the time contraction of special rela­
tivity. His fishing line, hanging straight 
down in the space between his stationary 
platform and the merry-go-round [see 
top illustration on opposite page J indi­
cates that there is no horizontal force 

� ---------
!A�-

----
::.'., 

"'-�'';;'�>;;'���$:����i� 

center) or at different gravitational potential energies (right). 

Lower drawings show how nuclear resonance-absorption measure-
ments, as described in the text, make such experiments possible. 
Turntables test special, and tower general, theory of relativity. 
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acting between the two clocks. We shall 
see the significance of this observation in 
a moment. 

I f we replaced the ordinary clocks with 
"clocks" of iron-57 nuclei, the ob­

server could not actually perceive that 
one nucll;)ar clock vibrates more slowly 
than the other. vVhat he would perceive 
is that the frequency of the photons sent 
out by the central clock is different from 
the frequency of the distant clock, or 
absorber. Since he believes the photon 
to have the "right" frequency, he says 
that the absorber frequency is too slow. 

Now imagine a slightly different situ­
ation. The observer and his clock (or 
source) are no longer isolated from the 
merry-go-round, but turn with it. Would 
we expect a transverse Doppler effect 
here? The answer is yes, because the 
linear speed connected with the observ­
er's rotation at the center of the disk is 
much less than the speed of the absorber 
on the rim. But in this case an entirely 
different interpretation is possible. 

To return to the man and his fishing 
rod, he can now stand still and keep the 
distant clock in sight; it appears station­
ary to him. But when he looks at his fish­
ing line,. he finds it hanging outward, 
toward the rim of the merry-go-round. 
Thus he perceives a horizontal force that 
pushes things from the center to the out­
side. It is, of course, the inertial (centrif­
ugal) force arising from the fact that 
the merry-go-round does not move at 
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constant speed in a straight line; in other 
words, the motion is accelerated. He 
now ath'ibutes the disagreement be­
tween clocks (actually, the lack of reso­
nance) to the presence of the force. 

He reasons as follows: The photons 
emitted by the source, in traveling to­
ward the absorber at the rim, must be 
acted on by the outward force that is re­
vealed by the fishing line. Since the pho­
tons are already moving at the maximum 
possible velocity-the velOCity of light­
the force cannot speed them up, but it 
does increase their energy and therefore 
their frequency. Thus they arrive at the 
absorber with too high a frequency, and 
the resonance is destroyed. 

Note that in the first case the observer 
believes that the frequency of the pho­
tons is constant and that the frequency 
of the absorber decreases. In the second 
case he thinks that the absorber remains 
at constant frequency while the photon 
frequency increases. Experimentally 
there is no way to decide which has hap­
pened. They both result in the same de­
tuning from resonance. Furthermore, 
computation shows that the difference 
in frequency is the same either way. 

Thus far we have given two equiva­
lent explanations of an effect of special 
relativity. But now we pass to the next 
question: Does gravity act on photons in 
the same way that centrifugal force 
seems to? The answer is not obvious. For 
example, electric and magnetic fields do 
not act on photons at all. How can we 

o +.4 +.8 

RELATIVE SPEED (CENTIMETERS PER SECOND) 
RADIATION TRANSMITTED by an absorber moving with respect to a source is plotted 

against the relative velocity of the hodies toward one another (positive) or away (negative). 

The multiple dips in the curve represent hyperfine splitting due to nuclear magnetism. 
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decide a priori whether gravity will? 
Einstein answered this question. The 
fundamental assumption of the theory 
of general relativity is that gravity acts 
in exactly the same way as inertial forces 
that appear in accelerating systems. The 
assl!mption is known as the principle of 
equivalence. It predicts that there will 
be a lack of synchronization in clocks 
that is caused by gravitational fields, or, 
to put it another way, that photons be­
ing pushed or pulled by gravitational 
forces will change in frequency. 

Modern physicists are inclined to be­
lieve in the validity of general relativity 
for esthetic reasons, because it is mathe­
matically so elegant and philosophically 
so satisfying. They use the theory in all 
speculations on cosmology, including the 
questions of the curvature of the uni­
verse, its size, its beginning, its expan­
sion and its evolution. But although cer­
tain experiments seem to check some 
consequences of the principle of equiva­
lence, according to the experts there is 
no verification that stands a strict critical 
analysis. 

p resently it seems as though nuclear 
resonance should provide the long­

awaited crucial test. The experiment is 
very simple in principle. A source of 
iron 57 is allowed to emit photons ver­
tically, say in the downward direction. 
Do these photons gain energy, and thus 
frequency, while traveling down, be­
cause of the gravitational attraction of 
the earth? Is there a detuning, a clock 
contraction, with an absorber a few 
stories lower? The expected effect, if 
general relativity is correct, is small-of 
the order of one hundredth of the line 
width. But it should be possible to ob­
serve it with available instrumentation. 

Schiffer, Cranshaw and A. B. White­
head, who have performed the experi­
ment at the British Atomic Energy Es­
tablishment in Harwell, report that their 
initial results show an effect about 96 
per cent as great as the theory predicts, 
with an error of 45 per cent. R. V. Pound 
and Glen A. Rebka, performing the test 
at Harvard, have not yet announced 
their findings. 

In any case the matter should be defi­
nitely settled before very long. And so 
Chronos is overthrown along with the 
other gods. Or is he? The writer, an ob­
stinate humanist and classicist, prefers 
to think that the triumph of physics is 
just the victory of Athena, the virgin 
goddess of intellect, over most of her 
Olympian companions. If only we do not 
throwaway other human values, if we 
can save Aphrodite, the fertile goddess 
of beauty and love, all should be well. 
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on: 
. • •  sunshine for the plastics man who worries • • •  a IiHle 

Our involvement in infrared detectors has deepened. 
Pictured at the top of this page are, respectively, the 

simplest kind of Kodak Ektron Detector with a rectangular 
sensitive area of any reasonable dimensions, available either 
in a 3-pin miniature cable socket or unmounted with re­
solderable leads; an "immersed" detector with detecting 
substance deposited on the plano surface of a radiation­
collecting lens; a detector mounted in a Dewar for cooling 
by cryostat. We also deposit detecting substance in sepa­
rated or intricate configurations as ingenuity, under neces­
sity's goad, may provide. 

Since any of these physical forms can now be provided 
with any of six different kinds of lead sulfide or lead selenide 
depositions, as governed by spectral sensitivity, response 
time, temperature, and ambient humidity, the print gets 
quite fine in a folder we are publishing this month to guide 
the selection of Kodak Ektron Detectors. 

A free copy is available from Eastman Kodak Company, Appa­
ratlls and Optlc�l DIVISiOn, Rochester 4, N. Y. /t is designed to 
make the sale wilh mll1lmum further correspondence. To give you 
an Idea, the off-the-shelf, one-only price scale starts from $14.50. 

Corruption (an be arrested 
CH3-N-CH3 

yH3 I OH 
N--P=O 

tH3 I 
CH3-N-CH3 O-coo-O 

HPT RMO 

HO-

y3H7 

C�O 

O
� OH 

6H 

OPS will arrest corruption will arrest corruption will arrest corruption THB? will arrest corruption 

"You" are assumed to be a producer of compounds for 
molding or extrusion. This message is strictly private be­
tween you and us. As far as your customers, the molders 
and extruders, will ever know, the reason why your vinyls, 
cellulosics, polyesters, or polyolefins stand up so well to 
weathering is the integrity of your name. And as far as their 
customers will ever know, it is their integrity that explains 
why so little cracking, crazing, embrittlement, gumming, or 
discoloration with the passage of time and sunshine. 

The concept of integrity is more readily grasped than is 
the principle that every C-C bond, every O-H bond, every 
C-Cl bond, every C= N bond, has its own price-a photon 
of ultraviolet radiation just right in energy to snap it. Thus 
corruption of plastics, a chain reaction like other corrup­
tions, begins. A rival substance that grabs off the u-v pho­
tons first and degrades their energy will delay the corruption 
for a long time. 

Other corruptions, initiated by atmospheric oxygen, can 
be delayed by compounds that stop the action by supplying 
hydrogen at a critical juncture. Of course, choice in inhibitors 
is greatly restricted by many considerations of physical and 
chemical compatibility. 

Obviously, we think we have made a good choice in these 
new ones: 
Eastman Inhibitor OPS (p-Octylphenyl Salicylate), at I to 5 % 
levels, a preventive of the photo-oxidation that forms delete­
rious carbonyl groups in polyethylene and polypropylene. 
Eastman Inhibitor HPT (Hexamethylphosphoric Triamide), 
very pale, water-soluble, a liquid u-v inhibitor for use with a 
heat stabilizer in poly(vinyl chloride) at I to 2 %. 

Eastman Inhibitor RMB (Resorcinol Monobenzoate), a non­
coloring u-v inhibitor at 1 % levels for transparent cellulose 
acetate butyrate. Superior to phenyl salicylate. Also pro­
tects cellulose acetate, cellulose acetate propionate, poly­
styrene, poly(vinyl chloride), and ethykellulose. 
Eastman Inhibitor THBP (2,4,5-Trihydroxybutyrophenone), 
an antIOxIdant for polyolefins and various paraffin waxes. 
May be added in solid form directly during the milling 
process, or in solvent solutions to dry powders or melts, at 
0.01 to 0.1 % concentrations. Especially valuable for absence 
of stain at the low concentrations. 

. 
/sn't it fun how in the chemical industry practically everybody is 

slmulta?eously practically everybody else's customer, supplier, and 
competilor! Data sheets and development samples (for those in a 
po.S[/iOn to evaluate them) from Eastman Chemical Products, 1nc., 
KlI1gsport, Tenn. (Subsidiary of Eastman Kodak Company). 

Metallography and other matters 
You would think we had nothing better to do than write 
letters and be friendly, helpful, and cheerful. 

Though this policy hasn't sunk us yet, we do go through 
m

.
otlOns to put

. 
the dispensing of technical photographic 

WIsdom on a shghtly self-sustaining basis. For those who 
have no� yet delved deep enough to frame specific questions, 
we pubhsh what we call Kodak Data Books and print on the 
cover a small cash price, like 50¢. 

Just issued is a new one, "Photomicrography of Metals." 
It contains 13 pages on the metallographic microscope (un­
biased toward any particular make of instrument, since we 
are not in that business), 3 pages on illumination 5 on filters 
3 on photographic materials (which we do make), 5 on ex� 
�osure determination, and 8 on processing and printing­
Just enough for thoughtful perusal between the evening paper 
and the 11 o'clock news. The pages are meaty; the illustra­
tions are there to explain, not just fill space; the author 
(anonymous) is a photomicrographer, not an ad-writing 
hack. 

Also just published is the 8th edition of one that has 
taught many thousands of people since 1933 the rock-bottom 
facts about the photographic emulsion as a scientific device 
The title, "Kodak Photographic Films & Plates for Scientifi� 
and Technical Use," dissembles a wee bit. In the old days 
astronomy was regarded as too thin and unworldly a market 
to justify commercial literature; therefore the title was de­
vised as a shield from the beady eyes of hard-headed ac­
countants. They find it hard to understand that addressing 
ourselves to the needs of men with their minds inside stars 
strengthens the capabilities of photographic technology in 
general. Indeed, this new 8th edition contains some helpful 
hints from Mount Wilson and Palomar Observatories 
that could teach an amateur astronomer to think like a pro. 
The edition reveals some constriction from the sprawling 
diversity of Kodak "Spectroscopic" Plates and Films hitherto 
offered, and these pages show how the present lineup fills 
the bill. 

Theoretically' the purchase of these data books from your Kodak 
dealer draws him and you closer together. Those willing to forego 
the personal touch can obtain them from Special Sensitized 
Products Division, Eastman Kodak Company, 
Rochester 4, N. Y., which is also the place to 
address specific questions. 

Price quoted is subject to change without notice. 

This is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a little 

revenue from those whose work has something to do with science 
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WESLEY R. GILBERT, 
Hayes Chief Engineer, tells 
about the • • •  

"VACUUM AGE" 
OF HEAT TREATING 

A major New York manufacturer 
of aircraft equipment recently re­
ported their Hayes Vacu-Master 
Cold Wall Furnace was paying off 
in many ways - providing rapid 
cycling, simplified work handling, .� 

�, � and complete production flexibility . •  � 
,,) Additionally, the vacuum furnace �i "�' has eliminated need for atmosphere '�i :r equipment . . .  and produced work -::. 

.7;' (stainless steel brazing ) of maxi- ; ' 
;;; mum strength 

". and finest grain 
s t r u c t u r e . 
Best of all, it's 
economic! 

Similar Success Stories come to 
us from other users of Hayes Fur­
naces. Successful heat treating of 

"exotic" metals (tan­
talum, titanium, nio­
bium, etc.) in the 2600 
to 4500°F range. Suc­
cessful sintering, hard­
ening, annealing, and 
degassing at high pro­
duction rates. Success 
stories all aruLlnd! 

The "Universal Atmosphere" 
has Universal Applications 

.' Unlike other "atmospheres," vac-
;:;; uum has virtually no job limita- ., 
'i' tions. Here's where the ingenuity of �� 
'7'1 Hayes development lID' � 
�, engineers c o m e s  . c  - � :�� �: into play. By coor- . .. . �' �. dinating furnace q. 
i�� d e si g n  w i t h  job " t ;�� requirements ... and by PROVING r1. � RESULTS in the Hayes lab ... Hayes t, � vacuum furnace engineers assure 

" 
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the customer a "RESULTS GUARAN­
TEED" installation every time. I'd 
like to invite you to advance your 
heating into the "vacuum age" ... 
with HAYES! 
Write for vacuum Bulletin 5709A. 

c. I. HAYES, INC. 
fllobli.lI,cI J90S 

835 WElliNGTON AVE, • CRANSTON 10. R. I. 

[ECEURllQ'51rURNAC£.\ � 

It Pays To See Hayes for meta t l tJrgi c:ol 
guidance, lab focilitu�s, furnaces, otm'os , 
generators, gas and liquid dryers. 

Geneva Conference Resumes 

P 
oli�ic�l representatives of Great 
Bntam, the U.S.S. R. and the U. S. 
at the Geneva conference on cessa­

tion of nuclear-weapons tests have re­
sumed negotiations after a recess of 
several months. They took up where the 
technical experts from these countries 
who met last December left off-debat­
ing problems of the detection and in­
spection of underground tests. 

When the conference reconvened, the 
U. S. proposed a new agreement to cover 
only "controllable " explosions. This 
would have included all surface, atmos­
pheric and ocean tests, tests in space out 
to great distances and all underground 
explosions "which cause seismic magni­
tude readings of 4.75 or more. " Smaller 
explosions were to come under the agree­
ment as means of detecting and of dis­
tinguishing them from earthquakes im­
proved. The minimum size was ex­
pressed in terms of a seismometer read� 

ing rather than in kilotons of explosive 
power because "Soviet and Western sci­
entists are in substantial agreement as to 
the measurement of signals but not on 
the equivalent kiloton yields of seismic 
disturbances. " According to U. S. calcu­
latiOi1S the proposed reading is roughly 
equivalent to a 20-kiloton explosion. 

The U. S. proposal was rejected by 
Soviet negotiators twice; once unofficial­
ly after it had been described (unoffi­
cially) in the U. S. press and again when 
it was formally presented to the con­
ference. Then the U.S.S. R. made a new 
offer of its own. It would accept criteria 
suggested by the West for deciding I whether a "seismic event" was suspicious 

SCIENCE AND 
enough to merit inspection. Previously 
the Soviet negotiators and their experts 
had called for technical criteria limiting 
much more severely the number of 
events eligible for inspection. Under the 
new offer, however, only a few of all the 
suspicious events could actually be in­
spected. The quota would be decided on 
the basis of political negotiations rather 
than technical considerations. It seemed 
likely that the two Western nations and 
the U.S.S. R. would differ widely on an 
acceptable quota. 

A discussion of the experts' confer­
ence at Geneva appeared recently in 
Bulletin of the Atomic Scientists togeth­
er with complete transcripts of the con­
clusions of the technical groups from the 
three countries. An article by Jay Orear, 
a phYSicist at Cornell University, ap­
praised the disagreement among the 
experts as being due more to their pur­
poses than to technical uncertainties. 
The Soviet experts originally put forth 
inspection criteria that, according to 
U. S. estimates, would leave less than 
one natural earthquake per year eligible 
for inspection. They were trying, says 
Orear, "to find . . .  limitations that would 
safeguard their country from the thou­
sands of yearly on-site inspections our 
counb-y was talking about. " Although 
they eventually dropped this demand, 
the Soviet experts refused to accept the 
criteria offered by the West, which 
"made eligible almost any natural dis­
turbances that could be located. " 

Eugene Rabinowitch, editor of the 
Bulletin, sees some hope that a compro­
mise can be reached on the quota prob­
lem. It will require a reduction of Soviet 
suspicions that inspections would in fact 
be espionage expeditions, and a willing­
ness on the part of the West to be satis­
fied with a small chance of catching a 

violation; "say, one chance in 50. " In any 
case, urges Rabinowitch, there should be 
more information on the degree of risk 
represented by clandestine testing. 
"American public opinion, . . .  not to 
speak of American political leadership, 
. . .  should be given some sober authori­
tative information on the possible impor­
tance of further tests, instead of vague 
hints that something terrible is likely to 
follow from clandestine Soviet testing, 
and something wonderful from our own 
resumption of tests. " 

While the conference continued, the 
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U. S. announced that it is starting to 
build two experimental seismic stations 
such as might be incorporated in a con­
trol network. One will conform to the 
specifications recommended for the 180-
station network proposed by an earlier 
conference of experts in 1958. This one 
is located in "the central part of the 
U. S." and is expected to be ready this 
summer. The second, which will take 
longer to build, will include some of 
the refinements suggested last year by 
the U. S. Panel on Seismic Improvement 
headed by Lloyd V. Berkner. 

Cooperative Science 

The International Council of Scientific 
Unions, which cosponsored the In­

ternational Geophysical Year, has put in 
motion several new ventures in collabo­
rative research. It has created a Steering 
Committee for Cooperation in Ge<?phys­
ics and Related Sciences, to be known as 
CIG (from Comite International de 
Geophysique), headed by the Soviet 
geophysicist V. Beloussov. As its first task 
the committee is organizing a world 
magnetic survey to measure the intensity 
and direction of the earth's magnetic 
field at points over the entire surface of 
the earth. The survey will be carried out 
in 1962 and 1963, the next period of 
minimum solar activity, when there will 
be least interference from the magnetic 
storms accompanying eruptions on the 
surface of the sun. 

A second enterprise for 1962 and 
1963 will be an investigation of the 
physical oceanography, marine biology 
and meteorology of the least known of 
oceans: the Indian Ocean. The oceano­
graphic study will be directed by an­
other ICSU body, a Special Committee 
for Oceanographic Research under the 
chairmanship of Roger Revelle of the 
Scripps Institution of Oceanography. 

A third ICSU-sponsored body, the In­
ternational Committee on Space Re­
search (COSPAR), is also now ready for 
business. Disagreement over the compo­
sition of its governing body had delayed 
this committee's formal inauguration. Un­
der a compromise accepted by the ICSU 
decisions of the space committee will be 
subject to ratification by a two-thirds 
vote of an inner group consisting of 
COSPAR's chairman-currently H. C. 
van de Hulst of the Netherlands-plus 

Explore new areas 
at IBM in design 
and developrnent 
of se1niconductors 
Many new designs in IBM circuits 
and systems require the latest ad­
vances in the semiconductor field. 
The program includes theoretical 
and experimental studies in the 
most advanced semiconductor de­
vices and technology. An example of 
an original IBM development is the 
NPN high-speed drift transistor for 
logical switching and high-power 
core driving. These programs are 
opening up new opportunities for 
high-level professional people. Re­
lated areas where opportunities 
exist include: applied mathematics 
and statistics, circuit research, 
logic, cryogenics, optics, phosphors, 
magnetics, microwaves, and theory 
of solid state. 

A career with IBM offers advance­
ment opportunities and rewards. 
You will enjoy professional free­
dom, comprehensive education 
programs, and the assistance of 
specialists of diverse disciplines. 
Working independently or as a 

member of a small team, your con­
tributions are quickly recognized. 
This is a unique opportunity for a 

career w�th a company that has an 
outstanding growth record. 

QUALIFICATIONS: B.S., M.S., or 
Ph.D. in one of the physical sciences 
-and proven ability in the field of 
semiconductors. 

For details, write, outlining 
background and interests, to: 
Manager of Technical Employment 

IBM Corporation, Dept. 659P1 
590 Madison Avenue 

New York 22, N. Y. 

IBM 
INTE�N�TIONAl BUSINESS MACHINES CORPORATION 
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Investigate Hydro-Aire Research, 

Design, Engineering, Development, 

Production and Testing 

Capability in Support of 

Your Projects in Aircraft, 

Missiles, Missile Support, 

. and Electronics. 

If yoU1' p1'oject involves the 
design and development of e 

reliable control system, 

sub-system, 01'. related 

components-on the ground, 

in the ai1', or in space­

Hydro-Ai1'e engineers 

can help you. 

For over seventeen years, 

thousands of Hydro-Aire 

control systems have 

demonstrated reliability and 
trouble free operation, due 
largely to careful Hydro-Aire 

design engineering, 

environmental testing 

and manufacturing 

quality contro!. 

FACILITIES 
Hydro-Aire administrative, 
engineering, testing and pro­
d u cti on facilities are all 

located at Burbank, in a mod­
ern eleven acre plant. Sales 

engineers are located in key 

centers throughout the U�S. 
The vast facilities and re­

sources of Crane Co., Hydro­

Aire's parent company, are 

also immediately available for 

any Hydro-Aire project. 

WRITE FOR BROCHURE 

Order your copy of Hydro­

Aire 's colorful, descriptive 

fac ilities booklet. On your 

letterhead, please. 

ENGINEERS 

Interesting opportunities are 

available. Write or call Mr. 

Douglas Nickerson, Chief En­

gineer,3000 Winona Avenue, 

Burbank. 

* 

Investigate these examples 

of Hydro-Aire capability 

Fuel and/or hydraulic systems and 

sub-systems 

Hydraulic motors, actuators, pumps, air 
turbines, regulators and con trols 

Pneumatic and hydraulic valves and 
regulating devices 

Linear actuators 

Rotary actuators, including high 

temperature 

Electro-mechanical actuators for radar 

and other applications 

Pneumatic and hydraulic high temperature 

valves and pressure regUlators 

Complete nitrogen systems, including the 
bottle for missile launchers 

Solenoids, 1000° to 1200°F 
Electric motors, 1000°F 
Load or pressure sensitive control systems 

Control systems for rotating machinery 

Automatic braking systems for aircraft 

Electric flight control systems 

Ground support equipment for missiles 

and missile launchers 

Temperature control systems 

Equipmcnt for high pressure, high 

temperature applications 

Direct operation valves to replace pilot 

operated valves 

Transistorized control boxes 

Electrical test and checkout equipment 

Rocket propulsion systems equipment 

Magnetic flutter dampeners and actuators 

Transistorized power supplies 

(DC-DC; DC-AC; AC-DC) 
Transistorized 3-phase voltage regUlators 

Inverters 

Converters 

Generators 

Time delay relays (solid state 

and conventional) 

Write for details 
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three delegates from Western bloc na­
tions and three from the Soviet bloc. 

Not with a Bang? 

When, where and how were the chem-
ical elements made? Speculation on 

such questions about the beginning of 
things necessarily rests on a slender 
foundation of fact. An important new 
piece of underpinning has been added 
recently by John H. Reynolds of the Uni­
versity of California, who discovered 
that the xenon gas trapped in a certain 
stony meteorite has an unusually high 
proportion of the isotope xenon 129 [see 
"Science and the Citizen, " February]. 
But, as often happens in this ReId, the 
same fact may be used to support dif­
ferent theories. 

Xenon 129 is the decay product of 
iodine 129, a radioactive element with 
a half-life of 17 million years, which 
llas long since disappeared from the 
solar system. Evidently some of it was 

still present when the meteorite was 
formed, and has decayed to xenon in 
that body. Assuming that the elements 
in the galaxy were all made simultane­
ously in one "big bang," and that iodine 
129 was originally as abundant as the 
stable isotope iodine 127, the time be­
tween the origin of the elements and the 
formation of the meteorite can be cal­
culated to have been 350 million years. 
Other evidence shows that meteorites 
are about 4.6 billion years old, so on this 
theory the elements must have been 
made 4.95 billion years ago, and the 
solar system must have appeared within 
the next 350 million years. 

Another theory holds that the ele­
ments in the galaxy were built up gradu­
ally by nuclear reactions in stars, over a 
period of billions of years before the for­
mation of the solar system. C. J. Wasser­
burg, William A. Fowler and Fred Hoyle 
of the California Institute of Technology 
have pointed out in Physical Review 
Letters that the xenon-129 evidence is 

INDIVIDUAL ANTIBODY MOLECULES have heen made visible for the first 

time in electron micrographs produced by Cecil E. Hall and his associates at the 

Massachusetts Institute of Technology. The micrograph reproduced here shows 

antibodies formed by a rabbit in response to an artificial antigen: a specially 

treated bovine gamma globulin. The micrograph was made at a magnification 

of 15,000 diameters and is reproduced at 200,000 diameters. According to the 

M.I.T. workers, the most striking feature of this and similar electron micrographs 

is the asymmetry and variation in size of individual antibody molecules of a sin· 

gle immunological type (i.e., that react with a single antigen). Physical and 

chemical studies had suggested that antibodies of a single type might occur in a 

range of sizes. Electron microscopy now confirms this. In the preparation of the 

micrographs the antibody molecnles were coated with metal. If allowance is 

made for the thickness of the metal, the antibody particles have an average length 

of 250 angstrom units (25 millionths of a millimeter) and an average diameter 

of 30 angstroms. Other micrographs indicate that antibodies bind antigen predomi. 

nantly at the ends of the antibody molecules and form short end·to-end chains. 

DIGITAL 
COMPUTER 
ENGINEERS ... 
Several senior staff engineering and senior 

electronic engineering opportunities have 

been created by the formation of a new 

Digital Systems Development Department. 

Assignments will include the evaluation of 

digital systems, covering the responsibility 

for development project design groups. im­

portant technical contributions will include 

development work on "NOR" Logic, Direct­

Coupled Transistorized Logic, and other 

techniques for future digital projects. 

Requirements include minimum BSEE or 
BS (Physics) with experience in digital 

systems design and computer check-out, 

and/or transistor circuit design. 

If you are a digital computer engineer with 

original ideas and the follow·through to 

make them work, write today, or send your 

resume in complete confidence to: 

Mr. C. J. Darrah GP LINK DIVISION , 
GENERAL PRECISION, IHe. 

c BINGHAMTON, NEW YORK 

PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 
GEARS ' SHAFTS' COLLARS· CLUTCHES· 
BEARINGS' COUPLINGS· DIFFERENTIALS 

• SPEED REDUCERS and many other Pre­

cision Engineered Parts 
& Components. 

Send For Your 
Copy Today. 

. rPll© DESIGN CORP. 
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also consistent with this point of view. 
According to their calculations the abun­
dance of the isotope in the meteorite can 
be explained by assuming an element­
building period of 10 billion years before 
the solar system condensed out of galac­
tic gas and dust, and a further interval of 
200 million years until the formation of 
the meteorite. Iodine 129 was presum­
ably made during all of the long pe­
riod, but most of it would have decayed 
by the time the solar system began to 
form, and only the amount produced in 
the preceding 20 million years or so 
would be represented in the matter that 
eventually went into the meteorite. 

In the light of Reynolds's discovery a 
big-bang creation of the elements could 
have occurred no more than about five 
billion years ago. Yet many objects in 
the galaxy appear to be substantially 
older. Hence some cosmologists feel that 
the xenon-129 measurement delivers the 
coup de grace to this theory. Whether 
the universe as a whole was born with 
a big bang that occurred much earlier 
and produced only hydrogen and a few 
other light elements, or whether there 
was no moment of creation, is still an 
open question. 

Cold Virus at Last? 

;\fter 13 years of trying, C. H. Andrewes 
11- and his fellow common-cold investi­
gators in Great Britain may have trapped 
the virus or viruses responsible for the 
common cold in a tissue-culture tube. If 
the virus they have isolated is indeed the 
source of the common cold, then they 
have also found a means of studying it 
without need for human volunteers. 

Once before, in 1953, the British 
group succeeded in culturing an agent 
that induced colds in volunteers. But it 
soon lost its infective power, and at­
tempts to repeat the experiment failed. 
The investigators then set out to modify 
standard tissue-culture procedures. They 
have now been able to cultivate agents 
obtained from three individuals with 
"wild" colds, and the material continues 
to produce colds in volunteers after as 
many as eight tissue-culture passages. 

In the new technique the cold viruses 
are grown in embryonic human-kidney 
tissue at a temperature of 33 degrees 
centigrade, three or four degrees lower 
than is usual in virus culture, and in a 

nutrient medium slightly more acid than 
customary. The discovery that a more 
acid medium is helpful came about ac­
cidentally, when new batches of nutrient 
medium, which chanced to contain .09 
per cent sodium bicarbonate in place of 
the . 16 per cent of previous lots, were 
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"RIQAP" (Reduced Inspection Qual­
ity Assurance Plan) is the highest 

honor the U.S. Army Signal Corps can 

bestow upon a manufacturer. It aids in 

placing upon equipment the coveted 

stamp of reliability, because it demands 

the best and most advanced quality 

control methods and test procedures. 

When the AN/TPA-3 ground decoder, 

designed and built by Packard Bell 

Electronics, is called upon to perform 

its classified function, there will be no. 

doubt about its performance. It was 

"RIQAP"-b u i lt.* An d "RIQAP" 

assures reliability at low cost. 

""The completeness of the manufacturing 

process and quality controls, the supporting 

inspection records, and the quality of your 

end pro duct have enabled us to adopt a 

reduced inspection plan:' 

ELMER L. LITTELL, Brigadier General. 

USA, Commanding, U.S. Army 

Signal Supply Agency 

"Engineering Beyond The Expected"-With Quality Control to Match 

TECHNICAL PRODUCTS DIVISION @1\.'5.59 

12333 W. OLYMPIC BLVD . •  LOS ANGELES 64, CALIFORNIA • BRadshaw 2·6141 
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Looking for new ideas 
in radiation shielding? 

Maybe some of our latest developments in the field of high density metals can 
offer interesting ways to tackle problems of getting a lot of radiation shielding 
into limited space. In portable reactors, for instance. Or isotope containers. 
Or in vessels or conduits for "hot" materials. 

For shielding gamma radiation, Mallory 1000 ... a powder metallurgy alloy 
of tungsten ... has about 70% the tenth-layer thickness of lead, and about 
17 % that of concrete. We can supply it in machineable formed shapes. If you 
require a formable high density material we suggest Mallory 3000. If you'd 
prefer a shielding material that can be poured into cavities or in annular 
spaces in concentric tubing, we can supply Mallory 1000 or Mallory 2000 
in spheres of either random or selected sizes down to Yt6" diameter. 

For neutron shielding, we can incorporate boron in any of the Mallory high 
density materials ... with results that may interest you. 

We'll welcome the opportunity to cooperate on shielding materials. For a start, 
write to us about your problem. 
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Mallory Metallurgical Company 
Indianapolis 6, Indiana 

a division of 

used for the tissue cultures. In this me­
dium the cells of the kidney tissue began 
to degenerate two to seven days after 
inoculation with virus. Two strains of 
the cold virus also exhibited visible 
cytopathic effects on monkey-kidney tis­
sue. This cell destruction can be utilized 
to show the presence of virus without 
recourse to human volunte�rs. 

Andrewes and his colleagues also 
found that their viruses interfere with 
the multiplication of a number of other 
viruses in tissue culture. This interfer­
ence phenomenon can likewise be used 
to show the presence of cold virus. 

New AEC Commissioner 

Robert E. Wilson, former chairman of 
the board of the Standard Oil Com­

pany (Indiana), has been nominated to 
I the Atomic Energy Commission to fill the 

vacancy left by the death last August 
d Harold S. Vance. If the nomination is 
confirmed by the Senate, Wilson will 
serve the four months remaining in 
Vance's term, plus a five-year term of 
his own. A member of the AEC's general 
advisory committee since 1947, Wilson 
is a chemical engineer by training. The 
other four commissioners are: John A. 
McCone (chairman), John S. Graham, 
John F. Floberg and John H. Williams. 

New Radiation Detector 

The first solid-state device that meas­
ures the number and energy of radia­

tion particles has been produced after 
several years of work by laboratories in 
the U. S. and Canada. The new instru­
ment, a modified junction diode or "P-N 
junction," is small, inexpensive, extreme­
ly sensitive and stable and operates on 
very low power. For many purposes it 
will replace ionization chambers and 
other large and far more costly counters. 
It already counts alpha particles, pro­
tons and larger charged particles, and 
is being refined to work with electrons, 
neutrons and possibly gamma rays. 

One version consists of a thin wafer 
of pure silicon with some atoms of phos­
phorus diffused into one surface to pro­
vide extra electrons that conduct elec­
tricity in an "N" (negative) region. The 
remainder of the wafer is a "P " (posi­
tive) region, in which the conductors 
are mobile "holes" (missing electrons). 
A positive voltage applied to the N side 
attracts the excess electrons, and a nega­
tive voltage on the P side attracts holes, 
so that between the two regions is a 
"depletion layer" containing neither 
holes nor excess electrons. 

When an energetic particle enters the 
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SIGNIFICANT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM BRUSH 

Lighter than aluminum. More rigid than steel. A . high melting point 
material. Beryllium is all of these things. Yet, not too many years ago, 
its use was somewhat restricted by lack of suitable joining methods. 
Now Brush engineers can show you the way to fusion weld the metal. Non­
porous and crack-free beryllium weldments, with properties superior to 
the base metal at elevated temperatures, have been achieved. At this stage, 
virtually all of this welding has been done on a laboratory basis. When 
present development work is completed, we feel we'll be ready to try our 
wings, or help you try yours, on fusion welding this space age metal under 
production conditions. 

The development of fusion welding, mechanical fastening, brazing, solder­
ing, and other joining methods greatly broaden application horizons for 
beryllium. 

Can this metal, its oxide"its alloys or our expanding experience with these 
versatile materials solve a problem for you? Let us try. Contact us at 5209 
Euclid Avenue or ENdicott 1-5400 in Cleveland, Ohio. 

X-ray of a one-quarter inch 
thick beryllium waldmant •. 

THE BRUSH BERYLLIUM COMPANY 
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IF relays cause you as ITIuch trouble 

as they do us, you will undoubtedly 

welcome information on how to get rid 

of them. Probably the most fashionable 

way to do the switching is to use tran­

sistors, and as a public service Sigma 

hereby offers some application data 

toward this end. The Search for Truth 

must go on. 

Right off the bat, it must be con­

ceded that transistors have the edge in 

several important physical and dy­

namic respects. Relays are certainly 

bigger, heavier and slower, and their 

useful life is nowhere near infinite­

primarily because they all have such 

old-fashioned things as moving parts. 

Nor are relays immune to unlimited 

shock and vibration (the best we've 

been able to do on a subminiature 

type, and keep it operating within 

spec, is 30 g's to 5000 cycles) . 

There are a few things relays are 
good for,  however, even though 

"Relayized" may never sell a single 

product. For instance: signal circuits 

can be isolated from load circuits ... 

signal and load can be AC or DC, in 

HOW TO AVOID 
RELAYS* 

any combination ... circuits with high 

voltage to ground present no particular 

problems, and relatively high voltage 

loads can be handled ... inductive 

loads can be switched • off" when 

they're supposed to be off. On "sliding" 

or slowly varying signals, the right re­

lay will also provide clean, positive 

switching and it won't fry if the circuit 

develops a mild defect. It is true, if not 

grammatical, to say that a relay is many 

orders more "off" and several orders 

more " on" than those other things. 

The fact that relay contacts more 

closely approximate the ideal switch­

no ohms one way and infinite ohms 

the other way - also means something 

when dry circuit switching is your 

problem. With loads in the order of 0.1 
microwatt, a properly designed relay 

can provide dependable switching. 

Further, if 3-position, polar, center­

stable switching (Sigma "Form X") is 

needed, a single relay will do the job. 

And if the requirement calls for having 

the switch "remember" and stay in the 

last switched position, a polarized, 

magnetic latching relay (our" Form Z") 
will do just that without stand-by 

power. 

There are also such considerations 

as cost (where the switching is of the 

pinball machine variety) , stability as a 

function of temperature, and amplifica­
tion (10,000:1 load to signal ratio) , 

that lean in favor of relays. But the 

main ones are those mentioned earlier 

- which we're banking on to keep us 

from going bankrupt this year. In the 

meantime, we're looking around for 

diversification possibilities - something 

in a good solid state, perhaps. 

*or, Ten Easy Steps to Utopia. 

SIGMA INSTRUMENTS , INC. 

40 Pearl St., So. Braintree 85, Mass. 

An Affiliate of The Fisher-Pierce Co. (since 1939) 

crystal, it creates hole-electron pairs. If 
these are made in the N or P region, they 
immediately recombine. But when the 
particle is absorbed in the depletion lay­
er, the hole-electron pairs are swept 
apart by the applied voltage, producing 
an electric current whose strength is a 
measure of the particle energy. 

In the normal P-N junction the P and 
N regions are relatively thick, and the 
depletion layer is narrow and deep with­
in the material. The trick in the detector 
is to make the N region thin enough so 
that even slow particles can pass through 
it and reach the depletion layer, and, by 
means of a high voltage, to make the de­
pletion layer thick enough to absorb the 
fastest particles. 

Several versions 'of the diode detectors 
are being made on a small scale at the 
Hughes Aircraft Company of Los An­
geles, Oak Ridge National Laboratory, 
Bell Telephone Laboratories (in collabo­
ne'on with Brookhaven National Lab­
oratory), the University of California, 
Atomic Energy of Canada, Ltd. and 
R.C.A.-Victor of Canada. 

Big Press 

A hydraulic press of radically new de-
sign promises to extend the horizons 

of ultrahigh-pressure technology. Earlier 
presses, although capable of generating 
pressures great enough to convert graph­
ite to diamond (roughly two million 
pounds per square inch) could not han­
dle a sample much larger than the head 
of a match. The new device applies 
equally high pressures to a cylinder three 
inches long and half an inch in diameter. 

Developed by the Engineering Super­
vision Company of New York, the device 
uses existing techniques for transmitting 
extremely high pressure [see "Ultrahigh 
Pressures," by H. Tracy Hall; SCIENTI­
F1C AMERICAN, November, 1959]. Four 
rr:assive "anvils" compress the faces of a 
soft stone tetrahedron enclosing the 
specimen to be treated. But instead of 
driving the anvils together with separate 
cylinder-and-piston arrangements, the 
big press employs a hydraulic sphere. 
The anvils are enclosed in a six-inch­
thick rubber ball 25 inches in diameter, 
which in turn is enclosed in a steel sphere 
five inches thick and 36 inches in diam­
eter. Fluid pumped into the space be­
tween compresses the rubber, exerting a 
force of 2,500 tons on each of the anvils. 

According to its inventors, the most 
valuable applications of the new design 
lie in metallurgy, where ultrahigh pres­
sures should produce stronger, more 
heat-resistant materials. The present ma­
chine is big enough to work with metal-
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Ofacturing AMF ha; i�nutty.*You fan use: .. 

He built the 
strongest roof 
in the world 

This AMF engineer knows what it 
takes to shrug off megaton forces. 
He had to know because he designed 
the prototype atomic bomb shelter at 
Frenchman Flats, the only building 
that stood up under the force of the 
atomic bombs exploded there. Well, 
not altogether-a flange on the door 
was bent. 

In order to design the shelter, he 
had to calculate the effect of the ex­
plosion on materials and structures. 
He had to know how the shock was 
transmitted through the earth's 
crust and what effect it would have 
on the shelter-from beneath as well 
as from above. And, after the dust 
of calculating had settled, he had the 
very practical problem of expressing 
the results in steel and concrete. He 
did so, successfully. 

Single Command Concept 
The solution of this first-time-in­

history problem is one more example 
of AMF's resourcefulness. 

AMF people are organized in a 
single operational unit offering a 

wide range of engineering and pro­
duction capabilities. Its purpose: to 
accept assignments at any stage 
from eoncept through development, 
production, and service training ... 
and to complete them faster ... in 

• Ground Support Equipment 
• Weapon Systems 
• Undersea Warfare 
• Radar 
• Automatic Handling & Processing 
• Range Instrumentation 
• Space Environment Equipment 
• Nuclear Research & Development 

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

AMERICAN MACHINE & FOUNDRY COMPAt 
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TubeXperience in Action 

New reactive metals 

spark tubing development 

at Superior 

In the past two decades much progress 
has been made in the metallurgy of re­
active metal ores and the production of 
basic mill forms from them-first tita­
nium, then zirconium, and more recently 
columbium, tantalum and vanadium. 
Today they are commercially available 
in limited supply as metalworking 
materials. 

Superior began exploring the possibili­
ties of these metals for small-diameter 
tubing as early as 1944. It was the first 
mill to successfully cold draw titanium 
and zirconium into this form. The ex­
perience gained in processing this metal, 
coupled with the development of the 
eq uipment to handle it, has enabled us to 
produce tubing from the other reactive 
m etals with growing success. 

Last year Superior was in the position 
to announce availability of columbium, 
tantalum and vanadium tubing. Today 
this is being supplied in quantities for 
test and evaluation to many different 
organizations. Applications for it are 
limited to a great extent by high cost, 
yet each material has distinct advantages 

that make it a valuable asset in many 
different installations. 

Most promising of present and potential 
uses for columbium tubing are in the 
nuclear field. Here its low thermal 
neutron cross section ( 1.2 Barns) makes 
it ideal for fuel element cladding. Its 
excellent corrosion resistance to reactor 
coolants such as water, liquid metals, 
and molten salts is important, too. High 
strength retention at elevated tempera­
tures is an important factor in its use in 
the field of jet aircraft, rockets and 
missiles. However, its effective use for 
high-temperature applications is limited 
to 2000°F for short exposure and lOOO°F 
for long due to oxidation resistance. 

Applications for tantalum tubing utilize 
to great advantage its excellent cor­
rosion resistant properties. It has been 
fabricated into heat exchangers, con­
densers and coils for the chemical in­
dustry to handle chlorine, chlorides, 
hydrochloric and nitric acids. It has been 
used in the electronics field in applica­
tions requiring high melting point and 
low vapor pressure, combined with good 
emission and gettering properties. It has 
also been used for heating and cooling 
coils and for thermocouple sheathing 
in 25% chromic acid baths. 

Vanadium tubing has good potential as 
structural parts. This is due to its 
density of only 0.23 lb./cu. in. (com­
pared with .286 for Type 304 stainless 
steel), and a modulus of elasticity of 18-
19 x 1()6 psi. It is also a good material 
for nuclear applications where electrical 
resistivity is a factor. Its general cor­
rosion characteristics are such that it 
can be used effectively in the presence of 
almost all acids and alkalis. 

Superior is prepared to supply small­
diameter tubing in any of these materials 
for test and evaluation. Inquiries will be 
handled promptly without obligation 
and in strict confidence. Superior Tube 
Company, 2052 Germantown Ave., 
Norristown, Pa. 

S�e .... /� .... $pe 
The big name in small tubing 
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NORRISTOWN, PA. 
All analyses .010 in. to Ys in. OD-certain analyses in light walls up to 2Y2 in. OD 

West Coast: Pacific Tube Company, Los Angeles, California 

FIRST STEEL TUBE MILL IN THE WEST 

lurgists' test bars. A scaled-up version, 
now under development, should be ca­
pable of exerting a force of 110,000 tons 
on a tetrahedron large enough to en­
close a gas-turbine blade. 

The Sound of Cocktails 

A major theory of group-dynamical 
psycho biophysics has been over­

thrown. Some months ago William R. 
MacLean of the Polytechnic Institute of 
Brooklyn predicted that the noise level 
at cocktail parties should show a discon­
tinuity at a critical point, when speech 
at a conversational level is rendered un­
intelligible by the arrival of additional 
guests. At that point each speaker 
would raise his voice, leading to an 
abrupt increase in noise level. The pre­
diction has now been put to the test by 
R. F. Legget and T. D. Northwood of 
the National Research Council of Can­
ada. Their verdict: Not true. Large par­
ties, at least, simply become noisier and 
noisier, up to a peak of 80 to 85 decibels, 
a level "not quite high enough to cause 
permanent impairment of hearing." 

Legget and Northwood obtained 
recordings and other data from eight 
parties given by professional societies 
and other organizations. The number of 
guests at each ranged between 100 and 
700. Seven were cocktail parties. The 
exception was a coffee party. "It was 
exceptional also," they write in The 
Journal of the Acoustical Society of 
America, "in that the participants were 
librarians, i.e., a group dedicated profes­
sionally to maintaining quiet .... De­
spite this handicap, they managed to 
hold their own with the true cocktail par­
ty-goers." 

Data from one party had to be dis­
carded because of the observer's too 
liberal interpretation of instructions "not 
to allow observational work to interfere 
unduly with other duties." Records from 
the other seven gatherings revealed a 
nearly straight-line increase in noise as 
guests arrived, with no evidence of an 
abrupt transition. The peak noise-level 
was reached about 25 minutes after the 
parties started, and thereafter, in the 
'"mature stage," remained constant. 

The two specialists in alcoholic acous­
tics concede that the MacLean effect 
might occur at parties with 10 to 50 
guests. Such parties, however, are not 
commonly run by professional societies. 
The experimenters reluctantly aban­
doned a scheme to set up artificial parties 
in this range, because "even assuming 
that guests and observers would donate 
their services, there is a residual financial 
problem that has not yet been solved." 

© 1960 SCIENTIFIC AMERICAN, INC



Behold the gated oscillator - genus electronics; natural habitat circuits, 

esp. digital volt-ohm meters e Strange names abound in the work-world where physical, 

chemical and biological phenomena are converted into electrical signals. Uncommon 

names, in common use whenever there's 

need to present hitherto unknown or hard-

to-come-by information e An amino acid 

analyzer probes a protein for pharmaceu­

tical research ... an infrared spectrophoto­

meter ferrets out the complex nature of an 

organ ic com pound ... a gas ch romatograph 

analyzes and records the composition of a 

process stream ... a data handling system 

monitors a nuclear reactor" They're all of 

a Ii neage long disti ngu ished for exempla ry 
\ 

performance, even under most difficult conditions. And regardless of their sometimes 

numbing nomenclature, all uphold the family tradition - behaving perfectly in any 

scientific circumstancee The family name is Beckman. 

BECKMAN INSTRUM ENTS, INC. FU LLERTON. CALI FORN IA I ELECTRON IC COM PONENTS. I NSTRU M ENTS. SYSTEMS .. FOR ANALYSIS. M EASU REM ENT. 

COUNTI NG AN D CONTROL I DIVISIONS: BER KELEY· HEll POT· I NTERNATIONAL' SCI ENTIFIC & PROCESS I NSTRU M ENTS • SPECIAL PROJ ECTS • SPI NCO· 

SYSTEMS I SU BSI DIARI ES: SHOCKLEY TRANSISTOR CORp· BECKMAN I NSTRU MENTS. G.m.b.H., GERMANY· BECKMAN I NSTRU M ENTS, L TO., SCOTLAN D 
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SAMPLE OF SAND from beach at Coney Island in New York City 
includes old grains that sbow typical rounding. This sand is 
principally quartz and originated in granite rock. To develop 
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such a degree of rounding the grains may have been turned over 
in several cycles of erosion and consolidated more than once in 
sandstone over a period of some hundreds of millions of years. 
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SAND 

The geologist defines it as particles of rock bet,veen .05 

and two millimeters in diameter. The shape of sand grains, 

transported by water and wind, is a clue to their history 

Sand is one of the most common ma­
terials on the surface of the con­
tinents. Most apparent to the eye 

Ull dunes and beaches, it also makes up 
the bulk of river deposits, although it is 
often masked by clay or vegetation. In­
deed, the prevalence of sand distin­
guishes the deposits accumulating on the 
continents from the materials on the 
ocean bottom. Beds of sand occur here 
and there on the deep-ocean floor, but 
clay is the dominant marine sediment. 
Both sand and clay are end products of 
the erosion of continental rock. The little 
grains of sand have been somewhat neg­
lected by geology until recent year�, al­
though they have played a mighty role 
in the history of the continents. 

The very abundance of sand has made 
it so familiar that even geologists did 
not stop to ask how it came to occupy 
its place in the landscape and why it 
tends to accumulate in masses of uni­
form grain size. Since the vast majority 
of the ancient sedimentary rocks exposed 
on the continents are of marine origin, 
most of them are shales (from clay) and 
limestones (chiefly from the skeletons 
of marine organisms); less than 25 per 
cent are sandstones (from sand). It also 
happens that sandstones contain fewer 
fossils than do shales and limestones. 
Shales and limestones therefore held 
greater interest in the days when geolo­
gists were concerned with general ques­
tions of the deformation of sedimentary 
rocks by mountain-building processes 
and sought to fix the age of the rocks by 
study of fossils enclosed in them. Now 
that the advance into the unknown has 
broadened, geologists are realizing that 
sandstones and sands hold the key to 
many questions still unanswered. The 
mineral composition of sands can reveal 
their source; the surface markings and 
lamination of sandstone beds show how 

by Ph. H. Kuenen 

the sediments were laid down and indi­
cate the direction from which the sand 
came; sand-grain sizes and shapes tell 
whether the sandstone originated with 
sand in a river, on a beach or in a dune, 
and thus yield invaluable information 
about ancient geography. 

Scientific interest in sands and sand­
stones has been encouraged by powerful 
economic motives. In glass, concrete, 
brick and building stone, these materials 
are the major commodities of the con­
struction industry. Sands in the subsoil 
are the principal reservoirs of ground 
water, the supply of which is now so 
hard-pressed by the needs of urban 
civilization. Geological inquiry into sand 
derives its most compelling motivation, 
however, from the petroleum industry, 
which has been encountering increasing 
difficulty in prospecting for new sources 
of oil and gas. 

All the obvious places to drill for oil 
have long ago been drilled. They were 
indicated by the grander features of 
geologic structure: domes and major 
cracks and folds in stratified rock. Geol­
ogists are still discovering rich accumu­
lations of oil, but in hoard chambers 
cunningly secreted by nature-in geolog­
ically little-disturbed areas where sub­
terranean sand strata pass laterally into 
impervious clay-rich beds that keep the 
oil from escaping. Without the help of 
disturbed strata, the geologist must at­
tempt to locate sandy channel-bottoms, 
beach ridges, reefs and similar forma­
tions deep underground. The more he 
can deduce from samples brought up by 
the first test well, the greater the chance 
of successfully reconstructing the ancient 
geographic situation and so of drilling 
the next well at a productive spot. It is 
like sitting on a roof with a long drink­
ing straw tipped with a drilling bit and 
trying to find milk bottles in the build-

ing below. In effect the geologist must 
learn to interpret the various corings of 
wood, concrete, household utensils and 
so on in order to find the kitchen and 
then locate the refrigerator. 

The term sand, as geologists use it, 
means an accumulation of sedimentary 
particles having a diameter between .05 
and two millimeters. Larger grains are 
classified as gravel and finer ones as 
silt (.05 to .004 mm.) or as clay (less 
than .004 mm.). Sands may come from 
rocks composed of calcium carbonate 
(limestone), aluminum silicate (feld­
spar) or silicon dioxide (quartz). Quartz 
is so much the most abundant mineral 
occurring in sand grains that the term 
"sand" is usually taken to mean quartz 
sand. 

The Origin of Sand 

Ultimately all sedimentary materials 
stem from rocks that have formed from 
the cooling of hot molten matter: either 
lava or' volcanic ash, or rocks such as 
gneiss and granite that have consoli­
dated at great depths in the earth's crust. 
Mechanical breakdown produces boul­
ders and pebbles. Chemical breakdown 
(mainly of feldspar) yields clay; chemi­
cal action also puts elements such as 
calcium and silicon into solution and so 
carries them over into the life cycles of 
plants and animals. 

What then is the origin of sand? It is 
common knowledge that boulders and 
cobbles occur in mountainous areas, that 
gravels prevail downstream where the 
rivers descend from the mountains to 
broader valleys, and that sand and clay 
comprise the usual water-borne deposits 
in the lower reaches of the river. The 
first deduction from these observations 
is tempting: Mechanical wear during 
the long journey from source to mouth 
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SOURCE AND DISTRIBUTION OF SAND are shown in this 
imaginary landscape. The weathering of rock in the mountains 
and uplands (left) constantly renews the supply of angular grains. 

These are carried by mountain streams to a river in the lowlands 
(center). The river, in its meandering over the years, distributes 
the sand broadly over the floor of the valley, where it may be 

whittles down pebbles to sand sizes, the 
"chips" being silt and clay. But quanti­
tative considerations quickly rule out 
this conclusion. The ratio between the 
volume of the pebble and that of the 
grain of sand which is supposed to be 
whittled out of it is such that to produce 
a drinking glass full of sand would re­
quire a shipload of gravel. The real rea­
son for the downstream decrease in grain 
size is selective transport. As the river 
descends to gentler slopes and out onto 
the valley floor, the gradual slackening 
of current velocity allows progressively 
smaller particles to fall by the way, until 
at the mouth only the finest sand, silt 
and clay are carried into the sea. 

The angularity of most sand grains 
furnishes additional proof that they are 
not abraded pebbles. Sand must there­
fore have a different origin, and the true 
source is not far to seek. Chemical and 
mechanical disintegration constantly 
eat away at gneiss and granite rocks 
and at the boulders and pebbles of these 
rocks. In localities where there is strong 
chemical "weathering," promoted by 
vegetation and heavy rains, clay and 
quartz grains are the chief products. 
Where mechanical disintegration pre­
dominates, in deserts and alpine regions, 
feldspar and quartz grains come to life. 
Examination of the soil covering moun­
tain uplands and of the screes-the rub-

ble-littered zones-at the foot of steep 
peaks shows sand particles in abundance. 

Transportation by Water 

After birth the grains are washed 
downhill and eventually find their way 
onto the stream bed. The journey down 
a mountain stream can happen relatively 
quickly if the particle is taken into sus­
pension. But this is unusual for a grain 
of sand. The sand grains tend to roll 
and bounce along the bottom for a short 
distance and then to accumulate in an 
eddying pool or in the lee of a boulder. 
Years may pass before the next lap in the 
seaward journey. At last the grain leaves 

ANGULAR sand grains are relatively young. In this state the grain breaks free from the parent 
rock and starts out on its long journey by river, from the mountains to the continental lowlands. 

POLISHED sand grains occur in 
river beds. Chemical action in water 

9 6  
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concealed by overlying deposits of silty clays and vegetation. In 
the process the angular grains be,>;in to be slightly rounded. Where 
the sand is exposed on deserts, wind abrasion rounds the grains 

much more completely. Because sand grains are too heavy to be 
carried by the winds or transported by the rivers beyond tidal 
estuaries into the sea (right), sand accumulates on the continents. 

the mountains by way of a river. In the 
slower-moving water the same spasmodic 
kind of travel continues, but at a slacker 
pace. The grain may also be washed 
over the bank of the river and deposited 
on its flood plain; in that case a much 
longer period of rest may ensue. Not un­
til the river alters its course, gradually 
reworking its own deposits, will it suc­
ceed in recapturing such a grain and set 
it going again on its downstream course. 
A medium-sized river will take some­
thing on the order of a million years to 
move its sandy deposits a distance of 
100 miles downstream. 

Few important rivers appear to be 
carrying sand out into the sea, and only 

silt and clay reach the oceans in large 
quantities. A short time ago, geologically 
speaking, when the glaciers covered the 
continents, and sea level was some 300 
feet lower than it is now, the rivers ran 
more briskly into the sea. Then they car­
ried some sand offshore. As the ice 
melted, however, and the sea returned 
to a more normal level, the slackening of 
current in the tidal estuaries of most of 
the world's great rivers caused sand to 
be deposited well inshore. 

Along the coast and on the continen­
tal shelf several processes keep the sand 
in motion. The inflow and backwash of 
breakers sweep sand up and down the 
beach. Where the waves meet the beach 

at an angle, they carry the grains in a 
zigzag path downwind, as the water al­
ternately rushes obliquely up the beach 
and runs back down the slope. Wave 
commotion dies out rapidly with depth, 
and even storm waves do not stir a sandy 
bottom at depths greater than 100 feet. 
Tidal currents shift the sand back and. 
forth in a more leisurely rhythm. Ocean 
currents do not usually brush the bottom 
with sufficient force to carry sand. How­
ever, waves frequently join forces with 
currents, and their combined action may 
set the grains in motion at depths of 150 
feet. There are some sandy areas on the 
sea floor at greater depths, but only be­
cause clay is being washed away from 

imparts polish, but grains were prob­
ably rounded first by abrasion on land. 

FROSTED sand grains are typical of deserts. Grains are rounded by abrasion in wind transport 
and subsequently frosted by the chemical action that attends wetting by dew and drying by suD. 
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TURBIDITY CURRENT explains the OCCUlTence of sand deposits on the deep·sea boltom 
and the origin of sandstone beds in ancient marine basins now upraised on the surfaces 
of the continents. In these diagrams the vertical scale is exaggerated about 100 times. Sand 
and silt accumulating in submarine canyon at the edge of the continental shelf (top draw· 
ing) become unstable and start to slide. As the material slides, it churns up and creates a 

layer of water with a higher density than clear ocean water; the momentum of this turbid 
mass carries the sand long distances across the ocean floor (middle drawing). Successive 
deposits of sand, covered by layers of slowly accumulating silt, consolidate to form sand· 
stone strata separated by layers of clay and shale consolidated from silt (bottom drawing). 
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these areas anu not because new sand 
is being supplied to them. The sand on 
the deeper stretches of the continental 
shelf, at a depth of perhaps 300 feet, 
must have been laid down when the seas 
were shallower. 

Turbidity Currents 

It is not surprising that geologists 
came to look upon sandstone beds any­
where among the rocks as indicative of 
quite shallow waters at the time when 
the beds were laid down. This axiom led 
to difficulties, because there are many 
thick sequences of sedimentary rock in 
which sand layers alternate with clay. In 
some cases these sediments contain fos­
sils of animals that lived on the sea bot­
tom in depths up to several thousand 
feet. This apparent contradiction has 
been resolved by the discovery of "tur­
bidity currents." Where sand and clay 
accumulate on steep submarine slopes, 
the deposit tends to become unstable. It 
starts to slide and churns up to form a 

body of turbid water with a density high­
er than that of the clear ocean. This 
"heavy water" then accelerates down the 
submarine slope; with sufficient velocity 
to keep its load in suspension, it con­
tinues Bowing out across the ocean floor. 
Such turbidity currents can carry along 
many tons of material and run for long 
distances over favorable stretches of 
submarine topography. R. A. Daly of 
Harvard University suggested 25 years 
ago that this mechanism might explain 
the excavation of great submarine val­
leys running down the continental slope. 
In our laboratory at the University of 
Groningen in Holland we have con­
ducted experimental investigations that 
support Daly's hypothesis and show that 
turbidity currents have remarkable ef­
ficiency as agents of erosion. Our experi­
ments have also indicated that the 
process will lay down sandy beds in 
which the size of the grains decreases 
gradually from the bottom of the layer 
upward, with clay at the top. Oceanog­
raphers have since found many sand 
beds far out in the deep ocean that show 
this "graded bedding." They have also 
deduced several contemporary instances 
of the Bow of turbidity currents, recorded 
by the breaking of submarine telegraph 
cables [see "The Origin of Submarine 
Canyons," by Bruce C. Heezen; SCI­
ENTIFIC AMERICAN, August, 1956]. 

As a turbidity current spreads over 
the horizontal floor of the ocean, it must 
lose velocity and begin to deposit its 
burden. The driving force then disap­
pears and the Bow peters out. Examina-
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tion of ancient rock-series has disdosed 
many formations built up by graded 
bedding. The graded sandstone beds al­
ternate with beds of shale, showing that 
the ancient seas accumulated thick lay­
ers of clay and fine silt over the centuries 
and that once in perhaps 10,000 years a 
turbidity current came along, leaving a 
graded bed in its wake. The sandstones 
record much other evidence of the dy­
namics of turbidity currents. The churn­
ing Row of the current tended to dig out 
rounded trenches in the bottom mud; 
where it dragged along sticks and shells 
it drew grooves in the soft ocean Roor. 
These markings were filled with sand 
dropping from the current. The result­
ing casts now stand forth on the lower 
surface of a sandstone bed from which 
the underlying shale has been removed. 
The laminations of the graded sand­
grains within the sandstone show undu­
lating patterns that preserve the ripples 
of the current; here and there the lamina­
tions are bent and twisted in a fantastic 
manner by pressure changes that at­
tended the sudden deposition of the sand. 

These and many other features bear 
testimony to the magnitude of the dis­
turbance that accompanies a turbidity 
current in its invasion of the quiet ocean 
depths. Moreover, they record accurate­
ly the direction in which the current 
Rowed and hence indicate the direction 
of the bottom slope. Such information 
makes it possible to reconstruct the to­
pography of marine basins long since up­
lifted on the surfaces of the continents. 
In several cases ancient currents have 
wended their way for more than 100 
miles down the long axis of former deep­
sea troughs; recurrent Rows have built 
up alternating sand and clay beds to 
depths as great as 6,000 feet. The study 
of such beds is barely 10 years old, but it 
has thrown interesting and unexpected 
light on the geography and history of an­
cient marine basins. 

Transportation by Wind 

Wind as well as water plays a part in 
transporting and distributing sand, silt 
and clay over the earth. Wherever the 

cover of vegetation is meager or absent, 
the wind sets sand in motion. The grains 
bounce and wriggle along, the bulk of 
them not rising above knee height, but a 
few are high enough to sting the face if 
one stands in a strong wind. Silt and clay, 
on the other hand, will go into suspension 
in the wind and will travel for long dis­
tances above the ground. This explains 
the occurrence of the silty deposit called 
loess in the surroundings of certain des­
erts and formerly glaciated areas. The 
wind thus serves as an excellent sorting 
agent, separating silt, sand and pebbles 
from one another and leaving them at 
large distances apart. Desert sands, how­
ever, tend to have a wide assortment of 
grain sizes. Rivers sift their sediments 
more selectively, depositing grains of 
similar size close together. 

The shapes of sand grains have much 
to tell about their individual biographies. 
A sand grain in the newborn state is ir­
regular and angular in shape. When 
viewed with a pocket lens, however, 
many grains appear smoothly rounded. 
Roundness here does not mean spheric-

SANDSTONE STRATA alternating with shale reflect the action 
of turbidity currents (see drawings on opposite page) in ancient 

�a!'ine basin. In the centuries between the flow of such currents 
the silt and clay settling in the deep water laid down the shale. 
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DEEPLY CONTOURED SANDSTONE records the turbulence that 
attended the deposition of the sand from a turbidity current in 

RIPPLE MARKS on the top of a sandstone stratum show that 
the turbidity current which laid down the sand on an ancient sea 
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the soft silt and clay on the floor of an ancient sea. Such natural 
casts are often found to occur on the underside of sandstone strata. 

floor was flowing from right to left. Overlying mud, which consoli· 
dated into clay or shale, has weathered away, exposing sandstone. 
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ity, but the opposite of angularity; for 
example, a cylinder with hemispherical 
ends is said to be rounded. The differ­
ence between the young grain and the 
apparently old one warrants the conchl­
sion that abrasion has taken place in the 
course of transportation. Here is a clue 
to whether sand has been carried by 
wind or by water, an indicator of the 
age of sand and perhaps a record of the 
geological revolutions in which it has 
participated. 

The Rounding of Sand Grains 

Since the gravel in a stream bed shows 
progressive rounding downstream from 
the source, it has been thought that sand 
grains also are rounded by transport in 
running water. Surveys along river 
courses that showed the roundness of 
sand grains increasing slightly down­
stream seemed to support this deduction. 
Curiously enough, however, a decrease 
in roundness downstream was detected 
in some rivers. This could be explained 
by assuming that the angular grains are 
picked up more easily and so are carried 
more swiftly by the water. But it could 
just as well be argued that the more 
rounded grains roll more easily and so 
outstrip their angular competitors in the 
migration downstream. In either case 
the influence of selective transport 
seemed to overshadow any action by 
abrasion. 

Investigators accordingly turned to 
experiment. Almost a century ago the 
French geologist Gabriel Auguste Dau­
bree put sand and water in a revolving 
horizontal cylinder and found that the 
sand lost about .01 per cent of its weight 
per mile of travel. The grinding motion 
of a heap of sand churned through and 
through in this manner poorly imitates 
the bouncing and rolling movement of 
the separate grains in a running stream. 
Nevertheless several authors have re­
peated Daubree's experiment with minor 
variations and have obtained roughly 
the same measurement. 

Recently I have attempted to approxi­
mate the natural situation more closely 
by rolling test grains around a circular 
moat of concrete in a current propelled 
by a sort of churn. The concrete, as com­
pared to a loose bed of sand, does in­
crease the rate of abrasion, but only 
slightly. In order to eliminate the influ­
ence of variable shapes I employed spe­
cially prepared cubical grains. An ex­
tensive series of runs showed that larger 
grains in a fast current lose about .2 per 
cent of their mass per 100 miles of travel, 
and that medium-sized grains lose only 

GRADED SANDSTONE·BED reflects the sorting action of the turbidity current as it 
settled out its burden of sand on the bottom of an ancient sea. The largest and heaviest 
grains are at the bottom of the bed; the lightest and finest, at the top. Above sandstone 
is a layer of clay that accumulated over many years following sudden deposition of sand. 

GROOVES CUT IN SILT by the flow of a turbidity current across the bottom of an ancient 
marine basin are preserved in the undersurface of a sandstone stratum. Fine details in 
the pattern of the grooves show that the current flowed from left to right in this photograph. 

101 

© 1960 SCIENTIFIC AMERICAN, INC



SANDY RIVER-DEPOSITS created these sandstone strata_ The succession of strata shows 
that the river departed from and returned many times to the channel in which it laid down 
the sand. A wandering river thus reworks its deposits, spreading sand over the valley floor_ 

GRAVELLY RIVER-DEPOSIT is preserved in sandstone_ The intersection of strata and 
the varying angles at which they lie show that the river at times scoured away earlier de­
posits_ Differences in texture of the successive strata indicate changes in the rate at which 
the river flowed and in the character of the material it carried from one period to the next. 
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.01 per cent. This means that to round a 

.5-millimeter cube to a sphere, the par­
ticle would have to be rolled 50 times 
around the Equator. The first dulling of 
sharp angularity requires a 1- or 2-per­
cent loss and can happen in the first few 
hundred miles. But thereafter mechani­
cal abrasion of this kind has little effect 
on quartz sand with medium-sized grains. 
Experiments with feldspar showed that 
this mineral also possesses strong resis­
tance to abrasion in water. Even though 
feldspar is softer than quartz and cleaves 
more easily, it showed only twice as 
much loss. 

In the past it has often been claimed 
that the angularity of sand grains in an 
ancient rock is proof that the sand orig­
inated nearby. This contention is not 
upheld by the results of our experiment. 
Conversely it has been argued that a 
well-rounded grain must have had a long 
history. Abrasion in running water, how­
ever, could not in itself account for the 
roundness of even the most ancient grain 
of sand. 

Water has another effect upon the 
sand grain which must be considered in 
connection with rounding. While the 
grains of sand in deserts have opaque, 
heavily frosted surfaces, many river 
sands contain grains with glossy, highly 
polished surfaces. The polishing could 
not have been accomplished by abrasive 
action, for the indentations and crevices 
in a polished grain that are out of reach 
of abrasion show the same perfect sur­
face. It is possible to impart a polish of 
sorts to frosted grains by rolling them 
dry in a bottle, but the indentations in 
these grains remain opaque. It must 
therefore be concluded that river sands 
get their polish by chemical action. A 
crystal of alum that has been sandpa­
pered can be "polished" by immersion in 
a saturated solution; precipitation from 
the solution smooths out the roughened 
surface. If river waters are sufficiently 
saturated with silicon dioxide, it will 
precipitate in the same way on quartz; 
hence this mechanism can be postulated 
for the defrosting of sand grains. The op­
posite action-the dissolution of silicon 
dioxide from the roughened surface of 
sand grains in waters that are undersat­
urated with the oxide-has been sug­
gested as the mechanism for the round­
ing of sand grains. If such chemical ac­
tion were significant in rounding, then 
one would expect to find that the effect is 
most pronounced on the smallest grains 
because the surface of such a grain is 
largest in comparison to its volume. In­
spection shows that, on the contrary, 
in nearly all sands the smaller the grains, 
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ACTION OF WAVES ON BEACH causes some rounding of sand. 
Most of the abrasion occurs in the sballower reaches of the waves, 

BEACH·SAND DEPOSIT contains boulders and also some frag. 
ments of shells. Compared to shales and clays, however, sandstones 

where they carry sand up on the beach and wash it back again. At 
a depth of 50 feet the wave action scarcely disturbs the sand. 

are usually barren of fossils. This deposit formed on the shores 
of a Pleistocene marine basin, afterward raised above sea level. 
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ABRASION OF SAND by wind transport was studied by author 
in experiments employing cubes of quartz and limestone cut to 

various dimensions; the cubes are shown here together with natu­
ral irregular sand grains. The photographs indicate the abrasion 

the sharper their corners. It appears 
highly improbable that chemical action 
is the cause of more than a slight dulling 
of the sharpest angularity of quartz 
grains. 

Wind Abrasion 

The cause of roundness in sand grains 
must therefore be sought in some other 
mechanism. Perhaps the wind is the 
agent. Well-rounded grains are abun-

dant in deserts and dunes, and geologists 
have long suspected that transport by 
wind powerfully abrades the grains. 
This deduction is open to doubt, how­
ever, because it is also observed that 
the wind selectively sorts the better­
rounded grains from beach sands and 
carries them inland to coastal dunes. 

In a wind tunnel in our laboratory we 
have just completed an investigation that 
seems to offer a reliable answer. The 
wind picks up the sand grains from a 

moving belt, redepositing them down­
wind on the belt for another ride up­
wind. The movement of the grains as 
they bounce and roll over the deposit 
that is traveling up the belt closely ap­
proaches their natural behavior, and 
the distance they travel can be accu­
rately measured. By this means we have 
made the unexpected finding that trans­
port by wind causes quartz grains to lose 
100 to 1,000 times more mass than 
water transport causes them to lose over 

ROUNDING OF A SAND GRAIN is demonstrated by the round­
ing of an experimental quartz cube to a sphere. The rounding was 

accomplished in a wind tunnel. In the earlier stages of the process 
the sharp edges and corners of the cube are roughly chipped. As 
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and hence the rounding sustained after 20 miles of experimental 
transport in a wind tunnel (left) and after 40 miles (right). Com· 

parison of cubes with natural grains of equivalent roundness at 
each stage yields estimate of volume lost by the latter to abrasion. 

the same distance. Moreover, wind abra­
sion reduces quartz almost as rapidly as 
it does feldspar or limestone. Apparently 
the brittleness of quartz causes it to Hake 
off in the impact of a bouncing grain 
against a stationary one. On the other 
hand, we found that well-rounded and 
polished quartz-grains remain perfectly 
intact even after prolonged, violent wind 
action. It must be that they rebound elas­
tically, as billiard balls do. Cubes of 
quartz change gradually to perfect 

spheres. This demonstrates that abrasion 
takes equal effect in all planes of the 
crystal. The oblong shape of most 
rounded natural grains may therefore be 
attributed to the original irregular shape 
of the particle. 

In tests of samples containing a wide 
assortment of grain sizes we found that 
the smaller the particle the less abrasion 
it suffers. Particles with a diameter of 
.1 mm. or less show no abrasion at all. 
Apparently these smaller particles 

cannot hit one another with sufficient 
momentum to cause a crack in a grain. 
In m�xed samples the minimum size of 
a grain showing loss goes down to .05 
mm.; a larger grain landing on a smaller 
one can apparently chip a piece from 
it. But .05 mm. appears to be the bot­
tom limit of the size of particles that 
show abrasion. The fragments chipped 
from the grains form an impalpable dust. 
In nature the wind carries this finer ma­
terial outside the unvegetated desert and 

the cube hecomes rounded, however, the rate of abrasion slows 
°down. In its final spherical form (right) the cube has lost more 

than half its mass. Rounding of a cube to a sphere indicates that 
rounded oblong natural grains started as angular oblong grains. 
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MARINE-WORM BURROWS are preserved in the undersurface of this sandstone bed_ The 
sandstone also records grooves cut in the soft ocean-bottom by flow of the turbidity current. 

dune areas, leaving sand-sized grains 
behind. 

Curiously one does not find the tiny 
sand chips in the loess laid down by an­
cient dust storms. The bulk of loess is 
'yartz, but its particles fall outside the 
size range produced by wind action on 
sand. This shows that loess must have 
been formed in some other way, perhaps 
by the crumbling of cracked grains and 
the weathering of fine-grained rock. 

In the absence of evidence to the con­
trary it appears that wind is the prin­
cipal agent in the rounding of sand 
grains_ One way to check this conclusion 
is to make some round-number estimates 

that all sand grains have suffered; sec­
ond, the current rate of loss occurring in 
all deserts and sand dunes; and third, the 
yearly production of new angular grains. 
Such estimates would incidentally yield 
a rough measure of the age and hence 
the durability of sand grains. This in 
turn relates to the role that sand has 
played in maintaining the continents 
against the forces of erosion. 

Age and Durability 

In a preliminary approach to these es­
timates we made a chart of 16 shapes 
observed in cubes of different sizes that 

involving, first, the average abrasion loss had sustained known percentages of 
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AVCO 

108 

�. 

Avco sails und�r the polar ice cap with the Navy. Under the half light 

of the Arctic ice cap, the nuclear submarine S.S.(N) Skate completes a routine sub· 

merged cruise. Aboard the Skate, now as in its history·making journey in 1958, are 

amplifiers produced by Avco's Crosley Division. Designed to operate for 2000 hours or 

longer without failure, these midget amplifiers are used in critical fire-control systems, 

fighting heart of our modern underseas 
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Now offering 
creative 
careers in 
ordnance 

• • •  

Expanding operations in an exciting, 
growing company have created un­
usual career opportunities for ord­
nance engineers. Assignments on re­
search and development projects will 
require the mature judgement of from 
two to ten years' experience in the 
field and present a combination of 
stimulating challenge and an ideal 
professional climate for contribution 
and personal development. 

. 

The company: the Crosley Division 
of A vco Corporation. There, confi­
dence and personnel morale stem from 
aggressive management, a progressive 
approach to individual effort, and 
maximum support for all projects. 

Definite creative career opportunities 
are available now. Experienced per­
sonnel can choose from: 

• Ballistics 
• Arming and Fuzing 
• Non-nuclear Weapons Systems 

Analysis 
• Target Damage Evaluation 
• Warhead Design 
• Shells System Design 
• Microminiature Electronic 

Assemblies Design 
• Projectile Design 

For complete information, write or call: 
Mr. P. B. Olney, Manager oj Scientific 
and Administrative Personnel, Dept. 
X-40, Crosley Division, Avco Corpo­
ration, 1329 Arlington Street, Cincinnati 
25, Ohio. Phone: KIrby 1-6600. 

Avco/ 
"/Crosley 

CORAL-REEF SAND is composed of the limy skeletons of minute marine creatures and 
the dehris of coral itself. In comparison to quartz grains these particles are highly fragile. 

abrasion loss. By comparing the cubes 
with natural sand-grains we made a 
rough appraisal of the losses the natural 
grains must have sustained. With due al­
lowance for the diminution of roundness 
with grain size, we found an average loss 
of about 10 per cent. This serves as the 
estimate of the average abrasion sus­
tained by all sands. To determine the 
average current rate of abrasion in 
desert sands we drew upon our wind­
tunnel experiments, plus some values for 
the average wind-force in deserts, and 
found that the figure is equivalent to 10 
per cent of the weight of 300 cubic yards 
of sand per square mile per year. The 
most uncertain estimate is the third: the 
yearly production of sand grains by 
weathering of hard rock and the crush­
ing of old grains. The addition of new 

angular particles to the existing stock of 
sand would decrease the percentage of 
rounded grains in the total. To maintain 
the average abrasion-loss constant at 10 
per cent, in accord with our first esti­
mate, the annual loss of all sand must 
equal 10 per cent of the volume of new 
grains produced each year. Only a ten­
tative estimate can be made. It would 
appear that some 200 million cubic yards 
of sand would have to be undergoing a 
current abrasion loss of 10 per cent. By 
combining these results one finds that 
about 750,000 square miles of desert will 
do the trick. The present area of sandy 
deserts is three times as large. This sug­
gests that the average roundness of sand 
on earth should be increasing. But since 
the desert area has been much smaller in 
the past, there is no contradiction in the 
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result. Plainly wind abrasion can more 
than account for the roundness of the 
world's sand grains. 

The same calculations confirm the 
laboratory finding that a sand grain is a 
durable object. After having been born 
from some parent rock, it begins the trav­
els that are to wear it down. Its move­
ment is intermittent, and the periods of 
stagnation vary from a few minutes in a 
river bed to eons on a flood plain or 
beach ridge. But ultimately it finds a 
final resting place where the sand is cov­
ered by younger deposits and is no long­
er disturbed. 

No sharp distinction can be made, 
however, between a temporary halt and 
the final goal. There is always the pos­
sibility that a sleeping grain will be re­
awakened or that a buried one will 
become the victim of body-snatching. 
Deposits on land tend to be disturbed 
sooner or later by erosion, and not even 
a cemetery on the floor of a sinking 
marine basin remains secure for all time. 
Pressure, temperature and chemical re­
action may combine to bond the grains 
in sandstone. The cement is usually lime, 
silica or an iron oxide. Yet even when it 
is sealed in this coffin, a sand grain is no 
more inviolate than a Pharaoh's mummy 
is secure from plunderers or archaeolo-

gists. It is true that when the grain is 
part of rock that has been submerged to 
great depth and subjected to intense 
heat and pressure, it "returns to dust"; its 
crystal is disassembled and its molecules 
recrystallize to form a gneiSS or a schist. 
More likely, however, the sedimentary 
strata are raised to produce a mountain 
range. As a result erosion starts to dis­
inter and break down the sandstones and 
other rocks. In some cases the cement is 
so strong that pebbles are formed. But 
usually the breakdown sets the grains 
free again, with their shape at burial still 
intact. When this happens, the particles 
enter a new erosion cycle with the in­
heritance of the rounding acquired be­
fore. 

Sand on the Continents 

Some investigators hold that more 
than half the grains partaking in trans­
port and deposition are newly formed, 
or at least much altered from their form­
er shape. Others maintain that the great 
majority are held over from former cy­
cles. If the results of our investigations 
can be relied upon, however, a large 
proportion of the world's stock of sand 
grains must have undergone many 
cycles. 

There is another reason for holding 
that the average age of quartz grains is 
very high. This is the huge volume of 
sand now lodged on the continents. 
Some of it has been lost to the deep­
ocean bottom by turbidity currents, but 
this loss cannot be significant. Abrasion 
losses amount to only 10 per cent; a cer­
tain volume of the fine material thus 
produced must have been carried from 
the continents in dust storms and 
dropped into the deep ocean. Finally, 
some of the sediment deposited in an­
cient sea basins now uplifted on the con­
tinents has been changed to crystalline 
schist and gneiss at great depths. The 
Significance of all these losses cannot be 
assessed, but it is certain that in spite of 
them quartz has been concentrated in 
the sandy sediments of the continents to 
about twice its abundance in the source 
rocks. This is due to the chemical stabil­
ity, hardness and comparatively large 
size of the quartz particles as they are 
borne from the parent rocks. These plOp­
erties protect the grains from wear and 
tear and save them from being wafted 
into the deep-ocean basins. During geo­
logic time the continents were thus cov­
ered with a layer of quartz sand that 
partly shelters them, in their turn, from 
the agencies of erosion. 

DESERT SAND·DUNE has been eroded by the wind so that its ir· 
regular internal structure stands out in ridges. Across these ridges 

the wind has blown winding ripples of coarser sand. The book 
in center of photograph shows the scale of distance between ridges. 
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Lacrosse, U.S. Army's most accurate surface-to-surface missile 
- developed and produced by Martin 
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SHEET WEB of the grass spider Agelenopsis is one of the most 

primitive of spider wehs. Insects that hlunder into it can find no 

foothold in its softly yielding tangle of filaments; they hecome easy 

ORB WEB spun by a spider of the genus Araneus represents the 
acme of web evolution. Spun with greater economy of silk and 

effort than the sheet web, it holds trapped insects by means of tiny 

prey to the fast·moving spider. Inconspicuous in the spring when 

it is first spun, the web becomes increasingly visible as the season 

progresses and the spider adds filaments to it with each excursion. 

viscid globules that adhere to the threads of the spiral. The web 

shown here had not yet had its hub spiral added. Both webs in 

these illustrations were sprayed to make their filaments visible. 
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SPIDER WEBS 

These silken insect traps are spun in rnany forms, from an apparently 

careless tangle to a precise geometrical structure. All have evolved 

from the single thread of silk that all spiders payout behind them 

W
hen the young spider leaves its 
silken cocoon, it swings into the 
world on a silken thread. It 

weaves a silken net to snare insects, and 
binds them with silken cords. When 
danger threatens, the spider drops to 
safety on silken ropes, and if it survives 
the season, it hibernates in a silken 
chamber. Some spiders line their bur­
rows with silken tubes, and some close 
them with silken trap doors. In mating, 
the male spider deposits its semen on a 
special silken web. When finally a spider 
dies, it is wrapped (if it has been lucky) 
in a silken shroud. 

Silk is the warp and woof of the spi­
der's life. A few other creatures secrete 
silk, but none has exploited its pOSSibili­
ties so fully. With their unique mastery 
of this technology, spiders have colo­
nized the entire habitable world and 
evolved some 40,000 species. Not all 
of them spin their silk into webs. The 
wolf spider, for example, chases its quar­
ry, the jumping spider stalks it, and the 
crab spider hides and pounces. But most 
spiders do spin webs, and the success 
of the spider is only one aspect of the 
success of the web. The web spiders are 
alone, or nearly alone, in the practice of 
setting a trap for their prey. (The only 
other animal that builds a comparable 
structure is the water-dwelling larva of 
one species of caddis fly.) The web is so 
efficient a device for getting food that 
the web spider hardly ever responds to 
sensory stimuli other than those fur­
nished by the motions of its web. So 
intimately is its sense of touch tied to the 
web that the web becomes an extension 
of the spider itself, communicating by 
the frequencies of its vibration where an 
insect has been caught, where an enemy 
lurks or where a mate waits. 

Whether it is a hunter or a web-weav­
er, every spider secretes silk from a bat-

by Theodore H. Savory 

tery of spinning organs located at the tip 
of its abdomen. Like their earliest an­
cestor, the Archearanead, all spiders lay 
a dragline of silk behind them as they 
move, and they fasten it to the ground 
at frequent intervals. It is this dragline 
that instinct, environment and chance 
have fashioned into the webs that spi­
ders weave. The evolution of the web, 
which is not preserved in the fossil rec­
ord, may be reconstructed from the be­
havior of existing species. 

Originally the dragline probably 
served the single purpose of helping the 
wandering spider find its way back to its 
crevice-in much the way that Ariadne's 
thread led Theseus out of the Labyrinth. 
But a further function must soon have 
evolved. 'After constant sallies and re­
turns, the draglines formed a dense pat­
tern radiating from the spider's shelter. 
Should a passing insect touch one of the 
lines, its vibrations would carry to the 
silken mat on which the spider rested, 
and the slight tremor underfoot would 
stimulate the spider to rush out and se­
cure its prey. This proto-web, which 
even today is much more widely distrib­
uted than any other design, enabled the 
early spiders to flourish and diversify. 

Early builders of the proto-web 
climbed up rocks and tree trunks or onto 
the stems and leaves of small plants, or 
found their way to brooks and ponds or 
to the seashore. Wherever they went, 
these early spiders built their webs, and 
all the forms of web that were to follow 
are simply elaborations of the elemental 
web modified in adaptation to different 
environments. 

The webs spun by those spiders that 
took to the rocks and tree trunks un­

derwent the first elaboration. Living on 
slanting surfaces, the spiders must have 
followed the obvious tendency, when 

they ran out from a sheltering crevice, 
to head down the slope rather than up­
ward and to run farther downward than 
up. The radiating fringes, or bell-mouth, 
of the proto-web would then no longer 
be symmetrical, but would spread down­
ward over an increasing area, produc­
ing a web like that of Amaurobius or 
Agelenopsis [see illustration on next two 
pages]. The broadened fringe not only 
yielded a greater opportunity to catch 
insects, but also provided a greater meas­
ure of warning against enemies. This is 
the ubiquitous hammock-web that the 
modern house-spider Tegenaria spins in 
the corners of little-used rooms and out­
buildings. Essentially a silken tube, the 
lower edge of which stretches out to 
form a sheet or hammock, it is almost as 
fundamental a structure as the bell­
mouth web. 

The simplest form of hammock web 
is woven on the ground by Agelenopsis. 
The young Agelena spider does the 
same, but as it grows older, Agelena 
seeks refuge from its crawling enemies 
by climbing high up in bushes. But as 
they spun their draglines from stem to 
stem the first aerial spiders found it 
difficult to maintain a foothold upon the 
threads. Thus there arose an important 
new type, the upSide-down spider which 
hangs from the filaments with toothed 
tarsal claws. Since the spider has no 
balance mechanism, these species are 
indifferent to their inverted position. 

But for this single difference in the 
weaver's position, the evolution of the 
aerial webs paralleled that of the ground 
webs. The sheet appears as before, ex­
cept that guy lines support and stabilize 
the sheet above and below. The super­
structure of guy lines brings an unfore­
seen advantage: flying insects sb'ike the 
supporting threads and fall down onto 
the sheet. Soon there are many more guy 
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lines above the sheet than are needed 
merely for support. The true web is 
emerging. 

As the Agelenidae spin their webs in 
higher places, where flying quarry are 
more likely to blunder into them, they 
retain the silken tube. But the tube is 
conspicuous to enemies; in the web­
building habit of the Linyphiidae it is 
abandoned. The Linyphiidae are a large 
family; they make webs of such fine silk 
that they are visible to human eyes only 
in the early morning, when beads of dew 
tnce their delicate lines. These are the 
typical webs of hedges and bushes, the 
basic design from which, we may sup­
pose, two major variations have come. 

Some members of the Linyphiidae 
family, the small, black Erigoninae, or 
"money spiders," underwent a secondary 
adaptive radiation and returned to the 
ground. Here the web superstructure 
was needed neither for structural sup­
port nor for trapping flying insects, and 
so was discarded. Only the sheet was 
retained, and this the Erigoninae spin 
close to the ground, suspended from 
blades of grass and across small depres­
sions in the earth. 

A related family, the Theridiidae, re­
maining aloft in the bushes, followed 
the opposite line of development. Just 
as the Erigoninae turned black and 
merged with the earth colors, so the 
Theridiidae assumed the colors of the 
brighter flowered world above. And just 
as the web superstructure could serve no 
useful purpose for the ground spider, so 
the sheet could only advertise the pres­
ence of the Theridiidae to their enemies, 
or at best catch the wind that blew 
through the bushes. The sheet was thus 
discarded and the guy lines were re­
tained. The webs of the Theridiidae 
seem a haphazard tangle of threads, 
formless and without design. But this 
lack of organization is only apparent. 
They are not simple but simplified; they 
are no less suited to their purpose than 
are the more orderly webs, and they are 
far less demanding to construct. 

Among the Theridiidae are spiders 
that spin their webs high in the 

bushes and others that spin them closer 
to the ground. The webs of the latter in­
volve a most interesting new adaptation: 
Stretched above the ground are a few 
perpendicular threads, and clinging to 
the lower end of each of them is a string 
of sticky droplets. The snare is obviously 
enhanced by the droplets, but far more 
significant is the fact that just such viscid 
drops are found on the spiral threads of 
the orb web. 
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The orb web, which is spun by mem­
bers of the families Argiopidae and Ulo­
boridae, is the supreme elaboration of 
the dragline. It is the symmetry of the 
orb web that appeals most deeply to the 
human observer. We are not much im­
pressed by the cobweb, nor by many 
other webs that we see. We feel that if 
we were confined in a corner and given 
the power to produce threads, we might 
make as good a job of it ourselves. But 
the orb web, spun as it is in the air, in 
the dark, and often in a breeze, would 
defeat us. We gaze at it even as we gaze 
at St. Paul's Cathedral and Blenheim 
Palace. From the viewpoint of the spi­
der, however, an "imperfect" orb web 

is just as good a structure as a "perfect" 
one. The criterion of symmetry is a hu­
man notion. The spider's need is func­
tional, and it requires only that the web 
should catch enough insects to feed it. 

Unlike the spinning of many other 
kinds of web, which grow gradually from 
a few threads to thick sheets by the slow 
accumulation of silk, the building of an 
orb web is carried out in one continuous 
operation, taking 30 minutes to an hour. 
Certain distinct stages may be discerned 
in this uninterrupted process. But there 
is little to be said in explanation of it 
beyond the statement that the web un­
folds from the interaction of a ritual of 
inherited behavior, the spider's anatomy, 

EVOLUTION OF SPIDER WEBS and their diversity are illustrated on these and the follow­

ing pages_ Webs u, band c, shown with their spiders, Amultrobilts fenestrullts, Coelotes 

terrestris and Agelenu labyrinthica, are versions of the proto-web. Amaurobius coats the 

filaments of its web with sticky globules to trap its prey; Coelotes and Agelena use dry fila-
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the setting in which the web is spun and 
such chance factors as the play of 
breezes. 

The web typically begins with the 
stringing of the "bridge" line. The spider 
fixes the line to a starting point and 
crawls off to another spot, drawing out 
the silk from the spinnerets as it goes and 
holding the line free of obstacles with 
the rear pair of its eight legs. Of course 
it may find itself located in a place from 
which it cannot conveniently travel to a 
second fastening point. In that event 
chance plays an even more decisive part 
in the ultimate design of the web. Rais­
ing its spinneret-tipped abdomen in the 
air, the spider extrudes a short length 

of line often bearing on its end a tuft of 
silk. The merest breeze draws this line 
out into a long thin thread. Keeping ten­
sion on the airborne thread with its 
legs, the spider senses the instant it has 
landed and become securely anchored. 
Then, fixing a heavier thread to the 
starting point, it draws itself across the 
temporary bridge, rolling it up as it goes 
(and later eating it), paying out the 
heavier new line of the permanent 
bridge behind. 

It might seem that the next step is to 
drop perpendicular lines at each end 
of the bridge, connect these and so start 
the web inside a rectangular frame. But 
this is not the spider's way. The typical 

orb-spinner builds its web outward from 
a triangular frame. Crawling back across 
the bridge the spider strings a second 
line; then it fixes a third line to the ap­
proximate center of the second and 
drops off into space, pulling the threads 
taut in the shape of a Y [see illustration 
on page 120]. At the fork of the Y the 
spider starts a fourth thread which it 
strings along one of the upper arms. It 
fixes a fifth thread to the midpoint of 
the fourth, crawls down to the fork and 
up the other arm, where it pulls the fifth 
thread taut. The fifth thread and a 
stretch of the fourth thus form a second­
ary bridge line which is to frame the 
top of the web; the fork of the Y is bi-

ments that simply impede the flight of insects. Linyphia triangu. 

laris (d) is representative of the first aerial spiders; they hang 
upside down in their sheet wehs, which have stabilizing sub· and 
superstructures, and depend upon them entirely for food. Steatoda 

borealis (e) spins a web that is a variation of that spun by Lin. 

ypbia; it eliminates the sheet but retains the supporting structure, 

the ground lines of which it coats with viscid globules, a feature 
shared by the various orb wehs (see illustration on next two pages). 
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sec ted by the remammg stretch of the 
fourth line, which forms one of the radii 
of the web. In the two outside angles 
formed by the stem and arms of the Y 
the spider repeats this process. 

I f this were all, the basic design of the 
web would remain triangular. But 

chance contact with points of vantage in 
the surrounding area furnishes other 
anchorages for the attachment of radii 
to the center point, and the frame of the 
web assumes a polygonal form. With the 
radii in place, the spider goes to the 
center of the web and weaves a tem­
porary spiral scaffolding four or five 
turns outward from the hub. 

Until this moment the spider has 
moved spasmodically and rapidly; now 
its movements become slow and de­
liberate. It works inward from the 
circumference of the web, rolling up 
the scaffold spiral and laying what is to 
be the. snaring thread in an almost per­
fect logarithmic spiral. This thread is 
coated with a viscid, sticky substance 
by the action of auxiliary spinnerets. As 
the spider fastens the ensnaring spiral to 
the radii, it stretches each length of the 
thread with its legs, drawing it taut and 
breaking the viscid coating into equally 
spaced drops. Then, leaving a space 
within the innermost turn of the viscid 
spiral, it weaves a small spiral in the 

center of the web, eats the rolled-up 
scaffolding and sometimes chews away 
the crossed radii at the center to create 
a little empty circle. 

To some extent the spider's motion 
seems dictated by the growing web, 
which may be considered as a gradually 
developing field of force. The varying 
tensions of long and short segments, the 
distances between intersections, the 
lengths of filaments and the angles be­
tween them-each furnish stimuli to 
which the instinctively driven spider 
is compulsorily obedient. For example, 
when a spider steps upon a slack radius, 
it often turns about and circles in the 
opposite direction. If a spiral segment 

THE ORB WEB spun by Araneus diadematus (f) is a second and 
alternative development from the web spun by Linyphia triangu­

laris, shown on the preceding page at d. More economical of silk 

and less demanding of effort, the web hangs in open spaces where 

its effectiveness is enhanced. Zygiella x-notata (g) leaves a bare 

radius that extends to its hiding place and transmits to it the flut­

terings of trapped insects. Hyptiotes (h) spins a variation of the 

orb web: it holds one end of the bridge thread (see small drawing), 
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between radii is removed, the spider 
will stop on its next trip around and palp 
the lines until it locates the intersection 
of the nearest intact spiral and will then 
lay the thread accordingly. 

It is no surprise to find an over-all 
similarity in the webs spun by various 
species belonging to the same family. If 
within the limits of a family there is a 
similarity of spinnerets and legs, there 
is likely to be a similarity in the results 
when these organs cooperate in the mak­
ing of a web. Indeed, there is no reason 
for expecting anything else. The spider 
has to spin the kind of web that its limbs 
dictate; it canllot, for example, put the 
spiral threads farther apart than they 

always are, any more than a soldier of 
ordinary stature can march with paces 
four feet long. 

The inherited nature of the spinning 
behavior is highlighted by an observa­
tion made in 1938 by E. Petrusewiczowa 
of Poland. She discovered that if com­
mon cross-spiders were hatched in small 
boxes and kept there until they were 
partly grown, and then were transferred 
to large cages, they were immediately 
able to spin perfect webs. In other 
words, they did not begin their careers 
by spinning primitive webs or webs of 
a type from which the full-blown orb 
web might later evolve. The fact that 
during their "childhood" they had been 

!1 . 11'1 
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which it relaxes when an insect strikes the web, thus more deeply enmeshing it. Ulesanis 

qltadratLtm (j) spins an innocuous·looking single strand upon which many insects unwarily 

light. Allepeira lemnistica (i) comhines in its web features of both the orb and hammock 

webs. Safely isolated, a sac containing the eggs of its young dangles over apex of its canopy. 

High voltage-we mean the range from 1000 
to 600,000 volts-is becoming ever more im­
portant in today's technology. 

Here, for instance, are a few novel uses 
that have been found for Sorensen high. 
voltage supplies. We'll bet you haven't heard 
of all of them: 

Electrostatic painting. New way of 
painting speeds production by painting all 
sides at once. Electric field-one auto maker 
uses Sorensen 250 kv, 2 rna supplies-deposits 
paint evenly and quickly. Similar applica. 
tions include: spraying coating within drums 
and barrels, depositing films on resistors, and 
depositing flocking fibres. 

Kilovolts for depth-sounding. Under­
water spark, powered by Sorensen supply, 
eliminates expensive audio transducer for 
echo depth·sounding. Spark creates a sound 
pulse that's reflected from underwater sur­
faces. 

Perforating pickles. Sparks puncture cu· 
cumbers skins with tiny holes for fast absorp. 
tion of pickling brine. Energy comes from 
Sorensen high· voltage unit (30 kv, 2 ma). 

Abrasives snap to attention. An elec· 
tric field, sustained by a Sorensen high­
voltage supply, lines abrasive particles up 
vertically with cutting edges outward when 
cemented to sheet or belt. Cutting quality 
and uniformity are vastly improved. 

Separating "wheat from chaff." High 
voltage now speeds processing of cereals. 
Cereal passing between plates, charged from 
Sorensen high.voltage supply, is sifted be­
cause grain is attracted at different rate from 
dust, metallic particles, etc. Same principle 
removes impurities from tobacco and low· 
grade ore. 

These are just a few of the jobs Sorensen 
high·voltage is doing today. Others: dielec· 
tric testing (ac and dc), cable fault tracing, 
capacitor charging, electron tube testing, in· 
jection and focusing for particle accelera­
tors. Many more. Our engineers are always 
ready to discuss your high-voltage require­
ments. Write High-Voltage Systems Labora­
tory, Sorensen & Company, Richards Ave­
nue, South Norwalk, Conn. 9.43 

CONTROLLED 
5 .O"U��� POWER 

, � PRODUCTS ·'i"'� 'o, ."",\0. 

. .. the wIdest line lets you make the wisest choice 
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RITUAL OF CONSTRUCTION of a typical orb web follows the 

establishment of a bridge thread (ab) . The spider lays a loose 

thread (colored line) coterminous with tbe bridge, then fastens at 

c a second loose thread (1) which it descends and pulls taut (2), 
thus establishing acb. By a similar procedure (3 and 4), it estab· 

120 

3 
d 

6 

d 

lishes a second bridge (a'c'b') and cc', a radius extension of cd; it 

also spinb the frame threads eld (5) and e'f'd (6). Erection of the 

remaining radii (7) is followed by the spinning of a temporary 

scaffolding (8). The spider then lays its viscid spiral (9), rolling 

up the scaffolding as it goes. Finally it completes the hub (10). 
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fed by their keeper without any need for 
spinning had not affected their abilities. 
At the time of their liberation from the 
egg membrane, spiders can neither feed 
nor spin. But after their first molt they 
can do both of these things. If they be­
long to a web-spinning family, they can 
from the first make webs that are in all 
essentials just like the webs of their 
elders, though the webs may be smaller. 
A baby cross-spider may make a web 
that has a diameter of an inch or so; its 
mother's web was perhaps six or seven 
inches in diameter, but was fundamen­
tally the same structure. 

A good deal of attention has been 
given to the webs spun by young 

members of the orb-spinning species, 
and often differences in the number of 
radii or the number of turns of the spiral 
thread have been remarked upon. But 
these differences are not basic distinc­
tions: they are differences in degree, not 
in kind. Variations in the number of 
radii are always to be found in webs of 
the same species; in part this variation 
seems to be fortuitous, in part it is a con­
sequence of age. For example, observa­
tion has shown that between June and 
September the average number of radii 
in the webs of the cross spider falls 
from 36.6 to 28.8, while in the webs of 
the species Argiope bruennichi the num­
ber of radii increases from 22 to 29 dur­
ing the spider's lifetime. 

Whatever the nature of the inhetited 
plan, webs are often asymmetrical. 
There is little doubt that this is the result 
of the more or less fortuitous placing of 
the first few threads. In other words, the 
precise shape of any individual web is 
in part the consequence of the effects of 
its immediate surroundings on the spin­
ner. This fact is perhaps better shown 
by house spiders than by orb-spinners. 
If the small spider Tegenaria domestica 
is kept in a circular glass dish, it makes a 
normal web, with the characteristic hori­
zontal thread stretching outward from 
the top of its tube. If Tegenaria atrica, 
a larger species of the same genus, is 
put into such a dish, it finds itself rela­
tively confined and spins a circular track 
with a kind of hippodrome effect. 

Such observations support the notion 
that migration into new environments 
brought into existence those types of 
web that are often called abnormal or, 
more accurately, surprising. Much the 
most familiar of these is that modifica­
tion of the orb web spun by all members 
of the genus Zygiella, in which one ra­
dius is bare of the spiral thread. The ori­
gin of these designs is obscure, and one 
can only suggest that they have arisen 

NEW ARGUS 
DIRECT WIRE 

TV CAMERA ... Feeds directly to antenna 

posts of any standard TV receiver. Uses normal room illumi­

nation, needs no boosters for any line length under 1000 feet. 

Feed up to five cameras into each receiver if you wish .. . or 

link multiple receivers to a single camera. Costs fust $ 595 
with turret and 1-inch f:1.9 lens ... or $719 with regular, 

telephoto and wide-angle lenses. Matching receivers, monitors, 

and accessories make this the most versatile, least expensive 

closed circuit TV you can buy. Send the coupon today, to 

Argus . . . the bright new name in audio-visual systems. 
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a rg®u s A""\ T Audio-Visual Systems Department (Bldg. 0) 

.. V Ann Arbor, Michigan 
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Consider this! 

YOUR SAVINGS 
SHOULD BE EARNING 

@1% per 
annum paid 2 quarterly 

WITH SAFETY 
Are you as far-sighted in handling 
your savings as you are in handling 
your daily work? Or, have you fallen 
into a tradition-bound savings pat­
tern? This .can easily happen to intel­
ligent people preoccupied with their 
own important work. But stop and 
consider a moment. Your savings 
are important too. And it certainly 
makes good sense to earn the highest 
interest possible on your money. 
This is why 16,000 astute savers, 
from 50 states and 51 foreign coun­
tries, now have their accounts at 
First Western Savings and Loan 
Association, Nevada's largest savings 
and loan association. Savings at First 
Western have always earned more 
than the national average. The cur­
rent interest rate is 51f2% per annum 
on accounts of $5,000 or more, and 
5% % per annum on all others. Inter­
est is paid quarterly on all accounts. 

First Western has always paid more 
to savers. This higher interest rate 
follows fifteen consecutive interest 
payments of 5% or more, per annum 
paid quarterly. 
The reason First Western is able to 
pay this higher-than-average inter­
est is simple economics. You see, 
First Western is located in the fast­
est growing area of America, where 
dollars needed to finance expansion 
are in short supply. First Western 
Savings can therefore afford to offer 
a higher rate for new savings because 
it can make more on its lending 
program. A lending program so 
important to the economy of this 
remarkable growth area, that in 1959 
alone, First Western recorded 28.6% 
of all real estate loans made by local 
lenders' in our entire County! 

It is our belief that individuals 
who are accustomed to progressive 
thinking would be most inclined 
to adopt this modern method of 
saving-by-mail for greater profit 
and convenience. Won't you consider 
transferring your savings funds to 
First Western Savings? You'll earn 
more with safety. Another important 
fact: Withdrawals-by-mail have al­
ways been honored immediately. Air 
mail postage is pre-paid both ways. 
Funds received by the 15th earn from 
the 1st. $1.00 opens an account. 
Write, or mail check to: 

FIRST WESTERN 
SAVINGS 

A. G. Neumeyer 
President 

Department B � 
118 Las Vegas Blvd., So. - Las' Vegas, Nevada 

RESOURCES OVER $34.000.000.00 
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from a combination of anatomical varia­
tion in the spider and a change in the cir­
cumstances in which it came to live. 

Descriptions of other surprising webs 
still appear from time to time in the 
writings of those who are fortunate 
enough to observe the spiders of remote 
regions. There is, for example, the ex-

traordinary web of the American spider 
Allepeira, described by Harriet Exline 
in 1948, which seems to combine the 
features of an orb web and a hammock 
web. More remarkable because of its 
simplicity is the web of Ulesanis quad­
ratum, found in New Zealand in 1955 
by B. J. Marples. It consists of a single 

SILK·PRODUCING MECHANISM of spiders includes the silk glands (bottom left), 

located in the spider's abdomen, which feed liquid silk into the spinnerets, three of 

which are shown in this longitudinal section. The spinnerets themselves (bottom right) 

carry spigots of various sizes through which the silk issues. The drawing at the top shows 

how the spider uses its hind legs to draw silk from its spinnerets and place it on the web. 
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To assure a new order 
of reliability 

• 

EQUIPMENT 

The micro-module is a new dimension in mili­
tary electronics. It offers answers to the urgent 
and growing need for equipment which is 
smaller, lighter, more reliable and easier to 
maintain. Large scale automatic assembly will 
bring down the high cost of complex, military 
electronic equipment. Looking into the immedi­
ate future, we see a tactical digital computer 
occupying a space of less than two cubic feet. 
It will be capable of translating range, wind 

velocity, target position, barometric pressure, 
and other data into information for surface to 
surface missile firings. The soldier-technician 
monitoring the exchange of computer data will 
have modularized communications with the 
other elements of his tactical organization. RCA 
is the leader contractor of this important United 
States Army Signal Corps program and is work­
ing in close harmony with the electronic com­
ponents industry . 

•. ,. RADIO CORPORATION 0' AMERICA 
DEFENSE ELECTRONIC PRODUCTS 

CAMDEN, NEW JERSEY 
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horizontal thread bearing viscid globules 
so large that they can be seen by the un­
aided eye. The tiny spider sits on a twig, 
holding the thread in a raised foreleg. If 
an insect touches the thread, the spider 
relaxes, entangling the victim in the 
slack; the spider thereupon darts for­
ward, rolling up the thread as it goes 
and laying another behind it. It seems a 

remarkable way to secure a meal, but 
one that serves admirably to emphasize 
the conclusion that the web has played 
an extraordinarily successful part in the 
life of spiders. The spider's web is still 
as full of surprises as it is of prob­
lems, and it is a long way from being 
completelv understood by its human 
observers. 

GOLDEN GARDEN SPIDER, Argiope aurantia, eats an insect it has suhdued hy en­

shrouding it in a silken cocoon. The zigzag structure, formed by a broad rihbon of silk, is 
called the stahilimentum; it stabilizes the web and, by repeating the pattern on the spider's 
back. camouflages it when it lies at the center of the web where the stabilimenta cross. 
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NEW C#jJ 185A 500 Me oscilloscope 

run! for these important measurements : 

Analyze millimicrosecond pulses 

Measure transistor response time 
Make fractional millimicrosecond 

time comparisons 

Measure diode switching time 

Determine pulse j itter 

Make permanent X-Y plots 
Measure memory-unit switching 

Measure uhf voltage amplitude 
<lp 185A Sampling Oscilloscope with 

� 187 A Dual 'lhlce Amplifier 

Bright, clear dual pulse presentation on ·hp· 
185A's big 5" scope face. Top trace shows 
pulse from mercury pulser applied to 2N1385 
mesa transistor. Bottom trace shows respond­
ing turn-on of transistor. Dip in bottom trace 
at start of turn-on results from capacitance. 
Scope sweep speed is 1 mfLsec/cm. 

Brilliant. steady trace of a 2 millimicrosecond 
pulse on the 185A 5AQP cathode ray tube 

6362 face. 

IMPORTANT FEATURES: Less than 0.7 ml'sec rise time. 500 MCpass 
band; bright steady traces even at rep rates down to 50 cps. Sensitivity 
10 mv/cm to 200 mv/cm; vernier increases sensitivity to 3 mv/cm. 
Sweep times 10 ml'sec/ cm to 100 ml'secl cm with expander to 0.1 ml'sec. 
Front panel delayed sync pulse for triggering circuits under test. Dual 
channel input. 10 cm vertical display. High sensitivity, wide dynamic 
range. 100,000 ohm probe minimizes circuit disturbance. X-Y recorder 
output. Time-amplitude calibrators, beam finder, panel similar to con­
ventional scopes. Built-in time and amplitude calibrators. 

FOR COMPLETE DETAILS of this totally new, easy-to-use instrument, 
call your <lp representative or write direct. 
<lp 185A 500 MC Oscilloscope, $2,000.00 
<lp 187 A Dual '!race (plug-in) Amplifier, $1,000.00 

Data subject to change without notice. Prices f.o.b. factory 

HEWLETT-PACKARD COMPANY 
1026S Page Mill Road, Palo Alto, California, U.S.A. 

Cable "HEWPACK" DAvenport 6-7000 

HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No.1, Geneva, Switzerland 

Cable "HEWPACKSA" Tel. No. (022) 26 . . 43. 36 

1i/J over 300 fast, accurate measuring instruments 
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A Statement from Francis C. Brown, Chairman of the Board and President, Scheril1g Corporation: 

"In behavioral research alone, our 

Burroughs computer has multiplied 

"We, at Schering Corporation, have 
grown accustomed to miraculous devel­
o p m e n t s  i n  our i n d u s t r y. So m a n y  

advancements have been made i n  phar­
maceutical research in the last two 
dec:1des, we are convinced that we may 
indeed be on the brink of a pharmaco­
logical revolution. 

"Yet, there is so much more to be 
done, so many new avenues to explore, 
that we recognize the only real source 
of continued development is through 
expanded research efforts. Through 
research, Schering has already created 
several of the world's leading ethical 
drugs . . .  major emphasis has been on 
cortical hormones and antahistamines. 
Some, like Coricidin, have become 
household words. 

"While the results of research are 
sometimes dramatic, there is little of the 
miraculous in the day-to-day explora­
tions made by pharmaceutical scientists. 

our productivity by 100 times /" 

• Dr. Francis Mechner checks compute�s daily results with Ronald Ray . 

For one thing, pharmaceutical research 
is expensive . . .  costs are over three times 
more per sales dollar than all other in­
dustries and rising substantially each 
year. Findings are often inconclusive 
and only a small portion ever reach frui­
tion in a marketable product. And with a 
diversified line of products such as ours, 
we must maintain research projects 
in many different areas simultaneously. 
Even with the newest and most success­
ful discovery, a competitor may enter 
the market with a better product that 
puts yesterday's 'miracle' out of favor. 

"Yet, a relentless search for new 
products is a necessity. It is the only 
reasonable assurance of the continuing 
health of our own business enterprise. 
Today we are conducting extensive 
experimentation with chemical mole­
cules of known pharmacological prop­
erties. The object is to achieve radically 
new pharmacological results from a 

series of minor alterations in chemical 
structure. Once achieved, these new 
compounds must be evaluated in labo­
ratory animals. The methodology of 
this program is exemplified by an 
experiment carried out in Schering's 
Behavorial Research Laboratory. Here, 
eight highly trained rats take their turn 
in succession night and day, at a test­
ing station where their behavior is 
recorded and then analyzed by com­
puter. This is the type of experimenta­
tion in which the behavorial effects of 
drugs are tested in animals. The results 
of these experiments permit predictions 
concerning the effects these drugs will 
have on man. 

"With thirteen experiments of this 
type proceeding on a continuous basis, 
the volume of data generated could 
never be handled without the aid of a 
computer. The Burroughs 205 performs 
computations every day which the staff 
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of Schering's Behavorial Laboratory 
would require years to complete. The 
computer's final output is in the form 
of tables and graphs which are then 
studied and interpreted by psycho­
pharmacologists. 

"The decision to install a Burroughs 
205 computer was upheld by a need to 
provide rapid, complete and economic 
analysis of the data which is produced 
by the research division at great cost. 
We investigated the computer field 
thoroughly, and after careful study and 
professional consultation, our technical 
people believed no other computer met 
our requirements so well. One of our 
scientific programmers, Biometrics 
Manager Gordon B. Thomas, was par­
ticularly impressed with the 205's abil­
ity to handle large masses of data with 
the power of a large scale computer. . .  
and at less than half the cost. Mr. 
Thomas felt the 4000-word memory of 

PHOTOGRAPHS BY J. ALEX LANGLEY 

Dr. Bradley Whitman, Director 0/ Research Serr;ices, cmljers with Gordon B. Thomas, Biometrics Manager. 

the 205 greatly facilitated the execu­
tion of research programs, many of 
which exceed 10,000 steps. 

"In our research projects alone, the 
205 has earned its keep. Dr. Bradley 
Wh:tman, head of Research Services, 
reports our 205 computer is turning out 
fast, accurate results at a cost we could 
n e v e r  h a v e  r ea l i z e d  by any o t h e r  
method. Research scientists are freed 
from time-consuming data collecting 
and may now spend more time on crea­
tive work. 

"In addition to serving as a research 
aid, our 205 has provided us with other 
benefits as well. 

"Our Procedures Department Mana-

ger, William B. Spencer, points out 
that the 205 is completely compatible 
with our commercial needs as well as 
research. In fact, our recent purchase 
of additional Burroughs peripheral 
equipment will allow us much greater 
capacity for commercial applications. 

"As we expand and broaden our 
search for new products, we expect 
commensurate growth in other areas of 
our company as well, and we are confi­
dent that our 205 computer, with its 
modular expansion features, will keep 
pace with our computing needs." 

FRANCIS c. BROWN 
Chairman of the Board and President 
Schering Corporation 

Hundreds of other scientific and commercial users of Burroughs computers are 
confirming the same experience. Burroughs complete line of electronic data proc­

essing equ.ipment is backed by a coast-to-coast team of compu.ter specialists, all 

eager to tell you how Burroughs can help in your business. For additional informa­
tion, write ElectroData Division, Pasadena, California. 
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Naugatuck PARACRIL OZO 

Now an oil-resistant rubber with color 
• . .  any color . . .  any shade • . .  for almost any rubber product 

Color is a facet of function. Color identifies ... emphasizes 
... warns ... attracts or repels. 

Color, properly used, is beauty. Color appeals. Color sells. 

And now all the color you can use is yours in a synthetic 
rubber compound so tough, so oil, chemical, weather, and 
ozone resistant, it actually outperforms other rubbers. No 
longer need you think in terms of gray, brown, and black 
for any weather-resistant rubber. 

Paracril@OIO-a unique blend of acrylonitrile-butadiene 
rubber and vinyl developed in the Naugatuck Chemical 
laboratories of U. S. Rubber-is already demonstrating its 
product-improvement power in a wide range of highly suc­
cessful applications. And it's ready and waiting to do the 
same for your product. 

Take a look at Paracril OIO. Full information is immedi­
ately available from your nearest Naugatuck Representative 
or the address below. 

Naugatuck Chemical 
Do ° ° f U ° d S R bb ( 457P Elm Street IVlslon 0 nlte tates u er ompany Naugatuck, Connecticut 

Rubber Chemicals · Synlhetic Rubber· Plastics · Agricultural Chemicals ' Reclaimed Rubber· Latices ' CANADA: Naugatuck Chemicals Division. Dominion Rubber Co .. ltd .. Elmira, Ontario· CABLE: Rubexport. N.Y. 
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DELAYED HYPERSENSITIVITY 

This type of allergy has been identified as the cause of rash 

In poison ivy, pains in rheumatoid arthritis, lung cavitation 

In tuberculosis and nerve degeneration In multiple sclerosis 

F

or some people poison ivy seems to 
have no poison. While other camp­
ers and gardeners must be wary of 

the paths that they tread and the leaves 
that they touch, such a person is able to 
uproot the plant with his bare hands and 
to suffer no harmful consequences. But 
the leaves may be touched once too often, 
and one day, following a brush with 
poison ivy, that person finds himself af­
flicted with the skin rash and blisters 
that make almost everyone else avoid 
the plant. 

Like hay fever, the reaction to poison 
ivy is an allergy. Just as most people 
have a hereditary resistance to develop­
ing hay fever, so a few people can 
handle poison ivy with impunity. In 
either case, however, this impunity may 
be overwhelmed by repeated exposure 
to the allergen that proved so innocuous 
on first exposure. But the hypersensitive 
reaction that troubles the sufferer from 
hay fever follows quickly upon his ex­
posure to ragweed or other irritating 
pollen. The reaction to poison ivy, in 
contrast, takes more time to develop. 
Poison-ivy attacks thus are identjfied 
with a little-understood group of al­
lergies characterized as "delayed hy­
pelsensitivities." 

This simple distinction early divided 
allergic reactions into two main classes. 
But the underlying reason for the im­
mediacy of the one reaction and the de­
lay of the other was obscured until re­
cently because it was often difficult to 
provoke delayed hypersensitivity in ex­
perimental animals. Techniques devel­
oped for this purpose now have begun 
to expose the mechanisms of delayed 
hypersensitiYity. This understanding in 
turn has implicated this type of allergy 
in a wide range of medical problems 
aside from straightforward allergic con­
ditions: the cavitation of lung tissue in 
tuberculosis, the rejection of grafted tis-

by Alfred J. Crowle 

sue in surgery, the degeneration of 
nerves in multiple sclerosis, and the 
stiffening and swelling of joints in 
rheumatoid arthritis. 

The allergic reaction is itself an ex­
pression of the body's biochemical integ­
rity. The body reacts to most foreign 
materials of an organic nature by manu­
facturing special substances called anti­
bodies. These combine with the foreign 
material, or antigen, ordinarily with­
out harmful (and often with helpful) 
results. By this means, for example, 
the body generates immunity to infec­
tious disease. In allergic reactions, 
however, the interaction of antigen and 
antibody does harm to body tissues. 
For this reason allergies often have 
been called immunological mistakes. 
Indeed, such a "mistake" often attends 
the development of immunity to disease 
organisms, though there it turns out to 
be useful. Skin tests based on the al­
lergic reaction are employed by physi­
cians to diagnose diseases such as tuber­
culosis and undulant fever or to measure 
the effectiveness of immunization to 
tuberculosis and smallpox. Epidemiol­
ogists sometimes use these tests to trace 
the spread of an infection in a human 
population. 

The skin is a sensitive indicator of 
allergies. In animals hypersensitized to a 
substance the skin test generally indi­
cates whether the allergy is of the imme­
diate or of the delayed type. The reaction 
typical of immediate hypersensitivity 
causes the test area to become hot, red 
and softly swollen within a few seconds 
or minutes after the injection. A short 
while later the skin returns to a normal 
condition. The skin reaction of delayed 
hypersensitivity, on the other hand, takes 
several hours to appear; the affected skin 
also becomes red and warm, but the 
swelling this time is firm. The reaction 
lasts for several days and may kill part 

of the tissue involved. Of course the dif­
ferences between immediate and de­
layed reactions in skin tests are not al­
ways clear-cut. For example, a strong 
immediate hypersensitivity may cause 
so much local tissue-damage that it ap­
pears to be a mixture of immediate and 
delayed reactions and can be identified 
only by microscopic examination. 

kimal experiments, however, have 
provided a more significant distinc­

tion between the two types of allergy. 
If blood serum from animals having an 
allergy of the immediate type is trans­
ferred to another animal, the recipient 
will become temporarily sensitive to the 
same allergen, and will respond to the 
skin test with a reaction of the imme­
diate type. This indicates that the anti­
bodies involved in immediate hypersen­
sitivity circulate in the blood serum. In 
fact, it is possible to isolate these anti­
bodies by precipitating them from the 
serum in reaction with the antigen that 
induced their formation. Many of these 
antibodies have thus been purified and 
their chemical and physical character­
istics described. But the transfer of 
serum from one animal to another will 
not carry over delayed hypersensitivity; 
the antibodies involved in this kind of 
allergy ordinarily do not circulate in the 
serum. Delayed hypersensitivity may, 
however, be passed from an allergic to 
a normal animal by the injection of cells 
from the lymphatic system, of related 
cells from other tissues (reticuloendo­
thelial cells) and of white blood cells. 
Immediate hypersensitivity is never con­
veyed passively by such cells. 

Thus it has become clear that the two 
types of allergy depend upon two basi­
cally different kinds of antibody. One 
kind circulates freely in the serum; the 
other is closely bound to living cells. 
With few exceptions the antibodies of 
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SERUM 

,�, � 
IMMEDIATE HYPERSENSITIVITY is induced by injecting a 

guinea pig with the antigen egg albumin (left). Serum from this 

animal can transfer the induced allergy to a second animal (top 

SERUM 

,�,� 
3 WEEKS 9 

":",,. 

DELA YED HYPERSENSITIVITY to egg albumin is induced 

along with the immediate type by injecting the antigen and a 

potentiator, here tubercle bacilli (left). Serum from the allergic 

animal transfers the immediate hypersensitivity to a second animal 

) 
3 WEEKS 

) 
3 WEEKS 

DESENSITIZATION is readily accomplished in immediate hyper­
sensitivity but not in the delayed type. A guinea pig with an imme­

diate hypersensitivity (top) is given a small dose of antigen; it 
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) 
5 MINUTES 

) ) 
5 MINUTES 2 DAYS 

row at right), but lymph cells cannot (bottom row). After an in­

jection of antigen, guinea pig given serum dies (hatching) j rom 

an immediate systemic reaction; the one given cells remains well. 

2 DAYS 

(top row at right) ; lymph cells transfer the delayed type (bottom 

row). After injection of antigen the animal given serum dies of an 

immediate systemic reaction; the one given lymph cells later sick­

ens (broken hatching) from a delayed type of systemic reaction. 

) ) 
5 MINUTES 2 DAYS 

) 
5 MINUTES 2 DAYS 

becomes sick (broken hatching) from an immediate systemic I·e­

action but recovers. The animal then does not react to the antigen. 

A guinea pig having both immediate and delayed hypersensitivity 

2-7 

2-7 
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delayed hypersensitivity lose their ac­
tivity unless the cells are kept alive 
and intact. By the same token it has not 
yet been possible to isolate and identify 
these antibodies. 

For a long time investigators thought 
that the antigens that induce many kinds 
of delayed hypersensitivity must be 
bound equally closely to the living proc­
esses of allergenic microorganisms. In­
fection with certain bacteria will induce 
both immediate and delayed hypersen­
sitivity in experimental animals. An al­
lergy of the immediate type also can 
be brought on by extracts of the micro­
organisms, or indeed by injection of 
such ordinarily innocuous substances as 
chicken egg albumin. In early experi­
ments delayed hypersensitivity could be 
induced only by the living microorgan­
ism, so it was often called "infectious 
allergy." A few years ago, however, vari­
ous workers found that protein-bearing 
extracts of killed microorganisms could 
provoke delayed hypersensitivity if they 
were injected along with certain lipoidal 
(fatlike) fractions of these bacteria. Pur­
suing this lead, they since have suc­
ceeded in inducing delayed hypersen­
sitivity to egg albumin and other non­
microbial proteins by injecting them to­
gether with the same type of lipoidal 
material extracted from bacteria, or 
simply with the whole killed bacteria. 

The role of the lipoidal material is 

5 MINUTES 

) 
5 MINUTES 

not clear. It may serve to modify the 
physical nature of the antigen, it may 
make the responsive cells of the in­
jected animal more reactive to the anti­
gen or it may direct the cells into a 
new and differer.t response. Some ex­
perimenters suggest that lipids in the 
skin of an affected animal may them­
selves play the same rcle in potentiat­
ing allergy. It is significant in this con­
nection, incidentally, that the oily poi­
son-ivy allergen, or industrial chemicals 
that cause the same kind of allergy, 
hypersensitize an animal only if they 
are rubbed on the skin. 

Since fatty materials are not soluble 
in water, the antigen and the potenti­
ating agent must be dispersed in an 
emulsion of water in oil to keep them 
together in the animal after the injection. 
Not long ago A. M. Pappenheimer, Jr., 
of the Harvard Medical School suc­
ceeded in inducing delayed hypersensi­
tivity by injecting very minute quantities 
of protein antigens alone, but the allergy 
induced seems to differ in some respects 
from the classic type. 

With the means to induce delayed 
hypersensitivity in experimental 

animals almost at will, investigators have 
begun to distinguish its mechanisms 
more clearly from those of immediate hy­
persensitivity. One of the most striking 
characteristics of immediate hypersensi-

) 

1 DAY 

(bottom row), on similar treatment, gets nonfatal attacks of both immediate and delayed 

systemic reactions (third and fourth steps). But after the guinea pig recovers, a large dose 

of the antigen again canses a delayed systemic reaction; the animal then dies (last step). 

tivity is the systemic reaction called ana­
phylactic shock, which follows rapidly 
upon injection of a relatively large dose 
of antigen into the bloodstream. A guin­
ea pig that has been sensitized to egg 
albumin reacts violently to an amount 
that would be harmless to the normal ani­
mal; it goes into violent convulsions, and 
moments later it dies of suffocation. The 
animal also may be readily desensitized 
to an antigen to which it has immediate 
hypersensitivity. This is accomplished 
by injecting a smaller dose of antigen, 
enough to give the animal a severe but 
not fatal seizure. Upon recovery it will 
show no reaction at all to any subsequent 
injection of egg albumin made during 
the next few hours or days. An injection 
of many times the quantity of egg albu­
min that would have killed the guinea 
pig before now causes it not the least 
discomfort. 

In an animal in which a delayed hy­
persensitivity has been provoked the re­
action to a heavy injectiofl of the antigen 
follows a different course. Because the 
sensitizing technique usually induces 
immediate as well as delayed hypersen­
sitivity, such an animal may be killed by 
anaphylactic shock. But if it does re­
cover, it will behave normally for only a 
few hours. Then its fur begins to ruffle; it 
breathes uneasily, closes its eyes and 
crouches apparently senseless to its sur­
roundings. Its body temperature drops 
and it slowly sinks into a coma to die 
two or three days later, killed by its de­
layed hypersensitivity. If the challenging 
dose of antigen is suffiCiently reduced, 
the animal may recover. But it has not 
thereby become particularly desensitized 
to the antigen, for a subsequent injec­
tion again will induce the delayed type 
of systemic reaction, almost as strongly 
as before. 

Although the interpretation of these 
experimental findings still is contro­
versial, the principal mechanism of 
delayed hypersensitivity is now dis­
cernible. The allergy antibodies are 
manufactured by some of the body's 
lymphoid cells when they are confronted 
with an antigen in a certain form and 
under specific conditions. These anti­
bodies apparently remain within or on 
the cells and react specifically with the 
antigen upon future contact. Probably 
these antibodies accumulate in large 
numbers; relatively few lymphoid cells 
containing them can transfer delayed 
hypersensitivity from one animal to an­
other. Because delayed hypersensitivity, 
once actively induced, lasts far longer 
than the life of any single hypersenSitized 
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cell, the new cells that replace these 
either must be freshly sensitized by 
traces of antigen remaining in the body 
for a long time, or must inherit the ability 
to make antibodies through the genetic 
material of their hypersensitized pro­
genitors. Or the cells may, in some still 

unknown nonhereditary way, "learn" the 
art of manufacturing these antibodies 
from cells already able to do so. 

associated with these cells, it kills the 
cells. The damaged cells then apparently 
release uncombined antibodies. The an­
tibodies may be ingested by white blood 
cells and related phagocytic cells attract­
ed to the site of irritation, and these in 
turn become hypersensitive and suscep-

In the delayed allergic reaction the 
hypersensitive cells seem to be the focus 
of primary destruction. As the antigen 
combines with some of the antibodies 

NORMAL MOUSE·SKIN is smooth, and the network of veins is 

visible through it. In this photograph and the others on this page 

of mouse·skin tests the areas are enlarged about seven diameters. 

CONTACT DERMITITIS, a form of delayed hypersensitivity, is 

manifested by a firm swelling (blanched area) and central necrosis 

(dark scaly area). This part of a hypersensitive mouse had been 

exposed to a drop of 2,4-dinitrochlorobenzene 48 hours earlier. 
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SKIN REACTION in immediate hypersensitivity to bovine serum 

albumin is shown after one and a half hours. Edema is visible as a 
blanching of the skin and interruption of the normal vein pattern. 

DELAYED SKIN·REACTION persists much longer than the im· 

mediate type. Ulceration (dark spot) and some swelling are still 

visible a week after the injection of tuberculoprotein, the antigen 

to which this mouse had developed a delayed hypersensitivity. 
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tible to destruction by antigen. This 
chain reaction evidently continues until 
antig�n or antibody is exhausted. In 
breaking down, the injured cells release 
various substances that are toxic to other 
tissues, thus causing secondary damage 
that may be more harmful to the body 
than the primary damage. Secondary ef­
fects may account for the death of the 
skin in a skin test, or for the systemic 
shock that follows exposure to a large 
dose of antigen. 

The cavities of tuberculosis appear to 
be formed by delayed-hypersensitivity 
reactions between protein constituents of 
the infecting tubercle bacilli and allergic 
tissue-cells of the lungs, with the sec­
ondary toxic products of these reactions 
causing the destruction of the lung cells. 
Thus if proteins of tubercle bacilli are 
injected directly into the lungs of a 
normal rabbit (in water-oil emulsion to 
prevent their spread from the site of in­
jection) , they cause no cavities to form. 
But if they are so injected into a rabbit 
previously hypersensitized by an injec­
tion of whole tubercle bacilli elsewhere 
in the body, they regularly produce cavi­
ties. Even a rabbit with delayed hyper­
sensitivity to egg albumin can develop 
turbercular-like lung cavities if egg al­
bumin is subsequently injected into its 
lungs. 

In many diseases that are chronic 
enough for delayed hypersensitivity to 
develop strongly while the body still har­
bors large or moderate quantities of the 
infecting agent, it seems likely that gross 
tissue destruction characteristic of some 
of them may be traced to the allergic 
reaction. Recovery from various illnesses 
caused by bacteria, yeasts, molds and 
the like thus may depend on how hyper­
sensitive the patient has become to the 
constituents of the disease germs and on 
how badly his tissues are injured in al­
lergic reactions with them. Not a little 
of the itching and sometimes burning 
irritation of athlete's-foot infection may 
be due to delayed hypersensitivity to 
the disease organisms. 

Of perhaps less consequence than 
these manifestations of delayed hyper­
sensitivity is the troublesome and famil­
iar contact dermatitis. This is the itching 
rash of allergic origin, which can result 
from repeated exposure of the skin to 
various nonprotein substances, from the 
oily constituent of poison-ivy leaves to 
detergents and industrial chemicals. The 
substances that cause contact dermatitis 
seem to have little in common save that 
they usually combine readily with body 
proteins; the significance of this tenta­
tive finding is not yet completely under­
stood. How readily an individual be-

One of many assembly lines of skilled 

operators employing AO CYCLOPTIC 
Stereoscopic Microscopes to assemble ad­

vanced germanium computer transistors 

at Texas Instruments vast Semiconductor 

-Components division in Dallas, Texas. 

Here's how Texas Instruments 
mass produces precision transistors 

with AO's CYCLOPTIC Microscope 
Precision assembly of minute components for transistor production offers no 
problem to the skilled workers at Texas Iristruments. Using the AO CYCLOPTIC 
Stereoscopic Microscope, material that is practically invisible to the eye assumes 
accurately magnified proportions ... the entire assembly operation is observed in 
crisp, erect, three-dimensional detail. 

Bright, shadow less lighting is beamed deep inside the small unit apertures 
with AO's exclusive Vertical Illuminator attachment. The instrument's remarkable 
long working distance assures the operatOr of complete freedom of movement and 
affords ample room to accommodate larger objects and assembly tOols. 

With the instrument body inclined at a 30· angle, the operator can work in a 
natural, more comfortable position. 
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"working size" dimensions. 
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comes hypersensitive to such substances 
depends both on his hereditary suscep­
tibility and on the sensitizing potency 
of the substance. Most people handle 
the various household detergents with 
impunity, but the chemical 2,4-dinitro­
chlorobenzene will sensitize almost any­
one upon a single good contact, a fact 
which makes it a popu'ar experimental 
chemical for contact-dermatitis experi­
ments in animals. vVith this chemical, 
dermatitis can be induced quite easily 
in an experimental animal simply by 
dropping a solution of the allergen onto 
a small area of shaved skin; no lipoidal 
potentiator is needed. However, if the 
chemical is injected into the body with­
out touching the skin, it first must be 
combined with some such potentiator to 
sensitize the animal. Strangely, the sen­
sitivity associated with contact derma­
titis apparently does not make an animal 
susceptible to the violent systemic reac­
tion that attends the classic form of de­
layed hypersensitivity to proteins. 

N important type of delayed hypersen-
sitivity is that which frustrates sur­

geons in their age-old ambition to trans­
plant tissues and organs. Unless the 
donor and recipien t are identical twins, 
tissue transplanted from one to the other 
almost invariably dies after a few days 
or weeks. (Grafts of bones or blood ves­
sels only appear to take permanently; 
actually the foreign tissue is gradually 
replaced by regeneration of the recipi­
ent's own tissues.) A second graft from 

) 
3 WEEKS 

L UNG CAVITIES typical of tuberculosis result from delayed 
hypersensitivity to the protein fraction of tubercle bacilli. The 
injection of live tubercle bacilli (top row) or of whole killed ones 

I second row) directly into the lungs of a rabbit produces lung 

cavities (broken hatching). Killed bacilli injected under the skin 
do not induce cavities (fourth row) because there is then no pro· 

tein antigen in the lungs. On the other hand, neither does tuber· 

culoprotein, the actual antigen in this case, produce cavities when 

injected alone into the lungs (third row). If the animal has already 

developed a delayed hypersensitivity to tnberculoprotein as from 

the injection of whole bacilli under the skin (fifth row), cavities 

develop in the lungs in the area around the injected antigen. 
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the same donor is rejected more rapidly 
than the first. Although immediate hy­
persensitivity cannot yet be entirely ex­
cluded, it appears to have little if any 
significance in the homograft reaction, 
as this allergic annihilation of trans­
planted tissue is called. Often no anti­
bodies appear in the blood serum, and 
the injection of serum from an animal 
that has rejected a graft does not cause 
another animal to reject a graft from the 
same donor any more speedily. On the 
other hand, the transfer of lymphoid cells 
makes the recipient animal reject a graft 
just as quickly as it would if it were 
sensitized by prior direct exposure to the 
donor tissue. Both the animal that has 
rejected a graft and the animal that has 
received lymphoid cells will show a skin 
reaction of the delayed type following 
intracutaneous injection of cells taken 
from the donor of the graft. Homograft 
hypersensitivity differs from classic de­
layed hypersensitivity, however, in that 
it can be transferred only with lymphoid 
tissue cells and not with the white blood 
cells. 

Investigation of the homograft reac­
tion has developed an interesting finding 
that may have wider implications. Ex­
tracts of the material from nuclei of the 
cells of one animal will provoke the 
hypersensitivity in another animal as ef­
fectively as the intact cells themselves. 
Yet it is not the nuclear material but ma­
terial from the cytoplasm (that part of 
the cell which surrounds the nucleus) 
that enters into the allergic reaction. This 
cytoplasmic material, on the other hand, 
does not induce hypersensitivity. The 
nuclear substance of animal cells pre­
sumably directs their synthesis of cyto­
plasmic proteins; perhaps when it is 
transferred to another animal it is in­
gested by that animal's antibody-making 
cells, enters their nuclei relatively un­
changed and directly induces them to 
begin making antibodies against the 
cytoplasmic antigens of cells from which 
it was originally extracted. Thus the ani­
mal would become hypersensitive to 
cytoplasmic material by having been 
injected with nuclear material. If this 
idea is verified, it will have considerable 
bearing upon our understanding of the 
fundamental mechanisms of antibody 
formation. 

The homograft reaction reflects the 
capacity of the body, through its im­
munological system, to "recognize" its 
own tissues. This capacity apparently 
develops shortly before or after birth. 
Mice of one strain become tolerant to 
tissues from an unrelated strain if they 
receive injections of cells of the second 
type before birth, when their immuno-
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His Problem: 

To boost steel output, 

improve operators' outlook, 

with advanced automatic controls 

Name of this scientific American: 
George Grosvenor, 

The Colorado Fuel and Iron Corporation 

• "We find that the further we 
travel along the road to automatic 
open hearth operation, the more 
important becomes the human ele­
ment." So says George Grosvenor, 
Superintendent of Steel Production 
of The Pueblo Plant, Colorado Fuel 
and Iron Corporation. His comment 
is of particular interest to manage­
m e n t  m e n  l o o k i n g  f o r  b e t t e r  
production via advanced controls 
because Grosvenor's well-instru­
mented open hearth No. 17 is one 
of the nation's top producers in 
terms of tons per hour per 1000 
square feet of hearth area. 

While Grosvenor's emphasis on 
the human element in automatic 
operation seems paradoxical at first 
glance, it makes sense in light of 
CF&I experience. Ten years ago, 
the company set out to improve 
open hearth efficiency using new, 
automatic controls. CF&I realized, 
however, that unless operators' skills 
and interests were considered, 
results could be less than successful 
-as indeed they had been previously 
in many industries where workers 

saw new controls as a threat to 
their jobs. As a result, the CF&I 
program had, in effect, three major 
objectives: 

A. To improve the technical aspects 
of open hearth operation in terms 
of output vs. total costs. 

B. To improve the human aspects 
of open hearth operation by letting 
operators educate themselves to the 
usefulness and convenience of 
advanced controls. 

c. To keep A and B in step at all 
times. 

A first step in the program was 
installation of instruments which 
cleaned up a problem that had long 
bothered opera tors. Throwover 
instruments and components (used 
to reverse the action of fuel and air 
atomizers to the opposite end of the 
hearth) were different on all fur­
naces (then 16 in number) so that 
each time melters and first helpers 
moved from one furnace to the 
next, they were confronted with 
a different configuration of valves 
and levers. Instrument standard i-

zation on all furnaces not only 
cleared up this problem, but gave 
operators fewer and more consistent 
procedures-gave the maintenance 
c r e w  a m o r e  c o m p a c t  p i p i n g  
arrangement. 

Shortly afterward, high-pressure 
burners and fuel atomizers became 
available and were installed on all 
furnaces. Results were good in terms 
of output, but because each furnace 
was of a different design, installa­
tion of the new equipment was dif­
ferent in each case. Again, opera­
tors were justifiably confused. 

This problem was another oppor­
tunity in disguise, for it led to 
redesign and relocation of combus­
tion fluid control systems around 
new Leeds & Northrup automatic 
furnace reversal units. Again, the 
technical problem was solved in a 
way that helped operators. The new 
automatic reversals eliminated 
physical effort in reversing the fur­
nace, and freed operators from the 
necessity of dropping other work as 
the time for reversal drew near. 

Success of these relatively modest 

QUALITY systems engineering LEEDS &: NORTHRUP 
INSTRUMENTS . AUTOMATIC CONTROLS . FURNACES 
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equipment installations opened the 
door to much more comprehensive 
control systems when the newest 
(No. 17) open hearth was put into 

operation. Included are Leeds & 
Northrup systems for roof tem­
perature control, atomizer to fuel 
ratio control, furnace pressure con­
trol, bath immersion temperature 
measurement, and control of flue 
gas O2 content for maximum com­
bustion efficiency. The latter not 
only helped improve combustion 
directly, but revealed the answer to 
further gains in production through 
greater fuel and air input. 

The published production record 
of No. 17 leaves no doubt as to the 
value of quality instrumentation 
when it is skillfully applied, and 
keyed to operators' needs. 

A close look at Leeds & Northrup 
control systems in the steel industry 
·-in any industry-shows the kind 
of quality results which informed 
operating people respect. Get the 
facts on L&N controls for the steel 
industry by writing to 4935 Stenton 
Avenue. Philadelphia 44, Pa. 

logical system is still immature. Induc­
tion of tolerance in infant human beings 
by this means is scarcely practical. How­
ever, recent experiments with kidney 
transplants indicate that tolerance can 
be provoked in adults if the immunologi­
cal system is depressed by chemical or 
X-ray treatment before foreign tissue is 
introduced [see "The Transplantation 
of the Kidney," by John P. Merrill; 
SCIENTIFIC AMERICAN, October, 1959]. 

Under certain circumstances the 
body's self-recognition fails. It then de­
velops hypersensitivity to one or another 
of its own tissues, with consequent in­
jury and destruction to that tissue. Such 
autosensitization can be of either the im­
mediate or the delayed type. It may be 
provoked by antigens liberated from the 
body's own tissue cells. In some instances 
these antigens may be so well "shel­
tered," by their usual residence within 
cells or organs, from the body's antibody­
making system that they are genuinely 
foreign to this system. This seems to be 
true, for example, of nuclear substances, 
of physiologically isolated eye sub­
stances and of thyroid-gland proteins. 
On the other hand the tissues may be 
damaged in such a way as to alter their 
normal antigenic character by which the 
body's immunological system recognizes 
them. Sensitization may also be pro­
voked by antigens of foreign tissues that 
are similar to but not identical with those 
of the tissues subsequently affected by 
the allergy: mammalian tissues upon 
which viruses for human vaccination are 
cultured might be a source of such 
antigens when they are injected inad­
vertently along with the virus suspen­
sion. Thus antibodies directed against 
antigens closely similar to normal cel­
lular constituents of the body can cross­
react with and injure the normal tissues. 
It is thought that rheumatoid arthritis 
develops when streptococci, which have 
a special affinity for joint tissue, remain 
in the joints long enough for antibodies 
against the combination of joint tissue 
and streptococci to form; these antibod­
ies then cross-react with and damage 
normal joint tissue. 

Some types of induced autosensitivity 
in experimental animals resemble 

certain diseases in human beings. One of 
these experimental diseases seems to be 
closely related to multiple sclerosis and 
similar degenerative nerve-tissue afflic­
tions in man. In multiple sclerosis por­
tions of the nervous system are de­
stroyed, rendering useless the muscles 
controlled by those nerves. This grave 
disease may rapidly reduce someone in 

1, HOURS 

NERVE DEGENERATION disease that 

mimics multiple sclerosis is produced ex­

perimentally by injecting a guinea pig with 
brain tissue from another guinea pig (top) . 

A skin test with the same material (second 

from top) produces an inflammation 

(hatched area) typical of delayed hyper. 

sensitivity (third from top). The antibodies 

of the allergy evidently attack the animal's 

own nerve cells. The animal loses control 

of its muscles and finally dies (bottom). 

137 

© 1960 SCIENTIFIC AMERICAN, INC



To seal a letter laster-and speed 
the postman, too . . .  rely on 

A small but vital felt wick ... and a colorful embroidered 

Felt 
felt shoulder patch ... help to bring the mail to your door. Both are made 

of A+ Felt. Moisture applicators in postage meters are precision-engineered felt wicks, 
specially designed to deliver exactly the right amount of water to the envelope flap. 

American Felt also contributes to supplying the decorative felt base 
for postal uniform shoulder insignia ... an attractive symbol 

of post office speed and service. Send us your design problem, no matter how complex. 
Our Engineers will follow through promptly. 

Write for this fRff informative 
brochure, describing some 

of the many possibilities 
of A+ Felt as a 

design and engineering material. 
AMERICAN FELT ABSORBS, SEALS, INSULATES, 
fiLTERS, CUSHIONS, POLISHES AND DECORATES 

Your future depends in part upon the direction in which your com­

pany is moving. At Metals & Controls, a Division of Texas Instruments, 

net sales and assets have more than doubled in a decade! Growth is a 
reality here - not a goal. 

We have immediate openings for qualified Design Engineers, Proc­

ess Engineers, Development Engineers, and Sales Engineers. Excellent 

starting salaries, relocation expenses and liberal employee benefits. 4r.For further information, write Mr. Thomas M. Fowler. 

TEXAS INSTRUMENTS INC. 

METALS & CONTROLS DIVISION 
® 34 FOREST STREET • ATTLEBORO, MASSACHUSETTS 
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the prime of life to a veritable vegetable. 
The nearest experimental counterpart 

of this disease, called experimental aller­
gic encephalomyelitis, or EAE, is pro­
voked by injecting a guinea pig with a 
homogenate of another guinea pig's 
brain or of a portion of its own brain, 
along with tubercle bacilli (for the po­
tentiating lipid that they contain) in 
water-in-oil emulsion. Two or three 
weeks later the animal begins to lose its 
ability to balance, and before long its 
hind legs, and sometimes all four of its 
legs, become useless hanging appen­
dages. Sometimes slowly, sometimes 
rapidly, the animal wastes away and 
dies; occasionally it recovers. Other spe­
cies can be made to develop the disease, 
but not always with equal facility. 

In many instances antibodies to nerve 
tissue can be detected in the blood 
serum, but these antibodies (apparently 
indicative of an immediate hypersensi­
tivity) are not present in all cases and 
sometimes show up in measurable quan­
tities in animals that never develop the 
illness. If serum containing the anti­
bodies is transferred from an affiicted 
animal to a healthy animal, the recipient 
is not harmed. If the circulatory systems 
of a normal and a hypersensitized animal 
are surgically connected, however, the 
disease is transmitted to the normal ani­
mal. This suggests that it is the white 
blood cells that carry the damaging anti­
bodies, in accord with the established 
mechanism of delayed hypersensitivity. 
Moreover, the animal affiicted with EAE 
gives a delayed type of reaction to a 
skin test with nerve tissue. 

The damage to nerve tissue in EAE is 
similar to that in multiple sclerosis. It 
also closely resembles that seen in the 
type of encephalomyelitis which some­
times follows vaccination with viruses 
grown in nerve tissue. If some of the ani­
mal nerve tissue is inadvertently injected 
along with the vaccine, the vaccinated 
person becomes sensitized to it and, as 
in EAE, his antibodies may then cross­
react with and destroy his own nerve 
tissue. This has been a particular hazard 
of immunization against rabies, because 
the virus used in the vaccine is grown in 
rabbit spinal-cord or brain. 

Unfortunately, despite intensive ex­
perimentation on EAE and similar dis­
eases in many laboratories, no way has 
yet been found to help those people who 
develop delayed hypersensitivity to their 
own tissues. A tremendous amount of re­
search still is required to achieve an un­
derstanding of, and eventually to con­
trol, the phenomenon of delayed hyper­
sensitivity, but the rewards should be 
almost unimaginably great. 
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An iInproved, new fibn with proven benefits as an adhesive s e p arator. 

Polyfilm, embossed polyethylene film by Bobeckmun is being widely used as a 

separation stock for highly adhesive rolls of "Camelback" rubber used in the 

tire recapping process. Its consistent quality protects the adhesion strength of 

the rubber yet releases quickly and smoothly in production. Its double gloss 
surface and uniformity of gauge guarantees faster, easier running and more 

economical yield. Polyfilm from Dobeckmun is ideally suited as a separator 

stock for many highly adhesive materials. And Dobeckmun will work with 
you in developing the best possible application and process techniques. Write 

for detailed information. THE DOBECKMUN COMPANY 
A Division of The Dow Chemical Company. Cleveland 1. Ohio • Berkeley 10. Calitornia • Offices in most princij)al cw-.s. 
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NOW ! A NEW CONCEPT 
IN  COM PUTER DESIG N  

SETS A N EW STANDARD 
OF  VERSATI LITY AND VALUE ! 

THE FU LLY-TRANSISTORIZED 

RPC-4000 
ELECTRON I C  

. COMPUTING 
SYSTEM 
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The RPC-4000 is a new, full v-transistorized electronic 
computing system with the 

·
largest memory, greatest 

problem-solving capacity and flexibility in the low- or 
medium-priced field. It is the latest member of a grow­
ing family from the people whose LGP-30 has become 
the world's leading small-scale computer. 

Wide range of applications : the RPC-4000 has been de­
signed for engineering, scientific, business data process­
ing and management control functions. Such jobs as 
product and process design, statistical analysis, research, 
inventory control, payroll and sales analysis are all well 
within its capabilities. 

Easy to use : the RPC-4000 is simple to program and 
operate. Royal McBee compiling and translating routines 
allow even non-technical personnel to obtain maximum 
results. Versatile command structure gives programming 
speed and flexibility. 

Available at low cost : high capacity, flexibility and ease 
of operation make the RPC-4000 the outstanding com­
puter value on the market today. 

Minimum operating costs : the RPC-4000 requires no site 
preparation or special maintenance. It is powered from 
any ordinary wall outlet. 

Continuing assistance : users benefit from free training, 
an information exchange service, and library of programs. 

Heart of the RPC-4000 system is 
a new transistorized computer with 
advanced design concepts that pro­
vide substantial computing speed 
and capacity in a low-cost unit. 
Magnetic memory drum stores 8008 
words. Operating speeds are as 
high as 230,000/minute. 

Standard input-output is a tape 
typewriter system which includes a 
Royal electric encoding - decoding 
typewriter complete with desk and 
chair, plus a tape punch-read con­
sole. Read speed is 60 characters/ 
sec . ,  punch speed 30 characters/ 
sec. Typewriter, punch and reader 
may be interconnected in any com­
bination for both on-line and off­
line operations. 

A new 500 character/sec. photo­
electric tape reader and a 300 
character/sec. punch are available 
as optional input-output equip­
ment. A magnetic tape unit and a 
line printer will be available soon. 
As many as 17 input-output devices 
( 60 with minor modification ) may 
be connected on-line to the basic 
system. All peripheral equipment 
is under automatic program con­
trol of the computer. 

R o y a l  P r ec i s i o n  C o r p o rat i o n  

Royal Precision i s  jointly owned b y  the Royal McBee and 
General Precision Equipment Corporations. RPC-4000 sales 
and service are available coast-to-coast, in Canada and abroad 
through Royal McBee Data Processing Offices. For full, de­
tailed specifications on the new, transistorized RPC-4000, write 

R O Y  A L M C B E E  data process i n g  div is ion,  Port C h ester, N. Y. 
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Radiation and the Human Cell 

The exposure of single human cells to X-raxs indicates that theX arc 

fa r 7Twre sensiti(Je to radiation than had been thought. This explains 
whX the relativelx small dose of 400 roentgens is lethal to the bodX 

E
ver since the discovery of X-rays 

by Wilhelm Konrad Roentgen in 
1895, man has been exposed to 

steadily increasing doses of high-energy 
radiation. Beyond their well-established 
ft:nctions in medicine, these radiations 
have been finding progressively wider 
use in agricultural and industrial re­
search and in industrial processes. But 
the great energy that makes them so 
useful also makes them a hazard to living 
organisms. They are frequently called 
"ionizing" radiations because they strip 
electrons from (that is, ionize) atoms 
and thus break chemical bonds. The 
large and elaborately structured mole­
cules of the living cell appear to be 
especially sensitive to damage by radia-

• 
• 

. .. 
• • 

•• 
• •• 

• 

by Theodore T. Puck 

tion. Such damage may find expression 
in gross harm and death to the organism 
exposed, or it may be transmitted as a 
hereditary defect to the offspring. Such 
a defect may not be revealed until the 
appropriate mating occurs, an event that 
may not take place for many generations. 

A major objective of investigation into 
the biological action of ionizing radia­
tion has been to determine the primary 
site of radiation damage in the cell. In 
the case of hereditary defects, i.e., those 
transmitted to the progeny, it seemed 
logical to look to the genetic structures: 
the genes and chromosomes and their at­
tendant apparatus, which are localized 
in the nucleus. But in the case of patho­
logical damage to the irradiated organ-
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ism itself, the picture was not so cIear­
cut. Ionizing radiation will disrupt any 
chemical bond in any molecule of any 
cell that happens to absorb energy from 
an incident ray. Injuries as diverse as a 
drop in the level of white cells in the 
blood; severe skin damage; ulcerating, 
nonhealing wounds; loss of hair; gastro­
intestinal disturbance; internal bleeding 
due to capillary fragility; cancer; 
death-all follow as recognized conse­
quences of the exposure of mammalian 
organisms to large doses of radiation. 
No readily recognizable target site with­
in the individual cells has been demon­
strated to be the seat of all these actions. 
Some investigators have postulated the 
nucleus to be the principal sensitive re-

REPRODUCTIVE DEATH in human·tissue cells caused by ioniz· 

ing radiation is demonstrated by single·cell culture technique. 

Spots in culture plate at left, shown roughly actual size, are colo· 

nies grown from unirradiated control cells. Smaller number of 

colonies grown from equal number of cells that had been exposed 

to radiation (right) shows how percentage surviving is measured. 
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gIon, while others have held that the 
basic cellular damage might just as well 
occur in the structures outside the micle­
us, that is, in the cytoplasm, the principal 
seat of the cell's nonhereditary physio­
logical functions. The issue has been an 
important one in radiation biology, be­
cause a great many other questions have 
awaited its resolution. A finding that the 
cell nucleus is an important site of dam­
age would afford new insight into the 
role of the nucleus in the maintenance 
of normal function in the body cells of 
humans and other mammals. It would 
also indicate the dose range at which 
genetic damage might be expected to 
occur. 

A ray of high-energy radiation, strik-
ing an atom, may knock an electron 

from a shell of electrons close to the 
atomic nucleus or from the outermost 
shell of electrons. The effect on the tar­
get atom, however, is the same in the 
end. Any hole in an inner shell is quickly 
filled by electrons falling inward from 
outer shells until the deficiency is trans­
ferred to the outermost shell. Since this 
shell contains the valence electrons that 
establish the chemical bonds between 
the atoms in a molecule, the loss of an 
electron here disrupts the dynamic bal­
ance of forces that holds the molecule 
together. The molecular fragments, pro­
duced by the absorption of energy far 
exceeding that of ordinary chemical 
bonds, are chemically unsatisfied. They 
will attack almost any molecule with 
which they collide in an attempt to re­
gain the lost electron and achieve new 
stable bonds. The process goes on until 
all the excited atoms have attained a 

lower energy-state. In such a simple sub­
stance as water the bonds are re-estab­
lished in the stable configuration H20, 
and all the absorbed energy is converted 
into heat. Thus there is no permanent 
change in chemical constitution. A more 
complex system, such as that represented 
by a living cell, is not in its lowest possi­
ble energy-state initially and possesses 
countless alternative atomic combina­
tions with similar energy states. These 
configurations, most of which are in­
compatible with normal life processes, 
are usually excluded by the existen

'
ce of 

energy barriers. Absorption of high-en­
ergy radiation causes these barriers to 
be surmounted so that the system comes 
to rest with new chemical bonds estab­
lished. As a result the chemical consti­
tution of the system is changed by 
the exposure to radiation; the chemical 
bonds, broken at random, have been re­
constituted in new and bizarre combina-

, J .. 

", . . 
• 
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BREAKS IN CHROMOSOMES of human·tissue cells caused by radiation are marked by 

arrows in two lower photomicrographs. Chromosomes from an unirradiated control cell 

(top) show no breaks; two breaks are marked in chromosomes from cell irradiated with 50 
roentgens (middle) and five breaks are marked in chromosomes from cell exposed to 75 
roentgens (bottom). The photomicrographs on this and next page were made by the author. 
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ABNORMAL RECOMBINATIONS that result when several chromosomes are simultane· 

ously broken in the same cell indicate random nature of the healing process. Arrows in 

photomicrograph at top show recombination of several chromosomes (center of photomicro. 
graph) and linkage of two chromosomes at two points (upper left in photomicrograph). 
In middle photomicrograph arrows point to rings formed by recombination of broken 

ends of the same chromosome. In bottom photomicrograph the arrow points to an aberra· 

tion involving union of two broken arms of one chromosome and of one break in another. 
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tions. Since the cell is made up to a 

large degree of giant molecules whose 
architecture is vital to their function, the 
rupture of a few bonds may have far­
reaching consequences . 

The earliest studies of non mammalian 
cells had indicated that the nucleus is 
far more sensitive to radiation than is 
the cytoplasm. In the cells of the corn 
plant and the fruit fly, biologists could 
observe such aberrations as the breakage 
of chromosomes, the fusion of broken 
ends of chromosomes that were not pre­
viously joined and the deletion of large 
areas of chromosome structure. Even 
where no such obvious damage could be 
seen, the investigators could demon­
strate single-gene mutations by appro­
priate tests of the progeny. Many of 
these changes result in the ultimate loss 
of reproductive capacity, even though 
the cell may multiply for a few genera­
tions after irradiation. Investigators also 
found that the lethality of chromosomal 
damage depends upon a variety of fac­
tors: the total number of chromosomes, 
the number of duplicate chromosomes, 
the number of genes essential to repro­
duction and the degree to which the 
function of a given gene involves its as­
sociation with particular neighbors. 

Because the same pattern of chromo­
somal damage· and effects upon function 
was observed in many different kinds of 
organism, a number of workers, includ­
ing the distinguished geneticist H. J. 
Muller, postulated that like processes 
underlie the action of ionizing radiations 
upon mammals as well. In their view 
damage to the reproductive power of in­
dividual body-cells would explain many 
of the pathological symptoms observed 
in mammals exposed to radiation. 

Against this conclusion, however, 
there stood some significant evidence 
that at first appeared convincing. The 
dose of radiation needed to destroy the 
reproductive capacity of certain cells, 
such as yeast and the common bacterium 
Escherichia coli, could be accurately 
measured; it was found to lie in the 
range of 5,000 to 15,000 roentgens. The 
paramecium, a protozoon that in many 
ways resembles human-tissue cells more 
closely, showed even greater resistance 
to exposure: radiation in the range from 
20,000 to 100,000 roentgens was re­
quired to bring about reproductive 
death. In contrast, the mean lethal dose 
for whole-body radiation in man is only 
about 400 roentgens. It did not seem 
likely that the pathological consequences 
of radiation exposure in man could be at­
tributed to reproductive death in human­
tissue cells, such as that observed in one­
celled organisms. Irradiation of human 
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and other mammalian cells seeded in 
large numbers in tissue cultures seemed 
to settle the question. These experirnents 
showed that doses in the neighborhood 
of a few hundred roentgens apparently 
produced no more than a temporary lag 
in growth; doses of 10,000 to 100,000 
roentgens were required to achieve 
permanent inhibition of cellular repro­
duction by these techniques. 

Many investigators accordingly turned 
to other parts of the cellular machinery 
in the search for the site most sensitive 
to radiation in mammalian cells. They 
tested the effect of radiation on many 
systems of enzymes-the large molecules 
that catalyze the chemical reactions of 
the cell-and demonstrated the existence 
of many new kinds of radiation damage. 
But none of these easily fitted the speci­
fications of a truly primary site. In sum­
ming up the work on the effects of radia­
tion upon the chemical mechanisms of 
the cell in 1958, the United Nations 
Subcommittee on the Effects of Atomic 
Radiation concluded: "The nature of the 
initial step of radiation damage remains 
to be determined." 

Meanwhile our group in the biophys-
ics laboratory at the University of 

Colorado was making progress in the 
development of a new technique for 
mammalian tissue-culture, a line of in­
vestigation ,we had undertaken in 1955. 
From each cell in a sample of tissue cells, 
added to nutrient medium in a glass 
dish, we learned to culture a large iso­
lated colony of daughter cells that could 
easily be recognized and counted [see 
"Single Human Cells in Vitro," by Theo­
dore T. Puck; SCIENTIFIC AMERICAN, 
August, 1957J. This technique has made 
it possible to measure with great accu­
racy the effect of radiation upon the 
reproductive capacity of a single cell. 
From a "clone," or colony, of, cells cul­
tured from an original single cell we 
take a sample for irradiation. We then 
seed the plates with the irradiated cells 
and with a sample of unirradiated cells 
as a control. By counting the colonies 
that grow from the two samples we find 
the percentage of the cell population 
that has lost its ability to reproduce. 

This procedure separates the effect 
of a lag in the rate of reproduction, 
which is often induced by radiation, 
from the irreversible cessation of repro­
duction in a given cell. In an ordinary 
tissue-culture containing a mass of cells 
the two effects cannot be distinguished, 
and the recovery of reproductive capac­
ity by some cells masks the reproductive 
death of others. In addition, our tech­
nique has made it possible to detect 

What's new in CRYOGENICS 
. • .  an Informal report from da � 

... INCORPORATED 

Electronics revolution at absolute zero? 
Latest impact on electronics is being 
made by newly-available refrigeration 
systems that use cryogenic fluids to 
maintain temperatures near absolute 
zero. Why the hot interest in cold 
temperature? One reason is that it 
creates a new science-cryogenic elec­
tronics-with potenti'al applications 
that stretch the imagination. A more 
immediate motive is to solve detection 
and measuring problems associated 
with infrared rays and microwaves, by 
applying ultra-low temperatures to 
many solid-stale devices. 

Infrared detectors, for example, give 
us a measurable change, in electrical 
ou tpu t related to the energy they 
absorb. Troubleis, detectors are myopic 
at normal temperatures . . . have 
limited range of sensitivity that can 
be broadened at cryogenic tempera­
tures. Cooling to -321°F (with liquid 
nitrogen) or to -423°F (with liquid 
hydrogen), depending on the detector 
material, gives more usable sensitivity. 

Microwave amplifiers-happily called 
Masers in lieu of "microwave amplifi­
cation by stimulated emission of radia­
tion"-are another case in point. 
These solid-state devices, cooled with 
liquid helium to about 4°K (-453°F), 
provide the low noise level that lets 
our radio telescopes see much fu nher 
in to space than before. 

Airborne detectors get Lillij:)utian 
refrigerators 
Ask a cryogenic engineer how to main-

. tain -321°F and he'll probably say, 
"get some liquid nitrogen." But it gets 
tougher when you can't keep renewing 
coolant supply. You have to compress 
the nitrogen to 1000 psia or higher, 
liquefy it by expanding it isenthalpi­
cally, use the liquid for cooling and 
return it to the compressor. And the 
complete airborne cooling system can 
weigh no more than abou.t 1.5 pounds 
and occu.py less than 73 cubic loot 
o/space. 

You can get an idea of the microscopic 
dimensions involved from this photo 
of coiled, finned tubing we make for 

one of our miniature heat exchangers. 
The finished exchanger (or minicooler) 
with the detector mounted at the cold 
spot, fits into a container (or dewar). 
As a matter of semantic interest" thi£ 
assembled unit is called a cryostat. 

Quick review of cur ren t systems 
The system we've been talking about 
is of the closed variety, meaning 
simply that the coolant is continuously 
re-circulated. Completely self-con­
tained, such systems are adaptable to 
airborne, shipboard, submarine, ground­
based and laboratory applications. For 
extremely low temperatures, two 01' 
lhree fluids are cascaded. Open systems 
are just as _effective, but because they 
need a steady supply of coolant or 
gas are used for relatively short duty 
cycles. 

Applications? The door is open­
parametric amplifiers; superconductive 
circui ts, swi tches and compu ter 
memories; image tubes; special tran­
sistor j obs that call for improved per­
formance; perhaps detectors and 
amplifiers for energies we ha\"en't yet 
discovered. We'll keep you posted as 
things develop. Further information 
on these systems is available on 
written request. Air Products, Inc_, 
Allentown, Pa_ 

District Offices: Boston, Mass . •  Dayton, Ohio. Los Angeles, Calif. 

Orlando, Florida. Washington, D. C. 
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individual mutant cells. We can thus 
measure the mutation-inducing effect of 
given doses of radiation upon human 
and other mammalian cells. Tested in 
this fashion, human-tissue cells from a 
wide variety of normal organs have 
shown survival curves of a simple type. 

Determination of many such curves 
shows that the lethal dose for reproduc­
tion in human-tissue cells is only 50 
roentgens. This figure is obviously far 
smaller than those indicated by experi­
ments that measured outgrowth from 
larger chunks of tissue. What this find­
ing means is that a human cell exposed 
to X-rays suffers reproductive death 
when it has absorbed from the X-ray 
beam an amount of energy equivalent t� 
a temperature rise of less than .001 
degree centigrade. Cells with an ab­
normally large number of chromosomes, 
such as turn up occasionally in tissue 
cultures, proved to be about twice as 
resistant to X-rays, but they were still 
extremely susceptible to doses hitherto 
considered quite small [see illustration 
on page 150]. 

These experiments have also yielded 
a variety of different lines of evidence 
indicating that damage to the genetic 
apparatus, specifically the chromosomes, 

occurs at sufficiently low doses to ac­
count for the destruction of reproductive 
capacity in the cells. Even the more in­
direct evidence is persuasive. For ex­
ample, if the damage is done in the nu­
cleus rather than in the cytoplasm, one 
would expect the cells that survived ex­
posure to a lethal dose to bear evidence 
of this experience in the form of muta­
tions. Colonies grown from such surviv­
ors frequently do show changes in their 
appearance and nutritional requirements 
which are transmitted to succeeding 
generations like other genetic character­
istics. Similarly, except for the few cells 
actually dividing, chromosome damage 
should be relatively constant for a given 
dose of radiation; on the other hand, 
damage inflicted upon the phYSiological 
mechanisms in the cytoplasm might vary 
greatly, depending on the metabolic ac­
tivity of the cells. When we cultured 
cells from colonies that had been irradi­
ated under conditions of maximal growth 
and of no growth, we found practically 
identical X-ray survival curves. 

I n contrast to the great sensitivity of the 
genetic apparatus of mammalian 

cells, other cell structures have been 
found to be much more resistant to radi-

ation. These studies, carried on in many 
laboratories, have demonstrated radia­
tion damage to a large number of cellu­
lar enzyme systems. In every case the 
necessary X-ray dose was larger than the 
chromosome-damaging dose, except of 
course in functions dependent on chro­
mosomal integrity. Cells irradiated with 
a dose 10 or 100 times that required to 
destroy their reproductive capacity can 
still carry on many metabolic functions. 
They can take in sugars and utilize their 
stored chemical energy, synthesize spe­
cific proteins and nucleic acids, and take 
up substances from their culture medium 
in a fashion virtually identical with that 
of an unirradiated cell. Cello in this con­
dition may become giants, reaching a 
diameter as great as a millimeter when 
adhering to a glass plate, and so are 
readily visible to the naked eye [top il­
lustration on page 148]. A reproductive­
ly dead, but metabolically alive, cell can 
be infected with a virus, and it will 
proceed to synthesize large numbers of 
virus particles. The production of these 
intricate particles with their vast num­
ber of specific chemical bonds certainly 
requires the active functioning of a great 
deal of the cell's chemical machinery. 
Large regions of the cell's nongenetic 

MUTATION OF CELLS, induced by irradiation, is indicated by 

the appearance of large "monster" cells in colony at right, as com· 

pared to cells grown from unirradiated cell in the colony at left. 

The cells are from a standard He La strain of human cancer tissue. 
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Before specif y ing a low-cost com p uter, ask yourself this ques tion: 

"Will the computer be adequate for the future, as well as for our present 
computing needs?" 

With the Bendix G-15 you don't have to worry about out-growing your com­

puter for years to come. Start with the basic G-15. It comes with every basic 

element you need ... an alphanumeric typewriter, a paper tape punch, and a 

high-speed photoelectric tape reader. Then, as your computing needs grow and 

vary, expand your system by selecting from the complete line of accessories 

illustra ted above. Sale or rental prices are extremely low, and performance 

compares favorably with systems priced many times higher. Write for details. 
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SINGLE GIANT CELLS, shown here at a magnification of only two diameters, demon­

strate reproductive death from irradiation. The metaholic processes of the cells continue 

despite destruction of reproductive capacity; the cells become giants instead of dividing. 

r: . . � . .  � 
, ... � , 

COLONY OF CELLS grown from single-cell survivor of irradiation is here contrasted with 

radiation-inactivated cells, surrounding the periphery of the colony, which are forming 

giants. The diameters of some giant cells approach a third the diameter of entire colony. 
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apparatus must remain in working order. 
Until recently it would have been dif­

ficult to go beyond this indirect evi­
dence. The numerous small chromo­
somes in mammalian cells do not lend 
themselves to inspection so readily as 
those in other forms of life; thus it was 
not possible to correlate the effects of 
radiation with observed damage to these 
vital structures. New techniques have 
been contributed by several investi­
gators, including T. C. Hsu of the Uni­
versity of Texas and J. H. Tjio in our 
laboratory, which have made it possible 
to delineate the chromosomes of mam­
malian cells. When the cells are placed 
in a salt solution whose osmotic pressure 
is lower than that of the cellular fluid, 
they swell to many times their normal 
size, so that the chromosomes become 
separated from one another and show 
up handsomely after staining. In cells 
that have been irradiated by doses in 
the range of 50 roentgens the chromo­
somal damage thus made visible appears 
sufficient to account for their reproduc­
tive death. As nearly as present experi­
ments can determine the extent of pri­
mary damage observed varies directly 
with the dosage. 

Since the chromosomes possess power 
of self-repair, the number of breaks ob­
served also depends upon the time in­
terval between the irradiation and the 
treatmen t of the cell for inspection of its 
chromosomes. The mechanism of this 
exceedingly important restitution proc­
ess is now being thoroughly explored by 
a number of workers, particularly by 
Sheldon Wolff of the Oak Ridge Na­
tional Laboratory. If the two ends of 
a broken chromosome rejoin, there may 
remain no visible evidence of the dam­
age, although a gene at the site of the 
break conceivably might have suffered 
mutation. When more than one chromo­
some is broken, however, the chances 
are appreciable that the ends of differ­
ent chromosomes will make connections 
with one another. Some of these abnor­
mal junctions are recognizable under the 
microscope. Moreover, some of them 
may cause reproductive death of the 
cell. For example, the two centromeres 
that are supposed to separate the repli­
cated chromosomes from one another 
during cell division may become joined 
to the two ends of a single chromo­
some. They will then pull the two 
ends to the opposite poles of the cell, 
producing a chromosomal bridge that 
prevents completion of the process of 
division. Even if the reproductive capac­
ity survives, the random nature of the 
radiation process may introduce muta-
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No man-made memory device has . 
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The closest approximation is LFE's 
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tions in the genes that happen to be 
located at the site of the breaks. Still 
other genetic changes will reflect the 
subtle working of the so-called position 
effect, which modifies a gene's poten­
tiality when it becomes juxtaposed to 
different neighboring genes on the chro­
mosome. 

Careful counting of the chromosomal 
breaks has shown that the dose needed 
to cause a single break per cell is only 
about 40 roentgens. This figure, how­
ever, includes a discount for the healing 
of breaks, since the counting is ordinarily 
done two or three days after irradiation. 
If the breaks are scored immediately 
after irradiation, the average dose need­
ed to produce one break per cell falls to 
20 to 25 roentgens. This figure shows 
that significant chromosomal changes 
follow doses well within the lethal limit. 

The genetic apparatus thus shows ex­
traordinary sensitivity to radiation. Cal­
culation indicates that the ionization of 
not more than a few hundred atoms 
within or around the space occupied by 
the chromosome may be sufficient to pro­
duce a visible break. It seems probable 
that an even greater number of lesions 
may occur and remain invisible, either 
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because they are submicroscopic or be­
cause they become resealed before they 
are examined. The biochemical nature 
of this reaction, resulting from so small 
an initiating stimulus, will afford a fas­
cinating area of investigation. 

H ow well do these experiments, per-
formed in laboratory glassware, re­

flect events that occur in intact human 
tissue under irradiation? Several lines of 
experimentation indicate that the in 
vitro model is useful for understanding 
at least some events in vivo. H. B. 
Hewitt and C. W. Wilson of the West­
minster Hospital in London have studied 
the X-ray survival curves of leukemia 
cells in mice. They irradiate leukemic 
animals and then test the capacity of 
cells from these animals to induce leu­
kemia in other mice. This is a reliable 
test, because a single cell from an un­
irradiated animal suffices to carry the 
disease to a new animal. The survival 
curve for single irradiated cells estab­
lished by this experiment corresponds 
closely to the curve for single cells grow­
ing in tissue culture. 

Perhaps an even more striking dem­
onstration is afforded by the results of 

.001'- -, -�- --.- , ............ _, ____ ,_ .................. L. ... _� __ .L. .... _ __ � ____ L. ...•.. _ ,  __ � ____ ,_ • .  J 
100 200 300 400 

DOSE (ROENTGENS) 
500 600 

SURVIVAL CURVE for human cells originating from the standard BeLa cancer·cell strain 

shows correlation bet ween exposure to radiation and reproductive death in the cells. Cells 

from normal human tissue show same curve but a somewhat higher sensitivity to radiation. 
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Opportunities for 
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Bloomfield, Conn. - Air Force established new world record 

by flying the H43-B Huskie turbine helicopter to 30,100 ft. 

Edwards AFB, Calif. - Air Force established new world 
record by flying the F -106 over an 18 km course 
twice, averaging 1,525.9 mph. 

Stability augmentation from Nortronics steadies both of these 
record-setting vehicles. In missiles - the Navy Terrier and 

Tartar, the Army Nike-Zeus; and in submarines - the Polaris 
class, Nortronics, Precision Products Department 

supplies gyros fundamental to accurate positioning and control. 

The Precision Products Department (formerly 
American-Standard, Military Products Division) is responsible 

for the Polaris Type 11 Periscope System for navigating 
submerged, and the submarine Radiometric Sextant for 

"shooting the sun" in poor visibility. 

Winning this degree of acceptance has created new 
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applications engineering. Nortronics, Precision Products 

Department, Norwood, Massachusetts. 
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an experiment involving a situation in 
the living organism that closely resem­
bles that in the tissue-culture experi­
ments. This is the fertilized egg, a single 
cell whose history can be readily traced 
following an episode of irradiation. At 
the Oak Ridge National Laboratory 
W. L. Russell and his wife Liane Brauch 
Russell have exposed female mice to a 
standard dose of 200 roentgens soon 
after mating, while the egg is still pre­
sumably in the one-celled stage. Only 
20 per cent of the embryos survived; 
this finding agrees well with the figure 
predicted from experiments with single­
cell cultures. When irradiation occurred 
at later, multicelled stages of develop­
ment, the survival rate increased, reflect­
ing the capacity of the uninjured cells to 
replace those destroyed. 

With the new measurement of the 
mean lethal dose for reproductive func­
tion of mammalian cells it is now possi­
ble to explain the relatively low mean 
lethal dose of 400 to 500 roentgens for 
the entire body. Such a dose leaves only 
about .5 per cent of the body's repro­
ducing cells still able to multiply. Death, 
however, will not be immediate. The 
cells have each absorbed an almost in­
finitesimal amount of radiation energy. 
Though they have suffered an appre­
ciable amount of chromosomal damage, 
their enzymatic machinery is, by and 
large, still active. Each such cell con­
tinues to perform its physiological func­
tions in reasonably normal fashion until 
the time comes for it to reproduce. But at 
the next division, or at the next one or 
two divisions, reproduction will fail. One 
of the most characteristic features of ra­
diation injury is thus explained: the rela­
tively long lag that usually occurs be­
tween even severe irradiation and the 
development of pathological symptoms. 

The same line of reasoning helps ex­
plain some aspects of the typical course 
of radiation disease. One would deduce 
that the tissue functions first em bar­
rassed are those most dependent upon 
rapid cell-multiplication. This is indeed 
the case, as is observed in the well­
known generalization that the most rap­
idly dividing cells of the body are the 
most sensitive to radiation. Our experi­
ments suggest, however, that exposure 
to X-rays may distribute chromosomal 
damage quite impartially among all cell 
types. The damage merely shows up 
first in those tissues that multiply most 
rapidly. Thus genetic damage to cells 
can cause physiologic damage to the en­
tire organism through failure of func­
tions requiring steady cell-multiplication. 

Since the blood-ceIl-forming tissues of 
the bone marrow have the highest nor-

mal rate of division, the first symptom 
of whole-body irradiation in the lethal 
range is usually a depression in the white 
blood-cell count. Experimental animals 
that have suffered such exposure can 
often be saved if new, viable bone-mar­
row cells are injected into them. The 
new cells will colonize the bone marrow 
and restore the necessary rate of cell 
production. But the dose given may be 
high enough to stop the reproduction of 
so many cells in other more slowly re­
producing tissues that the survivors may 
not be able to restore the needed num­
bers in time to maintain physiological 
function. The injection of marrow will 
no longer save the animal. 

In experiments with frogs Harvey M. 
Patt and his associates at the Argonne 
National Laboratory have found that a 
reduction in the body temperature of 
the animals will delay the onset of the 
symptoms of radiation disease. This is 
quite understandable in light of present 
knowledge. At lower temperatures both 
the rate of cell division and the body's 
normal dependence upon it are de­
pressed. The damage remains latent 
even in tissues that multiply rapidly. 
Upon restoration of normal body tem­
perature the usual sequence of events re­
sumes, and the symptoms of radiation 
damage manifest themselves. 

'[he new picture of radiation damage 
thus locates its primary site in the 

genetic apparatus and shows that the 
damage consists in the destruction of 
the capacity to reproduce in some cells 
and the induction of mutations in others. 
On this basis a great many otherwise 
inexplicable phenomena have become 
understandable. However, much still re­
mains to be learned. The factors that 
govern the healing of chromosome 
breaks and the degree to which these 
may differ in different cell types are still 
largely unknown; the biochemistry of 
this process will contribute much to fun­
damental understanding and to the more 
effective use of X-rays in the treatment 
of cancer. The study of the effect of 
chromosomal damage upon metabolic 
activities will illuminate niany aspects of 
the complex mechanisms by which the 
genetic apparatus regulates the physi­
ology of the cell. Single-cell techniques 
also offer promise in exploration of pos­
sible radiation damage to extranuclear 
cell structures. Finally these techniques 
permit accurate measurement of muta­
tion rates in body cells, and so should 
contribute to unraveling the difficult 
problems involved in setting permissible 
levels of human exposure to ionizing 
radiation and other mutagenic agents. 
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X-ray photograph (here enlarged 3 times) of magnetic clutch manufaclured by Dynamic Instrument Corp., 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. Write to: E. I. du Pont 
de Nemours & Co. (Inc.), Polychemicals Department, 
Room T394, Du Pont Building, Wilmington 98, DeL 
In Canada: Du Pont of Canada Limited, Box 660, 
Montreal, Quebec, 

<® PO� !�O!:!:-NC?.��r 

TEFLON is Du Pont's registered trademark for its family of 
fluorocarbon resins, ineluding TFE (tetrafilloroethylene) 
resins and FEP (fluorinated ethylene) resin. 

IIlG. u.s. pA.T.orf. 
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THE RISE OF A ZULU EMPIRE 

In 1816 Shaka, chief of the Zulus, began a series of conquests 

that eventually disrupted a third of Africa. The story of his 

brief and bloody reign is a case history in the sociology of \var 

Thou that art gTeat as the sky! 
Thou that art great as the eanh! 
,Thou that art great as the mountains! 
Thou that art black! 
Thou that an vast as the sea! 
Thou who growest while others are 

distracted! 

T
his is a translation of the chant of 
the Zulus in praise of Shaka, their 
warrior king. In 1824 a small party 

of English traders, seeking an audience 
\\;th Shaka, splashed ashore with their 
horses and supplies at Port Natal (now 

by Max Gluckman 

Durban) on the east coast of Africa. 
After his agents had repOlted them to be 
friendly, Shaka sent gifts of cattle and 
ivory and an ambassador to guide them 
to his capital. They traveled for two days, 
crossing rivers, acacia-covered grass­
lands and densely forested hills to reach 
the royal Bulawayo kraal, a ring of bee­
hive-shaped dwellings built around a 
central cattle enclosure two miles across 
[see illustration below]. 

Here is how one of the traders, Henry 
Fynn, described their reception at Bula­
wayo: "On entering the great cattle kraal 

we found drawn up within about 80,000 
natives in their war attire." After an ex­

change of speeches and gifts "Shaka 
then raised the stick in his hand and 
after striking with it right and left and 
springing out from amidst the chiefs, the 
whole mass broke from their position 
and formed up into regiments. Portions 
of these rushed to the river and the sur­
rounding hills, while the remainder, 
forming themselves into a circle, com­
menced dancing with Shaka in their 
midst. It was a most exciting scene, sur­
prising to us, who could not have im-

THE ZULU CAPITAL was the royal kraal, a ring of beehive-shaped 

thatched huts built around two central enclosures. This 19th·cen· 

tury engraving depicts the kraal of Dingane, Shaka's successor, 

which was built when the Zulu empire was at its zenith. The chieL 

hut is at upper left; the smaller huts belong to his many wives. 

Three kraals belonging to the chief's ministers are in the distance. 
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agined that a nation termed 'savages' 
could be so well disciplined. Regiments 
of girls, headed by officers of their own 
sex, then entered the center of the arena 
to the number of 8,000 to 10,000, each 
holding a slight staff in her hand. They 
joined in the dance, which continued 
for about two hours. Shaka now came 
toward us, evidently seeking our ap­
plause." 

Fynn and his companions were told 
that Shaka had built this disciplined na­
tion and army in less than 10 years after 
he became chief of a small tribe of about 
2,000 people. The kingdom he estab­
lished in Natal became so powerful that 
long after his death it engaged the Brit­
ish in a major war (the Anglo-Zulu war 
of 1879). Shaka's armies and the tribes 
fleeing them cut swaths of devastation 
through south and south-central Africa, 
and many of the fugitives were them­
selves destroved in their slaughtering 
flight. 

When Shaka defeated his major rival, 
the Ndwandwe chief Zwide, some of the 
vanquished Ndwandwes fled to the north 
and west. One of these tribes established 
its rule in what is now Mozambique and 
extorted tribute from the Portuguese 
trading stations on the Zambezi River. 
Others went farther inland, conquering 
and abso.rbing tribes along the way, and 
later split into the several Ngoni king­
doms of central Africa. A group of Ba­
suto tribes sought refuge 1,500 miles 
awav along tbe upper reaches of the 
Zambezi, where they conquered Barot­
seland and ruled it for 30 years. Mo­
shesh, chief of another Basuto tribe, 
gathered broken tribes around him in the 
mountainous region now known as Ba­
sutoland; in this stronghold they formed 
the powerful Basuto nation, which has 
recently taken an important step toward 
self-government. To the north the exam­
ple set by the Zulus led the Swazis to 
unite into a kingdom of their own that 
still survives. Swaziland, like Basuto­
land, is now a British protectorate, al­
though the Union of South Africa is cur­
rently demanding their annexation. 

\Vhat sort of man was this Shaka 
whose conquest disturbed a third 

of a continent? How was he able to weld 
hundreds of quarrelsome and fiercely in­
dependent small tribes into a mighty 
nation? A contemporary of Bonaparte, 
he has been called "the Black Napoleon" 
and "the African Attila." Even in schol­
arly works Shaka's exploits have been 
accounted for in terms of his genius as 
an organizer and military leader, his 
ruthless energy and his vision of empire. 
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That is no doubt part of the story. But 
his rise to power was probably also the 
result of tides that had been running 
in the life of the African peoples for two 
centuries: the rising population in the 
interior of Africa, the emigration from 
the interior that was crowding the pas­
ture lands of Natal, and the increasing 
contacts with European settlers and 
traders. Shaka's abrupt, brief and bloody 
appearance in history thus provides sig­
nificant inSights into the all too Iittle­
known history of the "Dark Continent." 

The evidence from which it is possi­
ble to reconstruct his career and its his­
torical setting comes from two sources. 
The first is native folklore, as recorded 
by the Englishmen who knew Shaka, 
and later by other whites. These stories 
can be cross-checked with those handed 
down in the folklore of peoples that fled 
from Natal and first came in contact with 
whites many decades later. \-\Then the 
traditions of several geographically sepa­
rated tribes agree, they are likely to be 
a faithful record of the facts. The other 
source of information is the journals of 
seamen shipwrecked on the coast of 
Natal from 1552 onward; their accounts 
shed light on the social and historical 
background of the tribes and provide a 

further check on the native folklore. 
Most historians agree that the Natal 

region remained relatively untouched 
throughout the millennium in which 
commerce with Asia brought flourishing 
cities into existence on the African coast 
farther to the north. From the fifth cen­
tury onward, at ports like Kilwa, Mom­
basa and Sofala [see map 011 page 160], 
merchants and traders from Arabia, Per­
sia, India and even China exchanged 
porcelain, crockery, beads and colored 
cloth for slaves, gold, silver, nickel, ivory 
and rhinoceros horns, brought from the 
interior. This trade fostered the growth 
of the advanced inland civilizations that 
built the medieval stone cities of Zim­
babwe and Inyanga in Southern Rho­
desia. European settlers, reluctant to be­
lieve that native Africans could have 
created these cities, often insist that the 
great ruins at Zimbabwe are the site of 
King Solomon's mines. The inhabitants 
of the region are known to have mined 
ores to depths of more than 100 feet, 
and worked iron in large quantities. 
They irrigated vast hillside terraces and 
built walls and palaces of granite. In the 
16th century their civilizations had al­
ready fallen into decline, and the end 
came when the European powers-prin­
cipally Portugal-raided the coastal cities 
and severed the old trade routes across 
the Indian Ocean. 

But the Arab traders who had visited 
the coastal ports had never ventured 
farther south than Sofala for fear of con­
trary winds and currents. Natal was un­
touched by the outside world until Vas­
co da Gama opened the sea route to In­
dia around the Cape of Good Hope in 
1497. Later many European ships were 
wrecked on the coast of Natal, and the 
journals of some of the survivors relate 
their experiences with the local tribes. 

The survivors of the Dutch vessel 
Stavenisse, wrecked in 1686 about 60 
miles south of the present city of Dur­
ban, gave this account of their experi­
ences: "Being now destitute of every­
thing, and the boat being broken in 
pieces, we consulted how we could best 
support ourselves, and by what means 
we could secure ourselves from starva­
tion. The natives, indeed, offered us 
bread and cattle for sale, but we had 
nothing wherewith to purchase the one 
or the other. Nothing is esteemed there 
but beads and copper rings for the neck 
or the arms. For nails, bolts, and other 
ironwork of the wreck, we, indeed, got 
some bread and corn, but as the natives 
set to work themselves, and by chopping 
and burning fully supplied themselves 
with iron, we not being at first aware 
that it was so much regarded, nor daring 
to prevent them for fear of provoking 
them, as they had sometimes fully a 
thousand armed men, they had every­
thing in abundance, while we suffered 
from want." Portuguese castaways used 
to burn their wrecks to prevent the na­
tives from obtaining a free supply of 
iron, which was one of the principal 
items of trade. 

The castaways, like many modern 
students of African history, were in­
clined to regard the natives as "savages" 
who would attack and rob strangers un­
less frightened away. This was surely 
not the case; the tribes were well-organ­
ized societies with elaborate codes of 
law and ethics. A careful survey of the 
records has convinced me that the na­
tives did not slaughter and steal only 
when they felt they were stronger than 
the shipwrecked party, and trade and 
parley only when they were afraid; the 
situation was much more complicated. 
The natives had a great need for iron, 
copper and other metals: many of their 
javelins were made of wood hardened 
by fire, and in some tribes women cul­
tivated with sticks rather than with iron 
hoes. They were therefore very eager to 
get metal, and were ready to trade for 
it by generous offers of cattle and milk 
and grain-if they had cattle and milk 
and grain. If they did not, they attacked 
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ZULU LAND TODAY looks much as it did in Shaka's time. The 

subsistence farming and pasturing practiced by the Zulus keep 

WARRIORS DANCE in praise of the Zulu king, who is visiting 

1 he kraal of their chief. In Shaka's time warriors on the eve of battle 

their homesteads widely scattered. Each homestead is relatively 

self.sufficient, and each is the residence of a single family or clan. 

pantomimed in dance the heroic deeds that they intended to per· 

form in combat. They were expected to live up to their hoasts. 
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the castaways and stole their goods. 
Seven fairly complete journals kept by 
castaways show that the parties were 
attacked either in years of widespread 
drought or after the invasion of locusts, 
when food was short among the natives; 
or when they were wrecked just before 
the harvest and the natives were in want 
as they waited for the new crops. In 
good seasons and after the harvest the 
people came dancing to meet the Portu­
guese, and freely offered food for the 
scarce metals. 

This analysis is confirmed by the fact 
that the castaways were attacked even 

in good years when they encountered 
individual tribes suffering from want and 
conversely were welcomed in bad years 
when they came to isolated tribes en­
joying better fortune. Even in bad years, 
however, castaways who dropped out of 
the march from weakness were often 
succored by the very people who had 
been harassing them. Men from later 
shipwrecks occasionally met these cast­
aways; often they had been given cattle, 
wives and land, and had assumed im­
portant places among their saviors. The 
early Natal tribes thus had, like all so­
cieties, some rules of compassion and 

human sympathy. Yet the people were 
starved for metal and ready to fight for 
it if necessary. 

1,he journals and the native traditions 
make it clear that Natal was occu­

pied by a great number of small inde­
pendent tribes organized around kinship 
groups. Castaways who traded metal 
and remnants of cargo for cattle re­
ported that they were able to drive their 
herds across each chief's territory in a 
few days. A chief visiting the castaways 
was escorted by only 50 warriors or so; 
the force of attackers on less happy oc-

CENTRAL AND SOUTH AFRICA were devastated by Shaka's 

armies and the terrorized tribes fleeing them. When Shaka defeated 

the Ndwandwe to become master of Natal (hatched area) some of 

the Ndwandwe tribes fled as far north as Lake Victoria (1) ; others 

settled in Nyasaland (2) and still others in Mozambique (3). A 

fleeing group of Basutos conquered Barotseland (4) and another 

founded a powerfnl nation in wbat is now Basutoland (5). Shaka's 

example prompted the Swazis to unite into a nation that still sur· 

vives in Swaziland (6). The heavy broken line indicates Portuguese 

trade routes; the light broken line, those of the medieval Arabs. 
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casions was never more limn 300. Native 
folklore indicates that the tribes had 
come into the region from the north and 
west in the general population move­
ment attending the expansion of the 
Bantu peoples that had begun hundreds 
of years before. Some of the tribes were 
in Bight from Bantu conquerors and 
some, including the Zulu tribes, were 
offshoots of the Ba ntu stock. Together 
they displaced the indigenous pastoral 
Bushmen. 

As the tribes moved, they often split. 
A chief had several wives of varying 
status, and he placed important ones in 
different parts of his territory and at­
tached followers to them. When the 
eldest son of an important wife grew up, 
he thus had an army to support him if 
he tried to seize the throne after his 
father's death. According to custom the 
rightful heir was a son born to a wife 
married after his father became chief­
a son "born in the purple." If a man be­
came chief when he was nearing middle 
age, this meant that the rightful heir 
might be a child when his father died, 
while there were grown-up sons already 
able to rule. One or more of them might 
attempt to seize the throne. SometiIues 
an uncle was appointed regent; when his 
ward grew up, the regent (as in Europe) 
might resist giving up power. Often a 
section of the tribe, ruled by a prince 
not likely to succeed, moved off to seek 
independence. A common outcome of a 
dynastic dispute was thus the splitting 
of a tribe, and such splitting operated 
to keep each tribe fairly small. 

Without doubt economic forces were 
at work along with personal ambition 
in this process of political fission. The 
tribes obtained their food by farming 
and by pasturing cattle on the range, so 
their habitations were necessarily widely 
dispersed. The success of this way of life 
is reBected in the growth of the Bantu 
population, but their rising numbers 
placed a steadily increasing pressure on 
the resources of each tribe's territory. 
Sections of the tribes accordingly moved 
away to better lands and to independ­
ence. The dynastic struggles of the pe­
riod doubtless arose in part from this 
competition for dwindling resources. In 
addition, given the existing techniques 
of control and administration, it is possi­
ble that a chief could not hold a tribe 
together once its population exceeded a 
certain size. Sections of the tribe would 
hive off to take up independent existence 
in an organization that was in all im­
portant respects identical with that from 
which they had broken away. The tribes 
did not attempt to subdue one another 
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SHAKA'S EMPIRE (broken line) occupied an area of 80,000 square miles. Shaka built it 

after becoming chief of the Zulu tribe, which originally occupied the small hatched area at 

center. The locations of Bulawayo, and the Mtetwa and Ndwandwe tribes are also tndicated. 

by force and extend their domain: tribal 
wars were brief and occasional, aimed 
at cattle and ransom. In this restless 
political equilibrium the tribes existed 
from at least 1500 until nearly 1800. 
They must have waxed and waned in 
size, around some optimum related to 
their technology, economy and polity. 

The situation changed radically just 
after 1800. Then in northern Natal 

there emerged a chief of the Mtetwa 
tribe called Dingiswayo. He had Bed 
from his home under the charge of plot­
ting to kill his father, the Mtetwa chief, 
and there is a legend (which is probably 

false) that he lived for a time among the 
whites in the Cape Colony. It does 
seem true that he was befriended by 
a white traveler, and that when this 
man was killed, Dingiswayo took his 
horse and gun and turned again toward 
his homeland. He arrived to find his 
father dead and his brother on the 
throne. Dingiswayo promptly killed his 
brother and seized the Mtetwa chief­
tainship. According to stories told some 
16 years later to the English traders who 
visited Shaka, Dingiswayo declared that 
the constant fighting among the tribes 
was against the wish of the Creator, and 
that he intended to conquer them all 
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and make them live in peace. He pro­
ceeded to subdue some 30 tribes. He or­
ganized the larger forces that came 
under his command into regiments and 
acquired military power unexampled in 
the previous history of these peoples. But 
Dingiswayo was temperate in victory. 
After subduing a tribe with as little 
slaughter as possible, he left it under its 
own chiefly family, perhaps choosing 
from it a favorite of his own to rule, 
though the young men of the tribe had 
to serve in his army. 

Among the tribes conquered by Din­
giswayo was the Zulu, to which Shaka 
belonged. Shaka was the illegitimate son 
of the Zulu chief-illegitimate in two 
senses. He was conceived out of wed­
lock, and his father and mother were 
related distantly, but sufficiently closely, 
to make it unlawful for them to marry. 
Shaka's mother was hurried into a dis­
graced marriage with her lover. After 
Shaka's birth she bore a daughter, but 
she and her children were ill-treated and 
not accepted by the tribe, and her hus­
band finally drove her away. She and 
her children wandered until they found 
refuge in the land of the Mtetwa, where 
Shaka became one of Dingiswayo's 

, // . '.\rf:!'''/>;, ''''V,'(j,CW;fP:r1 

bravest warriors. He rose to regimental 
commander and then, still at a youthful 
age, to commander of the entire Mtetwa 
army. 

It was then that he began to show his 
martial genius. He decided that it was 
stupid to use javelins: Why hurl your 
weapon away and then wait unarmed 
until you could pick up one of the ene­
my's? He contrived instead a heavy, 
short-hafted, broad-bladed, stabbing 
spear [see bottom illustration on page 
164]. He trained his men to fight at close 
quarters and to use their big shields to 
hook away the shield of the enemy, ex­
posing him to a stab at the heart. Shaka 
also changed military tactics. In the tra­
ditional, somewhat chivalric warfare 
tribes fought by arranging their champi­
ons in bread ranks that stood about 50 
yards apart; the warriors threw javelins 
at each olher until one rank yielded. 
Shaka arranged his warriors in a c1ose­
order, shield-to-shield formation with 
two "horns" designed to encircle the en­
emy or to feint at his flanks, the main 
body of troops at the center and the 
reserves in the rear ready to exploit the 
opportunities of battle r see -illustration 
011 page 1661. These innovations revo-

lutionizecl African warfare, changing it 
from a skirmish with few deaths to a 
destructive slaughter. 

In 1816, when Shaka's father died, 
Dingiswayo helped him become chief 

of the Zulus. With 500 warriors trained 
to fight with his new weapons and tac­
tics, he surprised and overwhelmed his 
opponents, who expected to fight the old 
type of fairly bloodless war. Shaka 
drafted the survivors into his army, 
marching them off into Zulu territory 
and sending Zulu tribesmen to colonize 
their lands. 

Meanwhile Dingiswayo's example 
had inspired Zwide, chief of the neigh­
boring Ndwandwe tribe, to undertake a 
career as a conqueror. In 1818 Zwide 
captured and killed Dingiswayo. Sha­
ka seized the rule of the disintegrating 
Mtetwa kingdom, and was attacked bv 
Zwide. Skillfully drawing Zwide's more 
powerful armies after him into territory 
he had stripped of food, he defeated 
them, thus clearing the way to establish­
ing his rule over all the region. By 1822 
he had made himself master over 80,000 
square miles, an area approximately that 
of the state of Nebraska and a vast ter-

CLOSE-UP OF KRAAL depicts the construction and arrangement 

of a Zulu hut_ To build it, saplings are sharpened and driven into 

the ground in a 12- to 15-foot circle. A second circle of saplings is 

placed across the first row at a sharp angle. They are then bent to 

join at the top, lashed together and covered with thatch. A small 

hearth is built directly inside the door, which is low and small. 

Near the hack is the most important part of the hut, the UmSlInlO, 

the dwelling place of spirits, where pots and utensils are kept. 
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news of advanced systems and 
instruments from Perkin-Elmer 

poE'S TRACKING SYSTEM AND IR RAPID SCAN � 
TEAM UP FOR IN-FLIGHT SPECTRAL STUDIES OF MISSILES ' 

Spectrometric studies of in-flight missile plumes are 
currently being made on the Atlantic Missile Range by 
Perkin-Elmer in a project under contract from the Air 
Force Cambridge Research Center_ 

Data on the missile flights are obtained with a combi­
nation of two P-E systems: A ROTI (Recording Optical 
Tracking Instrument) tracks and photographs the mis­
sile in flight; simultaneously, an IR Rapid Scan System 
measures the spectral characteristics of the missile's 
plume_ (Both instruments can be seen at right, in place 
in an observation dome, and in close-up_) 

IR Rapid Scan, a new concept developed by P-E over 
the past several years, has made the present studies 
possible_ Basically it is a spectrometer designed to ana­
lyze a particular wavelength region of the spectrum in 
very short periods of time_ With it, progressive spectra 
of a reaction (such as burning rocket fuel) can be 
obtained while the reaction is going on, and a record can 
be obtained of various components throughout the 
course of the reaction_ 

While the potential of this method is only just 
beginning to be recognized, information gained from 
measurements of this kind could be pertinent to such 
advances as the development of more efficient fuels 
and engines, development of homing systems for anti­
missile-missiles, improvement of nose cones, and even 
for the development of characteristic missile "signa­
tures" for detection and identification_ 

� PORTABLE LAB EXPLORES APPLICATIONS FOR 

.., CONTINUOUS STREAM ANALYZERS 

Taking a cue from Mohammed and his mountain, Esso 
Research and Engineering Co. has come up with a 
unique answer to the problem of distance. It has de­
signed a portable laboratory to be shipped to the parent 
company's refineries for on-the-spot exploration of 
possible new process analyzer applications. 

The new unit, housed in an aluminum truck body, 
was built by Perkin-Elmer to Esso specification. Heart 
of the unique lab is a P-E Process Vapor Fractometer, 
which continually monitors, qualitatively and quanti­
tatively, up to 12 components in a process stream. 

At each location, Esso hopes to document the econo­
mies of successful analyzer applications as well as 
establish where analyzers should be installed. This will 
be done by comparing before data with data taken after 
analyzer results have been used for corrective action. 

* * * 

CAREER OPPORTUNITIES-Perkin-Elmer's continu­
ing growth has created the need, at both East and West 
Coast locations, for additional engineers and physicists 
experienced in transistorized electronic circuits, relia­
bility standards and opto-mechanical systems. 

You will be happy with the opportunities for indi­
vidual recognition, professional growth, and advance­
ment in responsibility and salary these positions offer. 
To investigate, forward resume to R. H. Byles, Electro­
Optical Division, Perkin-Elmer Corporation, 915d Main 
Ave., Norwalk, Conn., or J. Armitage, Perkin-Elmer Cor­
poration, 5670 E. Washington Blvd., Los Angeles 22, Calif. 

AN ALYTICAL INSTRUMENTS MILITARY SYSTEMS 

FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
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ZULU REGIMENT is halted by its commander during ceremonies 

in honor of a visit by the Zulu king. The modern Zulus in this 

ZULU WEAPONS used by Shaka's troops consisted of a rawhide 

shield (shown in front view at left and back view at center) and a 

short, broad·bladed stabbing spear (second from right) for close 

combat. Shaka changed war from skirmishing to slaughter by sub· 

164 

photograph are armed with clubs instead of spears, and many of 
them carry shields smaller than those used by Shaka's troops. 

stituting the stabbing spear for the light javelin (jar right), which 

was usually hurled at the enemy from a distance of about 50 yards. 

At this range the javelins could not penetrate the tough five·foot· 

tall shields, which were hardened by dipping them in water. 
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ritory to have mastered only with foot- I 
soldiers armed with spears. His army had 
grown from 500 men to some tens of 
thousands. 

The slaughter and terror wrought by 
this army depopulated a vast region 
surrounding Shaka's kingdom. From 
1824 onward his troops had to march 
across miles of barren lands to seize 
cattle and to teach distant tribes to fear 
the name of Shaka. 

From the beginning Shaka ruled as a 

tyrant. He impaled and killed those of 
his kin who had treated his mother and 
himself badly in his early years. After 
each battle troops who had retreated 
and other alleged cowards were exe­
cuted. The English traders who visited 
him described how he would arbitrarily 
indicate men for death; almost every 
day men were seized and killed at his 
whim. His disposition fluctuated from 
extreme generosity to barbarous cruelty. 
When his mother died, some 7,000 peo­
ple were killed in an orgy of mourning. 
Fynn, who was present when Shaka 
was told of his mother's death, stated 
that Shaka stood motionless for about 20 
minutes with his head bowed upon his 
shield. After shedding a few tears, Shaka 
broke the silence with frantic yells. The 
tribe took the signal and likewise burst 
into shouts and wailings that continued 
through the night and into the next day. 
Shaka ordered a general massacre of 
those not displaying sufficient grief. He 
also ordered that for the next year, upon 
penalty of death, husbands and wives 
should abstain from sexual intercourse, 
that cows should not be milked and that 
crops should not be planted. Giving his 
army no rest, he sent it on one distant 
campaign after another. 

The interference with the food sup­
ply and the reckless brutality of the year 
of mourning finally evoked the spirit of 
mutiny among his subjects. \\Then he 
sent the army to raid the Portuguese set­
tlement at Delagoa Bay in 1828, two of 
his brothers, Dingane and Mhlangane, 
seized the opportunity to assasinate him; 
Dingane then had Mhlangane killed, and 
the returning army, reduced by hunger, 
fatigue and malaria, acclaimed him king. 

So ended the reign of the conqueror 
and tyrant who six years after his acces­
sion to a small chieftainship built a na­
tion with a powerful army. He ruled it 
for only six years more. Yet the Zulu 
kingdom he had created survived his 
death and continued under the rule of 
his family. A half-century later its army 
was there to fight the British. In 1879 
the Zulu army was at last crushed by 
the British and the nation brought under 
British sway. Yet despite the weight of 
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ZULU BATTLE·FORMATION (hatched areas) employed by Shak" consisted of foul' 

groups of warriors lined up shield-to-shield. The two "horns" were designed to encircle the 

enemy or to feint at his flanks. Several regiments of seasoned veterans (center) did the 

bulk of the fighting, while the reserves waited in the real' with their backs to the battle. 

white overlordship the Zulu nation and 
the people's adulation of the Zulu royal 
family still survive. 

From this brief chronicle of his life 
it becomes clear that Shaka was a 

genius of a kind. But his extraordinary 
personality does not by itself accoun t 
for his martial and political triumphs. 
His life must be seen in the context of 
the time in which he lived. By the time 
Shaka reached manhood, Dingiswayo 
had already upset the pattern of Zulu 
warfare by waging wars of conquest, 
and Zwide had followed this example. 
There is no reason why men so intelli­
gent and energetic as these should not 
have been born into the tribes during 
the previous three centuries. Many Por­
tuguese, Dutch and English seamen 
were adopted by the tribes; any one of 
them could have inspired a native chief­
tain to imperial visions on the European 
scale. In fact it seems odd that none of 
these castaways attempted to seize and 
extend power themselves. A possible ex­
planation is that in earlier years there 
was no point to building up power. The 
tribal economy was simple and undiffer­
entiated; even in. a good year the avail­
able technology did not allow a man to 
produce much beyond his own needs. 
There was little trade and no luxury, so 
even a comjueror could not make him­
self more comfortable than he had been 
before. One cannot build a palace with 
grass and mud, and if the only foods are 
grains, milk and meat, and the only 
clothes are hides, one cannot live much 
above the standard of ordinary men. 

I believe that the main cause of im­
perial developments was the shortage 

of land. The productivity of native Afri­
can agriculture is low; by the end of the 
18th century the population increase 
had produced a land crisis. The old 
process of recurrent tribal splitting could 
no longer solve the problem. Some his­
torians also suggest that increasing traf­
fic with white men may have helped to 
start the epoch of conquest. It is known 
that early in his reign Dingiswayo had 
opened up a trade in ivory and hides 
with the settlement at Delagoa Bay. 

Dingiswayo's attempt at large-scale 
conquest surely helped to create the so­
cial climate that gave Shaka his chance. 
But why did Shaka succeed where Din­
giswayo failed? Undoubtedly here his 
military genius was decisive, but his per­
sonality was also important. Dingiswayo 
had fought .his wars according to the 
old pattern, with as little slaughter as 
possible; when he conquered a people, 
he did not alter their tribal organization. 
Three times he captured and spared his 
rival Zwide because Zwide was his 
brother-in-law; then Zwide captured and 
killed him. On the other hand, Shaka 
stated quite clearly that to build a na­
tion he had to destroy the tribal organi­
zation. Perhaps he hated that organiza­
tion because he was doubly illegitimate 
by its laws and had suffered under it. 
Shaka explicitly set out to break up the 
tribes, to mix their peoples and to shat­
ter the chiefly families, which he saw 
as rivals to his rule. 

yet in this objective not even he could 
succeed. Because his subjects were 

widely scattered, he could administer 
them only by organizing them into coun­
ties. He built his kingdom so rapidlv that 

© 1960 SCIENTIFIC AMERICAN, INC



ANOTHER BREAKTHROUGH IN PRODUCT DESIGN MADE POSSIBLE BY PHILCO TRANSISTORS 

NEW POliCE WEAPON 

Specify Philco Transistors in all electronic equipment you buy ... or build. 

Consult Philco for information or assistance in transistorizing your product. 

PHILeO I LANSDALE DIVISION, Lansdale, Pa. 

*Trademark Philco Corporation 

PHILCO 

PRECISION·ETCH* 

TRANSISTORS 

increase reliability of 
police communications 

Communications are the backbone of modern police protection. 
Reliability is of life and death importance! Now, through the 
electronic miracle of transistors, police radio communications are being 
made far more dependable, even under the most difficult conditions. 

In the first transistorized state police radio system, Phil co 
patented Precision-Etch Transistors playa vital part. Developed 
by Philco and produced exclusively by Philco and its four 
licensees, they are the only transistors which fully meet the 
exacting standards of performance, reliability and uniformity 
for this extremely important application. 

Here is one more instance of Philco's leadership in the development 
and manufacture of transistors. In hundreds of critical military, 
industrial and commercial applications, Phil co Transistors are 
specified because of their outstanding record of reliable 
performance. There is a Phil co transistor to meet every 
circuit requirement. 

PH I Leo. 
c7'� fo t2� � Jf/rn& OtJa 
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RCA's Missile and Surface Radar 

RESEARCH 
AND DEVELOPMENT 
C ENTER 
at Moorestown, New Jersey 

i n v i t e s  i n q u i r i e s  f r o m  e n g i n e e rs and s c i e n t i sts w h o s e  

i m ag i n at i o n s  r e a c h  a l ev e l  a b o v e  a n d  b e y o n d  t h e  state 

of the a rt i n : 

Syste m s  Synthesis 

A n a l y s i s . O pt i m i z a t i o n  

Advan ced M i l itary Syste m s  P l an n i n g  

O p e rati o n s  R e s e a r c h · Co m m u n i c at i o n s  

O pt i c s · I n frared · L o g i c  

Rad ar 

A d v a n c e d  Te c h n i q u e s  

Propagati o n  

R a d i o  P h y s i c s · R a d i at i o n  Te c h n i q u e s 

I nformat i o n  Processi n g  

S a m p l e d  D a t a  S y ste m s  

C o m p u t e r  O rg a n i z a t i o n . D i s p l ay P s y c h o l o g y  

T h e  M o o re s t o w n  C e n t e r  i s  d e voted to m a k i n g  o r i g i n a l  

a n d  s i g n i f i c a n t  c o n t r i b u t i o n s  i n  m aj o r  m i l i t a ry s y s t e m s .  

E n g i n e e r s  a n d  s c i e n t i sts p o s s e s s i n g  s u p e r i o r  

q u a l i f i c at i o n s  w h o  wo u l d  l i k e to b e c o m e  p a r t i c i p at i n g  

m e m b e rs o f  o u r  staff m ay w r i t e  t o :  

M r. W. J .  H e n ry 

R C A ,  D e pt .  V-1 1 - D  

M o o restow n ,  N . J .  

( 2 0  m i n utes from P h i lade l p h i a) 

e RADIO CORPORA FlO" of AMERICA 
� ® Moorestown Missile and Surface R a d a r  Division 

he had to leave untouched those chiefs 
who surrendered to him voluntarily. He 
also had to reward his close supporters, 
and his only means of doing so was to 
give them land and followers. They be­
came county chiefs, each with his own 
army, and the old tribal system thus 
reasserted itself. When one of the county 
chiefs died, his son succeeded him. 
Shaka was aware that his subjects' loy­
alty to his chieftains was a danger to 
his own rule and the stability of his 
empire. In short, without a change in 
the farming and pasturing methods of 
his people, without new means of com­
munication, and without an extensive 
trade to integrate the territorial seg­
ments of his kingdom, Shaka was forced 
to disperse power to people who became 
the tribal chiefs he had feared. Even in 
death he was mocked by the tribal rules 
of the past: When he was killed, no chief 
opposed the claim of his brothers to the 
throne. His conquests had validated the 
title of his family to the throne, accord­
ing to the Zulu custom. 

Shaka himself had had no children. 
He said that a son would kill him for 
the throne. He had many concubines but 
no wives, and any concubine who be­
came pregnant was killed. I believe that 
this, and other data on his sexual life, 
show that Shaka was at least a latent 
homosexual and pOSSibly psychotic. Very 
likely this motivated another of his mili­
tary innovations: He forbade his men 
to marry or have sexual relations with 
women until he gave them permission to 
do so in middle age, and he quartered 
all his men in great barracks, as in any 
modern army. It is significant that his 
regimental barracks system was not re­
tained by his successors and imitators, 
though they used his other inventions. 

Shaka became a conqueror because 
he was born into a system where changes 
in the ratio of population to land, and 
perhaps increased trade with Europeans 
through intermediary lands, were pro­
ducing a drive toward the emergence of 
an overlord of the region. Some tribe 
was bound to achieve that overlordship. 
Chance, luck and his own energy and 
genius made Shaka the conqueror. But 
his emotional outlook, which led him to 
try to destroy the tribal system and to 
establish his regiments of highly trained 
bachelors fighting for the right to marry, 
was also extremely important. 

The Zulu social heritage that he at­
tempted to change reasserted itself in 
new forms. His story not only shows how 
a devastating individual can revolution­
ize his society; it also demonstrates that 
even a tyrant's power is ultimately re­
stricted by the past he has inherited. 
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THE RA W MA TERIALS OF PROGRESS in Aircraft and Missiles 

How 3M Chemical helps keep 

"Destruct" button from being pushed! 

The miss ile rlses from its launching 

pad. The next few seconds are critical. 

Should the missile veer off course, the 

Range Safety Officer mus t  des troy it 
before it crashes. 

Inside the missile, and vital to its sure 
ascent, are parts made of KEL-F® 
Brand Plastic . . .  gaskets, lip seals and 
valves of the fuel flow system, for 
instance. The plastic has outstanding 
chemical stability- defying even such 
hard-to-contain materials a� liquid 
oxygen or fuming nitric acid. And 
parts made of the plastic must remain 
impervious to those fuels-and to heat 
and to cold and to time. 

The amazing stability of KEL-F 
Plastic in the presence of corrosives­
and almost every other circumstance­
h e l p s  m a k e  sure that the " D E ­
STRUCT" button need not b e  pushed. 

A Plastic of Many Talents 
Why KEL-F Plastic ? Because lesser 
materials could be eaten by fuels, 
shattered by cold. Because it performs 
notably in a 710 degree temperature 
range, from - 3200 F. to 3900 F. 
Because it has high impact and com­
pressive strength and excellent dimen­
sional stability, zero moisture absorp-

tion and high dielectric strength. With 
such characteristics i t ' s  an ideal 
material for missile use ! 

Down-to-Earth Chemical Family 

Although KEL-F Plastic is well-suited 
for missile applications, it is not com­
pletely skyward-bound. It is used in 
film packages, printed circuits, elec­
trical switches, tubing, wire coating, 
coil forms and a hundred other appli­
cations in the electronics and chemical 
processing industries. The plastic can 
be machined, drilled, molded, sanded, 
engraved and polished with a high 
degree of precision. 

This remarkable plastic is but one of 
a number of fluorocarbon products 
produced by 3M's Chemical Division, 
pioneers in fluorochemistry. Other ex­
amples : a rubber that will withstand 
temperatures up to 6000 F. and is 
resistant to fuels and lubricants . . .  
compressor lubricants that are in­
sensitive to liquid oxygen . . .  dielectric 

coolants that remain liquid at - 1480 
F., are stable at 7500 F.  

Miniaturization Aid 
One of the most exciting applications 
of fluorocarbons is in the field of 
miniaturization . 3M Brand Fluoro­
chemical FC-75,  for instance, was 
used by the Martin Company to re­
duce the weight of their VHF ampli­
fier by 80%.  The Raytheon Manu­
facturing Company used FC-75 to 
reduce a transformer by 7 5 %  III 

volume and by 5 0 %  in weight. 

More Than 300 Members 
Learn what 3M specialty chemicals 
can do for you ! More than 300 are at 
work today in the aircraft and missiles 
industry, in electronics, textiles, plat­
ing, rubber, plastics and packaging. 
For detailed information , write today 
on your company letterhead,  specify­
ing area of interest, to : 3M Chemical 
Division, Dept. KAM-40,  St. Paul 6 ,  
Minnesota. · 'KEL ·F"  i s  a reg. T. M .  o f  3 M  Co. 

C H E M I C A L  D I V I S I O N  
'.4�.<.- ->-�� 

MI N N E SO TA  MI N I N G A N D  MA N U FA C T U R I N G C O M PA N Y ff_� 
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• • •  W H E R E  R E S E A R C H  I S  T H E  K E Y T O T O M O R R O W � • • .  rJI 
���>W-<. ... �-', 4 

1 69 

© 1960 SCIENTIFIC AMERICAN, INC



MATHEMATICAL GAMES 
About lnathematical games 
that are played on boards 

by Martin Gardner 

"Gmes possess some of the quali­
ties of works of art," Aldous 
Huxley has written. "With their 

simple and unequivocal rules, they are 
like so many islands of order in the 
vague untidy chaos of experience. When 
we play games, or even when we watch 
them being played by others, we pass 
from the incomprehensible universe of 
given reality into a neat little man-made 
world, where everything is clear, pur­
posive and easy to understand. Compe­
tition adds to the intrinsic charm of 
games by making them exciting, while 
betting and crowd intoxication add, in 
their turn, to the thrills of competition." 

Huxley is speaking of games in gen­
eral, but his remarks apply with special 
force to mathematical board-games in 
which the outcome is determined by 
pure thought, uncontaminated by physi-

cal prowess or the kind of blind luck 
supplied by dice, cards and other ran­
domizing devices. Such games are as 
old as civilization and as varied as the 
wings of butterflies. Fantastic amounts 
of mental energy have been expended on 
them, considering the fact that until 
quite recently they had no value what­
ever beyond that of relaxing and refresh­
ing the mind. Today they have suddenly 
become important in computer theory. 
Chess-playing and checker-playing ma­
chines that profit from experience may 
be the forerunners of electronic minds 
capable of developing powers as yet un­
imaginable. 

The earliest records of mathematical 
board-games are found in the art of 
ancient Egypt, but they convey little 
information because of the Egyptian 
convention of showing scenes only in 
profile [see illustration below J. Some 
games involving boards have been found 
in Egyptian tombs [page 173], but they 
are not board games in the strict sense 
because they also involve a chance ele-

ment. A bit more is known about Greek 
and Roman board-games, but it was nut 
until the 13th century A.D. that anyonc 
thought it . important enough to record 
the rules of a board game, and it was 
not until the 17th century that the first 
books on games were written. 

Like biological organisms. games 
evolve and proliferate new species. A 
few simple games, such as ticktacktoe, 
may remain unchanged for centuries; 
others Hourish for a time. then vanish 
completely. The outstanding example of 
a dinosaur diversion is rithmomachy. 
This was an extremely complicatedl1Um­
ber game played by medieval Europeans 
on a double chessboard with eight cells 
on one side and 16 cells on the other. 
and with pieces in the shapes of circles. 
squares and triangles. It traces back at 
least to the 12th century, and as late as 
the 17th century it was mentioned by 
Hobert Burton, in The Anatomy of Me'· 
ancholy, as a popular English game. 
Many learned treatises were written 
about it, but no one plays it today ex· 
cept a few mathematicians ancI medi· 
evalists. 

In the U. S. the two most popular 
mathematical board-games are of course 
checkers and chess. Both have long and 
fascinating histories, with unexpected 
mutations in rules from time to time and 
place to place. Today the American 
checkers is identical with the English 
"draughts," but in other countries there 
are wide variations. The so-called Polish 
checkers (actually invented in France) 

Relief from a lomb al Sakkarll in Egypl shows a board game ill profile. Relief dates from 2500 B.C. 
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Sample cell used at the IBM Watson Laboratory for studies of the self-diffusion of quantum liquids. 

Studying Quantum Liquids to Observe Nuclear Theory 
Atomic nuclei are dense systems composed 
of identical particles which obey Fermi­
Dirac statistics. Using these statistics, 
scientists have computed the theoretical 
behavior of the particles which compose 
heavy nuclei. 

Helium3, a quantum liquid, provides 
scientists with an extremely convenient 
model of this nuclear matter - a model 
readily accessible to research. A cryogenic 
liquid, He3 permits the investigation of 
quantum effects. This makes it possible to 
compare nuclear behavior with theoretical 
predictions. 

Research in quantum liquids is being 

done at the IBM Watson Laboratory at 
Columbia University. Direct spin-echo 
measurements of diffusion and nuclear re­
laxation were made on He3 atoms in the 
pure liquid, and also in dilute solutions of 
He3 in He4• Measurements were made in 
the temperature range O.5°K to 4.2°K, 
at pressures up to 67 atmospheres. 

Experiments on the pure quantum 
liquid revealed diffusion persisting to the 
lowest temperatures. However, it was 
apparent that the diffusion was not ther­
mally activated as in an ordinary liquid, 
or in a gas. Diffusion persisted for two rea­
sons: (1) because of the zero-point energy 

of the atoms, and (2), because of the 
atoms' long wave 'length as compared 
with the thickness of the potential bar­
riers which inhibited their motion. The 
results of the experiments on dilute solu­
tions of He3 in He4, in accord with ex­
pectations, showed that the He3 diffusion 
coefficient increased rapidly with decreas­
ing temperature. 

This study will help to increase our 
understanding of quantum systems, and 
consequently, help to increase our famili­
arity with nuclear matter. 

IBM®RESEARCH 
Investigate the many career opportunities available in exciting new fie/ds at IBM. 

International Business Machines Corporation, Dept. 659P,590 Madison Avenue, New York 22, New York 
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Photograph by Bruce Davidson 

NO ONE TOLD GUS HOGLUND YOU COULDN'T WELD ALUMINUM 

Twenty y e a r s  ago,  Gus Hoglund 

gathered a dozen skeptics around a jar 

of flux, a torch and some bits of alumi­

num. He was breaking trail for the man 

who now brazes 350 percolator spouts 

an hour ... and for the company that 

will crack a new market with welded 

aluminum cans, churned out at 500 
a minute. 

Even when doubting Thomases 

granted you could weld aluminum, they 

had to be taught how to do it. Gus 

Hoglund and his Process Development 

crew gave lessons by the thousands. 

And their work between classes with 

alloys and techniques has led to the 

development of welded aluminum 

structures three times as strong as the 

best of the past. 

Aluminum is second to no other metal 

in variety of commercial joining 

methods. With the industry's largest 

staff of engineering specialists to solve 

your joining problems, you get extra 
value in every pound of Alcoa® Alumi­
num you buy. Call your local Alcoa 

sales office today; the man who answers 

will have the proof. Aluminum Com­

pany of America, 2019-D Alcoa Build­

ing, Pittsburgh 19, Pennsylvania. 

I ALCOA helps you design it, make it, sell it 
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Alcoa has hundreds of 
Gus Hoglunds 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. 

5. 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 
quailty aluminum, to mark your goods. 

Added Values 
With Alcoa 
Aluminum 

... is a case book of Alcoa special serv­

ices and a guide to their availability 

in design, manufacture and sales. Your 

copy, with some of the most rewarding 

information you may ever read, is 

waiting and it's FREE. Write : Alumi­

num Company of America, 2019-D 
Alcoa Building, Pittsburgh 19, Pa. 

Board game of senet, found in Egyptian tomb of 1400 B.C., also involved throwing sticks 

is now the dominant form of the game 
throughout most of Europe. It is played 
on a 10-by-l0 board, each side having 
20 men that capture backward as well 
as forward. Crowned pieces (called 
queens instead of kings) move like the 
bishop in chess, and in making a jump 
can land on any vacant cell beyond the 
captured piece. The game is widely 
played in France (where it is called 
dames) and in Holland, and it is the 
subject of a large analytical literature. 
In the French-speaking provinces of 
Canada, and in parts of India, Polish 
checkers is played on a 12-by-12 board. 

German checkers (damenspiel) re­
sembles Polish checkers, but it is usually 
played on the English eight-by-eight 
board. A similar form of this "minor 
Polish" game, as it is sometimes called, 
is popular in the U.S.S.R., where it is 
known as shashki. Spanish and Italian 
variants also are closer to the English. 
Turkish checkers (dama) is also played 
on an eight-by-eight board, but each 
side has 16 men that occupy the second 
and third rows at the outset. Pieces move 
and jump forward and sideways, but not 
diagonally, and there are other radical 
departures from both the English and 
the Polish forms. 

Chess likewise has varied enormously 
in its rules, tracing back ultimately to 
an unknown origin in India, probably in 
the sixth century A.D. True, there is 
'oday an international chess that is 
standardized, but there are still many 
excellent non-European forms of the 
game that obviously share a common 
origin with international chess. Japanese 
chess (sho-gi) is played as enthusias­
tically in modern Japan as go, though 
only the latter game is known in West­
ern countries. Sho-gi is played on a nine­
by-nine board, with 20 men on each 
side, arranged at the start on the first 
three rows. The game is won, as in West­
ern chess, by checkmating a piece that 
moves exactly like the king. An inter-

esting feature of the game is that cap­
tured pieces can be returned to the 
board to be used by the captor. 

Chinese chess (siang k'i) also ends 
with the checkmate of a piece that 
moves like the king in vVestern chess, 
but the rules are quite different from 
those of Japanese chess, and its eight­
by-eight board is divided across the cen­
ter by a blank horizontal row called "the 
river." Martian chess ("jetan"), ex­
plained by Edgar Rice Burroughs in the 
appendix to his novel The Chessmen of 
Mars, is a surprisingly well-thought-out 
variant, played on a 10-by-l0 board with 
unusual pieces and novel rules. For ex­
ample, the princess (which corresponds 
roughly to our king) has the privilege 
of one "escape move" per game that per­
mits her to flee an unlimited distance in 
any direction. 

In addition to these regional variants 
of chess, modern players, momentarily 
bored with the orthodox game, have in­
vented a weird assortment of games 
known as fairy chess. Among the many 
fairy-chess games that can be played on 
the standard board are: two-move chess, 
in which each player plays twice on his 
turn; a game in which one side plays 
with no pawns, or with an extra row of 
pawns instead of a queen; cylindrical 
chess, in which the left side of the board 
is considered joined to the right side (if 
the board is thought of as having a half­
twist before the sides are joined, it is 
called Moebius-strip chess); transporta­
tion chess, in which any piece can be 
moved on top of the rook and carried by 
the rook to another square. Dozens of 
strange new pieces have been intro­
duced, such as the chancellor (combin­
ing the moves of rook and knight), the 
centaur (combining bishop and knight) 
and even neuter pieces (e.g., a blue 
queen) that can be played by either 
side. (In Lewis Padgett's science-fiction 
novel The Fairy Chessmen a war is won 
by a mathematician who makes a hobby 
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McMASTER UNIVERSITY 

SENIOR SCIENTIST 
WITH EXPERIENCE 

IN THE USE OF 

RADIOACTIVE ISOTOPES 
FOR 

MEDICAL RESEARCH 
Must be prepared to organize an 

active research group and initiate a 

program of fundamental research in­

cluding the development of new clini­

cal procedures. Facilities include a 

one-megawatt swimming pool reac­

tor and adequate laboratory equip­

ment. Co-operation can be expected 

from scientists and medical person­

nel conducting research in allied 

fields. 

Applications should be sent to 

Dr. H. G. Thode, Vice-President 
McMaster University, 

Hamilton, Ontario, Canada. 
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Cellulose" 
This first cODlplete report on 
Cellulose (coDlpiled by Chemi­
cal Week) is being Dlade avail. 
able to help potential custoDlers 
develop profitable new uses for 
a very versatile raw Dlaterial. 

Already used in some 6000 
products-from fibers to filters, 
plastics to photo filDls, shoes to 
sausage casings, toys to tire cord 
-cellulose Dlay be the Dlaterial 
needed to increase your profit 
Dlargin or develop entirely new 
products. 

Report defines properties and 
current uses • • • discusses new 
developments. SaDlples and 
spec. sheets included in kit you 
receive. Technical Service avail. 
able to those with specific 
interest. 

Send for REPORT ON CELLULOSE. 
It's FREE with no obligation. 
Write on cODlpany letterhead to 
Rayonier Incorporated, Dept. 
S, 161 East 42nd Street, New 
York 17, N. Y. 

L==="� ffi ... 
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of fairy chess.
' 
His mind, accustomed to 

breaking rules, is elastic enough to cope 
with an equation too bizarre for his more 
brilliant but more orthodox colleagues.) 

An amusing species of fairy chess that 
is quite old, but still provides a delight­
ful interlude between more serious 
games, is played as follows. One player 
sets up his 16 men in the usual way, but 
his opponent has only one piece, called 
the maharajah. A queen may be used 
for this piece, but its moves combine 
those of queen and knight. It is placed 
at the outset on any free square not 
threatened by a pawn; then the other 
side makes the first move. The mahara­
jah loses if he is captured, and wins if he 
checkmates the king. It might be 
thought that the maharajah has a poor 
chance of winning, but his mobility is so 
great that if he moves swiftly and ag­
gressively, he often checkmates early in 
the game. At other times he can sweep 
the board clean of pieces and then force 
the lone king into a corner checkmate. 

Hundreds of games have been in­
vented that are played on a standard 
chessboard but have nothing in common 
with either chess or checkers. One of the 
best, in my opinion, is the now-forgotten 
game of "reversi." It uses 64 counters 
that have contrasting colors, say red and 

1 2 3 4 

9 10 ,11 12 

17 18 19 20 

25 26 27 

33 34 35 

41 42 43 

49 50 , 51 52 

57 58 59 60 

black, on their opposite sides. A crude 
set can be made by coloring one side of 
a sheet of cardboard, then cutting out 
small circles; a better set can be con­
structed by buying six boxes of inex­
pensive checkers and gluing the pieces 
into red-black pairs. It is worth the trou­
ble, because the game can be an exciting 
one for every member of the family. 

Reversi starts with an empty board. 
One player has 32 pieces turned red­
side up; the other has 32 turned black­
side up. Players alternate in placing a 
single man on the board in conformity 
with the following rules: 

1. The first four men must be placed 
on the four central squares. Experience 
has shown that it is better for the first 
player to place his second man above, 
below, or to the side of his first piece 
(an example is shown in the illustration 
below), rather than diagonally adjacent, 
but this is not obligatory. 

2. After the four central squares are 
filled, players continue placing single 
pieces. Each must be placed so that it is 
adjacent to a hostile piece, orthogonally 
or diagonally. Moreover, it must also be 
placed so that it is in direct line with 
another piece of the same color, and 
with one or more enemy pieces (and no 
vacant cells) in between. In other words, 

5 6 7 8 

13 14 15 16 

21 22 23 24 

31 32 

.39 40 

47 

53 54 55 56 

61 62 63 64 

An opening for the board game of reversi. Numbers are for reference only 

© 1960 SCIENTIFIC AMERICAN, INC



,So enlpty the molecules rarely meet 
In a vacuum of 10-10 mm Hg, a molecule can travel 1600 miles before it strikes another molecule. Yet this is the pressure 
achieved in one of the world's largest ultra-high vacuum systems which RCA recently delivered for a research device in which 
scientists of a leading Eastern university will seek to harness thermonuclear fusion. One of several UHV systems developed by 
RCA's Industrial Tube Products Dept., this 1500-liter system has held a vacuum of 10-10 mm Hg over a period of months. 

RCA's mastery of ultra-high vacuum systems is no accident. The techniques required grew directly out of an unequalled 
reservoir of experience with ceramic-metal "Super-Power" tubes. Beyond this, in the words of one of the guiding geniuses, all 
it took was a "devout respect" for the basic principles of physics. 

This same "devout respect"-plus a liberal sprinkling of imagination-has enabled RCA's Industrial Tube Products Depart­
ment to make Significant contributions to megawatt electronics, thermoelectronics, and many other advances contributing to 
space environmental studies. Creative design and construction of ultra-high vacuum systems has been a specialty of RCA 
Industrial Tube Products Department for many years. 

If you have space or vacuum problems that could benefit from this advanced research and development, write to the 
Marketing Manager, RCA Industrial Tube Products Department, Lancaster, Pennsylvania. 

�_ RADIO CORPORATION OF AMERICA 
_ ® Electron Tube Division H�rrlson, N. J. 
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FOR 

• SOLID STATE PHYSICIST 
• PHYSICIST, Electron Optics 

SALARIES OPEN 
Extraordinary advancement opportunities with our New 

Product Group currently involved with the development 

of the Hamilton·Zeiss Electron Beam machine. 

Physicist, Electron Optics. For advanced R&D on elec· 

tron beam technology including associated electronic 

equipment. Will involve beam formation and control 

(stable electronic circuits, pulse generation and con· 

trol, high voltage supplies.) May involve electronic data 

programming techniques. Ph.D. desirable. 

Solid State Physicist. For advanced R&D on future ap· 

plications of electron beam. Should have strong theo· 

retical background in solid state physics plus metallic 

and non·metallic materials and associated processes. 

Will conduct basic studies of electron beam joining 

and cutting techniques and their effect on materials 

involved, including exotic metals, semi-conductors, 

ceramics, etc. Ph.D. level desirable. 

Excellent relocation allowance ... tuition· paid grad· 

uate study ... desirable Connecticut living. Reply today 

to our Technical Employment Supervisor, Dept. 30. 

HAMILTON STANDARD 
DIVISION OF 

UNITED AIRCRAFT CORP. 
Bradley Field Road, Windsor locks, Conn. 

circuit 
development 

engineer 

e 
e 

professional progress 
exciting assignments 
liberal company 

benefits 

see full-page ad page 193 

device 
development 

engineer 

• 
• 

professional progress 
exciting assignments 
liberal company 

� .. --......... benefits 
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17 18 23 24 

25 26 32 

33 34 39 40 

42 47 48 

49 50 55 56 

57 58 59 60 61 62 63 64 

If reversi player with colored pieces makes the next move, he can win six pieces 

a piece must always be placed so that 
it is one of a pair of friendly pieces on 
opposite sides of an enemy piece or at 
opposite ends of a chain of enemy 
pieces. The enemy pieces are considered 
captured, but instead of being removed 
they are turned over, or "reversed," so 
that they become friendly pieces. Pieces 
remain fixed throughout the game, but 
may be reversed any number of times. 

3. If the placing of a piece sim ultane­
au sly captures more than one chain of 
enemy pieces, the pieces in both chains 
are reversed. 

4. Pieces are captured only by the 
placing of a hostile piece. Chains that 
become flanked at both ends as a result 
of other causes are not captured. 

5. If a player cannot move, he loses 
his turn. He continues to lose his turn 
until a legal move becomes possible for 
him. 

6. The game ends when all 64 squares 
are filled, or when neither player can 
move (either because he has no legal 
move or because his counters are gone). 
The winner is the person with the most 
pieces on the board. 

Two examples will clarify the rules: 
In the illustration on page 174 red can 
play only on cells 43, 44, 45 and 46. In 
each case he captures and reverses a 

single piece. In the illustration on this 
page, if red plays on cell 22 he is com­
pelled to reverse six pieces: 21, 29, 36, 
30, 38 and 46. As a result the board, 
which formerly was mostly black, sud­
denly becomes mostly red. Dramatic re­
versals of color are characteristic of this 
unusual game, and it is often difficult to 
say who has the better game until the 
last few plays are made. The player with 
the fewest pieces frequently has a strong 
positional advantage. 

Some pointers for beginners: If pos­
sible, confine early play to the central 
16 squares, and try especially to occupy 
cells 19, 22, 43 and 46. The first player 
forced outside this area is usually placed 
at a disadvantage. Outside the central 
16 squares, the most valuable cells to 
occupy are the corners of the board. For 
this reason it is unwise to play on cells 
10, 15, 50 or 55, because this gives your 
opponent a chance to take the corner 
cells. Next to the corners, the most de­
sirable cells are those that are next but 
one to the corners (3, 6, 17, 24, 41, 48, 
59 and 62). Avoid giving your opponent 
a chance to occupy these cells. Deeper 
rules of strategy will occur to any player 
who advances beyond the novice stage. 

Little in the way of analysis has been 
published about reversi; it is hard to say 
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SCIENTISTS AND ENGINEERS: There are two sides to the STL coin ... 

� ............................ . 

••••••. .••••••••••••.••.. . �. :':' .. �m':'�":':.� .. ::-.: •••••••••••.•• •••• • "" •••• " ••• •••••••••••••••••••••• � ••••••••••••••••••••••••••••••• . ....................... : 

What STL does: 
Space Technology Laboratories is making 
significant contributions in theoretical 

analysis, research, development and 
technical management of advanced ballistic 
missile and space systems. STL conducts 
advanced space flight experiments under the 
executive management of the Air Force 
on behalf of such agencies as ARPA and 

NASA. In addition STL's leadership in 
military applications of space technology is 
illustrated by its successful accomplish­

ments as the contractor responsible for 
over-all systems engineering and technical 
direction of the Atlas, Titan, Thor, and 

Minuteman portions of the Air Force 
Ballistic Missile Program. 

What STL offers: 
For scientists and engineers with out­

standing capabilities, STL offers unusual 
growth opportunities in many areas of 
technical activity, including: 

Electronic and Electromechanical Systems 

Vehicle Engineering and Development 

Propulsion and Guidance Systems 

Computer Technology 

Systems Engineering and Technical 
Direction 

Telecommunications 

Airborne Systems 

Ground Support Equipment 

.............. ................................................. . ..................... ........ ......... .......................................... : 

The Technical Staff of STL is the largest professional group in the nation devoted 

exclusively to research, development, and systems engineering in the field of ballistic 

missiles, space projects, and related advanced technology. If you want to apply your 

skills and talents, in these advanced areas working with leaders in your field, investigate 

positions at STL now. Please send your resume today to Mr. Richard A. Holliday. 

• Space Technology Laboratories, Inc., P. O. Box 95004 

Los Angeles 45, California 

SPACE TECHNOLOGY LABORATORIES, INC. 
. . : ...................................................................................................................................................................... .. 
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A Message to 

Computer Engineers 
Capable of Advanced Research 

and Development in 

TRANSISTORIZED 
AIRBORNE DIGITAL 

COMPUTING SYSTEMS 
W ide latitude is accorded the qualified individual team 

member at our Advanced Electronics Research and Devel­

opment Laboratory. Under the direction of Dr. Arthur S. 
Robinson, a broad program of exploration is in progress 

in the development of new concepts in solid state airborne 

digital computers and digital control systems. This program 

is the logical extension of the Bendix developments which. 

in 1955, resulted in the first successful fully transistorized 

automatic flight control system. 

If you find satisfaction in defining and solving advanced 

problems in computer technology, the work of this Labora­

tory has a great deal to offer.' If you are currently qualified 

in one of the following areas ... 

Digital Systems Synthesis 

High Speed Switching 

Pulse Techniques 

Input-Output Devices 

Transistorized Circuits Logical Implementations 

Magnetic Memory Micro-Miniaturization 

Logical Design 

... we suggest that you send a brief resume of your expe­

rience and educational background to Dr. Robinson, or 

telephone Engineering Personnel at ATlas 8-2000 in 

New Jersey, or BRyant 9-8541 in New York. 

ECLIPSE-PIONEER DIVISION 

AVIATION CORPORATION 
Route 46 at 17, Teterboro, New Jersey 

(located in suburban New Jersey. 10 minutes from New York City) 
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who, if either player, has the advantage 
on even a board as small as four-by-four. 
Here is an interesting problem that some 
readers may enjoy trying to solve before 
the answer is given in this department 
next month. Is it possible for a game to 
occur in which a player, before his 10th 
move, wins by removing all the enemy 
pieces from the board? 

An amusing thing about the history of 
reversi is that two Englishmen, Lewis 
Waterman and John W. Mollett, both 
claimed to be the sole inventoL Each 
called the other a fraud, In the late 
1880's, when the game was enormously 
popular in England, rival handbooks and 
rival firms for the manufacture of equip­
ment were authorized by the two claim­
ants. Regardless of who invented it, re­
versi is a game that combines complexity 
of structure with rules of delightful sim­
plicity, and a game that does not deserve 
oblivion, 

T he answer in smallest numbers for 
last month's Lewis Carroll problem 

of finding three right triangles with in­
tegral sides and equal areas is 40, 42 and 
58; 24, 70 and 74; and 15, 112 and 113. 
In each case the area is 840. Had Carroll 
doubled the size of the two triangles that 
he found, he would have obtained the 
first two triangles cited above, from 
which the step to the third would have 
been easy. Henry Ernest Dudeney, in 
the answer to problem 107 in his Canter­
bury Puzzles, gives a formula by which 
such triangle triplets can be easily found. 

Carroll's truth-and-lie problem has on­
ly one answer that does not lead to a 
logical contradiction: A and C lie; B 
speaks the truth. The problem yields eas­
ily to the propositional calculus by tak­
ing the word "says" as the logical con­
nective called equivalence. Without 
drawing on symbolic logic one can sim­
ply list the eight possible combinations 
of lying and truth-telling for the three 
men, then explore each combination, 
eliminating those that lead to logical 
contradictions. 

Carroll's solutions to the six doublets 

are: Grass, crass, cress, tress, trees, frees, 

freed, greed, green; ape, are, ere, err, 

ear, mar, man; one, owe, ewe, eye, dye, 

doe, toe, too, two; blue, glue, glut, gout, 

pout, port, part, pant, pint, pink; winter, 

winner wanner wander, warder, hard­

er, hat
:
per, ha�per, damper, damped, 

dammed, dimmed, dimmer, simmer, 

summer; rouge, rough, sough, south, 

sooth, booth, boots, boats, brats, brass, 

crass, cress, crest, chest, cheat, cheap, 

cheep, cheek. 
The letters abcdefgi rearrange to 

make the hyphenated word big-faced. 

© 1960 SCIENTIFIC AMERICAN, INC



... NEWS IS HAPPENING AT NORTHROP � 

How New Landing 

Systems from Radioplane 

Meet the Demands of 

High Altitudes, Increased 

Bail-out Speeds, and 

Recovery from Space 

by Ed Ewing 

Engineering Specialist, Assigned to Project Mercury 

at Radioplane Division, Northrop Oorporation 

In high-speed bail outs, the open­
ing process of the standard per­
sonnel parachute is a nylon ex­
plosion_ The fate of the man with 
his body harness attached to the 
risers depends mainly on the 
magnitude of this opening shock 
and his body position when he 
receives it. Today's increased 
speeds and altitudes (where para­
chutes open even faster) have 
made opening shock a serious 
hazard to survivaL 

An emergency ejection from a 
high-speed jet, for example, is a 
sudden thrust into the full blast 
of the airstream at speeds up to 
800 miles per hour - enough to 
rip open most parachute contain­
ers and tear their contents to 
shreds. And because of the air­
man's disorientation during the 
shock of ejection, the most reli­
able system must place minimum 
dependence on human intelli­
gence for its operation_ 

When the U S_ Naval Bureau of 
Aeronautics outlined its needs 
and set its requirements for an 
improved personnel parachute, 
industry-wide attempts were 
made to meet the challenge. 
Radioplane won the contract_ 

Radioplane took a new approach 
to the design and development of 
a canopy that would open just 
slowly enough to bring the shock 

within tolerable limits and at the 
same time open positively and 
dependably_ Radioplane experi­
mented with five different models, 
seven modifications and 270 
dummy drop tests to produce the 
now-famous "Skysail"-the ring 
parachute with the unique saw­
tooth profile_ 
Proved in more than 300 qualifi­
cation jumps, "Skysail" opens 
one ring at a time starting from 
a small bubble in the crown. The 
leading edge of each ring bites 
into the air in a succession of 
deliberate step-by-step openings 
that takes an important fraction 
of a second longer than the ex­
plosion-like filling of the standard 
canopy. The resultant reduction 
in opening shock is between 35 
and 50 per cent, the drag coeffi­
cient is 20 per cent higher than 
that attained by other parachutes 
of equivalent opening force and 
stability. 
"Skysail" proves to be the solu­
tion to a challenging phase of the 
jet age. 
For the space age, Radioplane is 
already delivering "Ringsail"­
the landing system for America's 
first man-in-space capsule­
NASA'S Project Mercury. 

As new needs and new challenges 
arise, the Radioplane scientist, 
specialist or engineer is in a 

position to develop and use his 
creative talents freely_ Besides 
working on escape and landing 
systems, he engages in scope­
widening studies in re-entry me­
chanics, hyper-environments and 
physics of materials. Radioplane 
fosters an atmosphere in which 
he is urged to develop new ideas 
and new techniques in the missile, 
pilotless aircraft, and space re­
covery fields. With Radioplane's 
outstanding facilities, colleagues, 
and current programs to encour­
age him, horizons for the individ­
ual are wide at Radioplane. They 
are wide to allow outstanding 
ingenuity and creativity full 
range to advance_ 

Current papers by Northrop 
scientists and engineers include: 

"Disintegration Barriers to Ex­
tremely High-Speed Space Travel" 
by Dr. Elliot T_ Benedikt_ 
"An Astrovehicle Rendezvous­
Guidance Concept" by Norman V. 
Petersen, Robert Swanson and 
Leroy Hoover. 

For copies of these papers 
and additional information 

about Northrop Om'poration, 
write: 

NORTHROP� 
CORPORATION 

Department K6-1300-32, P.O. Box 1525 
Beverly Hills, California 
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in ten seconds? 
With the high speeds of today's jet 

aircraft, keeping track of hundreds of 

planes is a difficult probleIll. The tac­

tical situation is not only cOIllplex, but 

fast-changing. 

Hughe.s Fullerton engineer� have solved this prob­
lem wIth a umque and hIghly advanced digital 
computer. This computer simultaneously tracks 
large numbers of aircraft and provides three­
dimensional coordinate and velocity information 
on them: 

These Fullerton engineers have designed the com­
puter to provide extrapolated position data to the 
observer several times per second. In addition it 
will mea�u�'e the 'position and report velocity 
charactenstIcs changes every few seconds for each 
of a large number of targets. 

The computer utilizes advanced semiconductor cir­
cuitry throughout. The out-puts to the displays 
are made through high-speed digital to analog 
converter� capable of providing an accuracy of 
one pal-t m ten thousand - and within 10 x 10-ti 
seconds. 

This giant transmitting antenna creates the 

beam for experimental antenna pattern measurements 

- part of the Hughes microwave research and develop­

ment programs. 

Housed in the tip of this Hughes survey meter is 

the smallest, fastest, most accurate radiation detector 

ever devised - just one example of Hughes' activities in 

the expanding field of nuclear electronics. 

Utiliz}n
.
g th� la�est techniques in packaging and 

submlmatunzatlOn, Hughes Fullerton Engineers 
have desIgned this unit as a mobile system which 
wIll wIthstand rigorous field use. 

Other Hughes activities provide similarly stimu­
latll:g outlets fo�' creative engineers. Constantly 
movmg forward mto new areas, Hughes projects 
mclude: hydrofoil systems, anti-submarine war­
fare systems, miniaturized communications sys­
tems, new solid state electronics devices nuclear 
electronics systems and unique navigati�nal sys­
tems - just to name a few. 

:r'he commercia
.
l activities of Hughes have many 

mterestmg projects for engineers in the research, 
development and manufacture of semiconductors, 
mIcrowave components, storage tubes radiation 
d�tectors, radiation handling equipment and 
mIcrowave tubes. 

Whate;er
. 

your field of interest, you'll find 
Hughes dlveyslty of advanced projects gives you 
wIdest pOSSIble latItude for professional and 
personal growth. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Electro lum inescence 

Infra·red 

Solid State Physics 

Digital Computers 

Reliability & Quality Assurance 

Systems Design & Analysis 

Equipment Engineering 

Microwave & Storage Tubes 

Communications Systems 

Inertial Guidance 

Field Engineering 

Circuit Design & Evaluation 

Write in cotljidence to Mr. M. W. Welds 

Hughes General Offices. Bldg. 6·F4. Culver City. Calif. 

Creating a new w01'ld with ELECTRONICS 
;- - - - - - - - - - - - - - - - - - - - - - - - -, 

HUGHES 
J J 
L ___ ____________________ � 

HUGHES AIRCRAFT COMPANY 
Culver City, EI Segundo, Fullerton, Newport Beach, 

Malibu, Oceanside and Los Angeles, C al ifornia; 

Tu cson. Arizona. 
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IT'S THE QUIETEST RIDE YOU'VE EVER TRIED! 

New Vibra- Tuned Body Mountings-electronically 
located at the nodal points of the frame by Olds­
mobile engineers-produce an exceptionally quiet 
and satisfying ride. 

Quietness in a fine automobile is a mark of superior quality. 
To make the 1960 Oldsmobile the quietest, most comfortable 
car on the road, Oldsmobile engineers have developed many 
advanced testing techniques to insulate against all types 
of road noise. 

One of the unique ways in which noise and vibration are 
isolated by Oldsmobile engineers is through Vibra·Tuned 
body mountings. These mountings-direct attaching points 
between the body and frame-are critical to comfort and to 
the life of the car. If they are not properly placed, severe 
road vibrations can literally shake the car apart in a few 
thousand miles. But, by using the most advanced electronic 
measuring techniques, a softer and quieter ride is achieved 
by placing the body mounts at the nodal points of the frame. 
In this way, inherent road vibrations and shocks are prac· 
tically isolated from the passenger compartment. 

OLDSNlOBILE>-
182 

In the "tuning" of the chassis and body, the car is subjected 
to severe shaking, at a frequency of 7Y2 to 15 cycles per 
second, by a mechanical oscillator to produce torsional and 
bending moments. By using numerous electronic pick-ups, 
movement of the frame and body at a given point can be 
determined quickly and translated into an accurate magnitude 
vs. frequency curve through an X-Y plotter. By a complete 
and thorough examination of the entire car in such a manner, 
it can be determined where the "dead" or nodal points are 
on the frame, and the body mounts can then be scientifically 
placed. Then, after being located, the hysteresis character· 
istics of the body mounts are determined to give the most 
satisfying ride. 

These methods, and many more up-to-the-minute techniques, 
have enabled Oldsmobile engineers to build consistently fine 
quality automobiles year after year. Visit your local author­
ized Quality Dealer and drive a 1960 Oldsmobile. See why 
it's the most satisfying car you've ever known ... the finest 
the medium-price class has to offer! 
OLDSMOBILE DIVISION • GENERAL MOTORS CORPORATION 

Where Proven Quality is Standard! 

© 1960 SCIENTIFIC AMERICAN, INC



THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

There was a time not long ago when 
an amateur who had a keen inter­
est in the physical sciences, and 

who liked to make things, almost always 
turned to physical apparatus that has a 
specific purpose-a telescope, say, or a 
short-wave transmitter and receiver. To­
day, with the frontiers of the physical 
sciences more than ever beyond the 
reach of the amateur, there is a new 
trend: the making of apparatus the sole 
purpose of which is to illuminate a fun­
damental physical principle. By the con­
struction of such apparatus the amateur 
can enrich his understanding of, to 
choose only one example, the motions 
of an artificial· satellite. In this vein 
Francis W. Niedenfuhr, associate profes­
sor of engineering mechanics at Ohio 
State University, writes : 

"As an engineering scientist I am al­
ways interested in finding seemingly dif­
ferent phenomena that are governed by 
a single elementary law. When a simple 
law of physics is well understood in a 
familiar situation, its application to a 
new situation is made easier. Moreover, 
when we understand the application of 
a law to a variety of situations, we can 
say that we begin to understand the law 
itself. 

"Some months ago there was a dis­
Cllssion in your department of the speed­
ing-up of an artificial earth-satellite as 
the radius of its orbit decreases ["The 
Amateur Scientist"; January, 1958, and 
April, 1958]. The situation can be visu­
alized as follows. Consider the curious 
gait of the ticket collector on a moving 
merry-go-round. The fellow is not 
drunk; he walks that way because he is 
responding to a rather complex situation 
of relative motion. The horses near the 
outside of the merry-go-round have a 

greater velocity than those near the in­
side. vVhen the ticket collector moves 

Apparatus to demonstrate the Coriolis jorce, 

and how to make a kymograph out of a tin can 

from the outer horses toward the inner 
ones, he takes some of the velocity of the 
outer horses with him; as he takes each 
step it appears to him that the floor of 
the merry-go-round is moving backward. 
Moreover, the mass of the merry-go­
round, which is considerably greater 
than his own, slows him down and tends 
to throw him off balance. To be sure, the 
man also slightly speeds up the merry­
go-round. If he weighed much more and 
the merry-go-round much less, the pri­
mary effect would be to speed up the 
merry-go-round rather than to slow him 
down. In any case we can observe a rela­
tive acceleration arising from the inter­
action of the radial velocity of the man 
and the rotational velocity of the plat-

-
- ----

form. Formal mathematical analysis 
yields the same result, and we find that 
the acceleration is equal to twice the 
radial velocity multiplied by the angular 
velocity. 

"The effect can be demonstrated by a 
primitive experiment that all of us have 
made at one time or another. Swing a 
small weight in a circular orbit at the 
end of a string, and let the string wind 
up on your finger as depicted in the ac­
companying illustration [below]. The 
result is always the same. As the length 
of the string decreases, the speed of the 
weight increases. It is a law of nature. 
The string may be likened to a nearly 
massless merry-go-round, and the weight 
to a very heavy ticket collector. The 

--
--

i��· .}. � force tending to sp&ed up 
0=' � "-.J th& \Neight 

- �)� ....... . -- -
-� � 

inward radial � 
motion due t,.o � shortening of the string . 

A simple demonstmtion of the Coriolis force 
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I radiused cabinets to spe· 
cific without machining. Prefabricated die 
cast duraluminum corners and extruded duraluminum 
sections. Unlimited versatility! Currently used by lead· 
ing manufacturers and laboratories. The answer for 
any scientific, commercial or government application. 

For literature. 1vrite Dept.YD-4!O 
BRITISH INDUSTRIES CORP. 
Plrt L.I., N. Y. 

iih 'in" i;i·n. i;i j '­IDMUW*I#·i.!·i§NMi·1 
l£iij',):',)M(!4"j!B("ijH 

This valuable 3S-page book 
is yours for the asking! 

With artificial satellites already launched and space 
travel almost a reality, ostronomy hos become today's 
fastest growing hobby. Exploring the skies with a tele. 
scope is a relax Ing diversion for father and son olike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces· 
sories. It is of interest to both beginners and advanced 
amateurs. 

Content. inclue/e-
• ObselYinC Ihe sun, 

moon, planets and 
wonders of Ihe sky 

• Conslellation map 

• Hints for observers 

Please rush 10 me, free of charce, UNITRON's new Observer', 
Guide and Telescope CalalDl 6. B 
Name _____________ _ 

Slreel _____________ _ 

Cily Slale ____ _ 

1.--- ______ ..1 
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elliptic,,' 
orbit 

A representation of Kepler's law 

weight has a radial velocity toward your 
Rnger because of the shortening of the 
string. The radial velocity interacts with 
the rotational velocity to produce an ac­
celeration that is tangential to the path 
of the weight and thus acts to speed up 
the weight. Students of Newton's laws 
recall that 'force equals mass times ac­
celeration,' so that it is permissible to 
think of a force that causes the weight 
to speed up. The result is quite general. 
When a body in rotational motion also 
moves in a radial direction, a force acts 
to speed up the body if the radial mo­
tion is toward the center of rotation ( or 
to slow down the body if the radial mo­
tion is away from the center ) .  This force 
is called the Coriolis force in honor of 
Gaspard Gustave de Coriolis, a French 
engineer and mathematician of the early 
19th century. Both the speeding-up and 
the slowing-down effects can be ob­
served with the weight-on-the-string ex­
periment, speeding up as the string 
winds up on the Rnger and slowing 
down as the string unwinds. 

"So much for Rngers, strings and 
weights. In the case of an artiRcial satel­
lite the string is replaced by the force 
of gravity. When the orbit of the satel­
lite dips closer to the earth so that the 
radius of curvature of its path decreases, 
the satellite must speed up. This effect, 
when observed in celestial bodies, is 
usually explained in terms of Kepler's 
law, which states that the straight line 
joining a planet to the sun sweeps out 
equal areas in any two equal intervals 
of time [see illustration above ] .  

"The Coriolis force operates in  many 
earth-bound ways, not the least interest­
ing of which is the 'gyrotron.' This de­
vice is simply a tuning fork that is made 
to rotate on its 

'
long axis as its tines vi­

brate at right angles to the axis [see il­
lustration on page 186]. As the weighted 
tines move toward the center of rotation, 
the Coriolis force acts to speed up the 
rotation of the fork in perfect analogy 
with the weight on a string. As the tines 
move away from the center of rotation, 
the force reverses and so acts to slow 
down the rotation. The effect here is just 
the same as the one we observed with 
the weight on a string, except that in this 
case the law gives rise to an alternating 
torque: a torque because the changing 
force tends to twist the tuning fork on 
its axis; alternating because the force 
changes with the oscillation of the tines. 
The tines of a tuning fork pitched at 
middle C oscillate 256 times per second. 
In consequence the alternating torque 
also oscillates 256 times per second. 

"An important property of this alter­
nating torque is that it grows in magni­
tude in direct proportion to the rate of 
rotation of the tuning fork. This means 
that if a way could be found to measure 
the magnitude of the torque, we would 
have an instrument sensitive to rates of 
rotation, just as a gyroscope is. This in­
strument would have a number of ad­
vantages over the gyroscope : it would 
have no continuously spinning parts or 
complex gimbal rings ( hence nothing to 
wear out ) , and it would not need an 
erecting system. The puzzle of how to 
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San Diego Civic Center, an original painting by Sammy Pasto, COllvair/San Diego artist 

For electronics, physics and dynamics laboratories. 
Scientists and engineers holding advanced degrees are being 
selected now by Convair-San Diego for senior and staff posi­
tions. A recently completed $6,200,000 modernization pro­
gram in the Electronics, Physics and Dynamics Laboratories 
provides superb facilities and the very latest equipment. 

Research and development is currently in progress on infrared 
and optical systems, advanced radar and communications sys­
tems, recoverable boosters, anti-ICBM missile systems, hyper­
sonic transports, STOL/VTOL aircraft, high altitude nuclear 
burst effects studies, guidance systems, and submarine detec­
tion systems. 

Assignments are available now for specialists in Advanced 
Propulsion Systems, Fluid Dynamics, Gas Dynamics, Hyper-

CONVAIR/SAN DIEGO 

sonics, Aeroelasticity (nonstationary aerodynamics), Guidance 
Control (electronics systems), Experimental Shock Tube, 
Solid State Physics, Nuclear and High-Energy Radiation, Heat 
Transfer, Magnetohydrodynamics and Plasma Physics. 

Circuit, microwave and antenna engineers are also required 
for development of data link antennas, microwave multifunc­
tion shaped beam antennas, parametric amplifiers, and pre­
cision radar indicators. 

Your inquiry will receive a prompt reply, including a copy of 
Convair /San Diego's new Engineering Department Brochure. 
Write in confidence to Mr. M. C. Curtis, Industrial Relations 
Administrator-Engineering, Mail Zone 6-128, C�nvair/San 
Diego, 3302 Pacific Highway, San Diego, California. 

CONVAIR DIVISION OF GENERAL DYNAMICS 
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METAMORPHOSIS 

See your R&D metamorphose into 

u sab I e hard ware. Ou r Inertial 

Guidance System contracts require 

that we add to our staff. If you have 

3 to 5 years of experience, you 

probably qualify for a position of 

responsibility. Inquire today of Mr. 

C. T, Petrie, Manager, Research & 
Engineering Staff. 

. . 

. � � 

" 

ill LITTON INDUSTRIES Electronic Equipments Division 

Beverly Hills, California 

Rate Generator 
or Angle Reader 

Gurley Photoelectric Pulse Genera­
tor is a shaft-driven device deliver­
ing electrical pulses at output ter­
minals". Pulse frequency is directly 
proportional to shaft rpm ... Two 
basic uses: as a rate generator (out­
put frequency may be read in terms 
of shaft rpm) or as an angle-measur­
ing device ("total angle" is deter� 
mined by "totalizing" individual 
pulses). Write for brochure. 

w. & L. E. Gurley 
562 Fulton Street, Troy, New York 
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IF 
YOU 

LOVE TO 
CREATE 

••• BUILD THE 
FINEST 

STEREO & 

MONO HI-FI 

IICO ITS 
If you take pride in building with your own hands 
truly professional quality equipment • . •  you will 
want to look over the 70 EICO electronics kits for 
stereo and mono hi-fi, "ham" radio, citizens band 
radio, test instruments, and transistor portables. 

EICO KITS are designed to reward your own care­
ful handiwork with nothing less than the finest professional quality results - rugged construct ibn, 
intelligent layout, excellent parts, superb cir­
cuitry, superlative performance. They are a joy to 
build even If you have no electronics knowledge -
pictorial, step-by-step instructions guide you un­
erringly to a beautiful, precision assembly. Only 
EICO KITS are LIFETIME guaranteed - and you 
save up to 50%. 
Small wonder the experts praise EICO as "Best 
Buys In EleCtronics." Over 2 million are In use. 
Send for name of your local dealer and 

free iij:If#lll; catalog 
EICO, 33-00 Northern Blvd_ Dept. SA, L. I. C. 1, N. Y_ 

measure the alternating torque has been 
solved, One of the effects of the alter­
nating torque is to twist the shaft or 
shank of the tuning fork and thus to set 
up a torsional vibration there, This vi­
bration strains the material of which the 
shank is made, and the strain can be 
measured very accurately by electrical 
strain-gauges. 

"Incidentally, electrical strain-gauges 
are interesting in their own right. They 
consist essentially of fine wires glued to 
the surface of the shaft. As the shaft is 
strained, the wires are stretched a mi­
nute amount that alters their electrical 
resistance in proportion. The change of 
resistance controls the voltage output of 
a constant-current power-supply, The 
effect can be displayed by a voltmeter 
calibrated to measure the strain. 

"A model of the gyrotron which dem­
onstrates the effect in terms of sound is 
easy to make. A conventional tuning fork 
of the type sold by music shops is mount­
ed on a wooden base by means of a 

heavy metal bar [see illustration on page 
188 ] .  A lever attached to the shank 

up 

Tuning-fork demonstration of Coriolis force 
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Flames swept across the open plains as 
the Mongol hordes ran in terror from the 
.. arrows of flying fire". When the smoke 

had cleared the Chinese had won the 
battle of Pienking with the first rocket. 

Missiles have become greatly more 
sophisticated since this crude unguided 

arrow was propelled by gunpowder packed 

in an open-ended bamboo tube. Today, as a 
vital part of one of the world's largest 

electronics companies, Raytheon's Missile 
Systems Division is making significant con­

tributions to the art of missilry. The excit­

ing new Pin Cushion Project for selective 
missile identification, the constantly ad­
vancing Navy's air-to-air SPARROW III 
and Army's HAWK are examples of their 

outstanding creative work. 

We are seeking highly creative people to 
maintain Raytheon's leadership in this chal­
lenging field. For these people, Raytheon's 
Missile Systems Division creates a climate 
for talent - perhaps your talent. 

MISSILE: 
'15th CENTURY 

SPECIFICATION ENGINEERS . . . will 

prepare design specifications, clearly defin­
ing contractual obligations and responsi­
bilities. Close contact with design and 
development personnel to provide technical 
information necessary for specifications. 
B.S.E.E. or equivalent desirable, with 
strong electronic experience in radar, or 
missile systems. 

Please reply to Mr. Walter N. Wells, 

Professional Personnel, Missile Systems 
Division, Raytheon Company, 520 Winter 
Street, Waltham, Massachusetts. 

<@TH� MISSILE 
SYSTEMS 

DIVISION 

---====. � 
• . .  creates a climate for talent. 
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CREATIVE 
IMAGINATION 

� �  
PAPERS� 

* Mix cork in paper to make 
a gasket? HOW! Paper is made from 
a liquid batch. Cork Hoats. So how do you 
distribute it evenly throughout the batch? 
The Garlock Packing Co. came to Knowl­
ton and the problem was solved. The 
resulting gaskets seal better, last longer, 
cost less. 

KNOWLTON LIKES THE JOBS 
THAT STUMP OTHERS! . 

Beginning where others give up is a spe­
cialty with Knowlton. Perhaps you think 
that paper could never be made for the 
specific use you have in mind. But con­
sider paper's fundamental characteristics: 
relative lightness, economy, availability, 
uniformity. 

Sharpen Your Pencil . • •  

and Look Again! 
Paper-base components may well cost you 
a tiny fraction of components made of 
metal, cloth, glass, or plastics. And they 
may also give you vastly improved per­
formance. Let Knowlton's research, tech­
nical and pilot-plant facilities solve your 
problem simply, efficiently, and economi­
cally. 

A Few Conventional Uses of Knowlton Papers 

To ... 
Conduct 
laminate 
Copy 
Contain 

Dialyze 
Shape 
Insulate 
Record 

Cushion 
Rupture 
Shield 
Synthesize 

Development Possibilities are Unlimited. 
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WRITE for free copy of 
the helpful book, "Crea­
tive Imagination in the 
Development of Technical 
and Industrial Papers." 
PHONE or WIRE for a 
sales engineer to call. 

tuning 
fork 

Open-ended 
sound box 

-�'/ "'­( 

Gyrotron apparatus for sensing rate of tun, 

where it joins the fork communicates vi­
bration through a steel rod to the closed 
end of a box. This end acts as an oscil­
lating diaphragm. The opposite end is 
open. The box can therefore operate as 
a cavity resonator, just as an organ pipe 
does. If the tines of the fork are set in 
motion and the whole apparatus is 
turned about its vertical axis, the Coriolis 
force will set the upper end of the shank 
into torsional vibration. ( The bottom 
end is restrained by the heavy metal 
bar. ) It will be found that the volume 
of sound emitted by the cavity varies 
according to the rate at which the ap­
paratus is turned. The best res

'
ults will 

be obtained when the respective parts of 
the apparatus are tuned to the same 
frequency, that is, when the tines of the 
fork, the torsional vibration of the shan k 
and the resonator all respond to the 
same pitch. These responses can be cal­
culated, but beginners will have more 
fun if they cut and try until the best re­
sult is achieved. When this happy state 
is reached, the gyrotron will give forth a 
satisfying 'oowah' when given a turn. 

"Long before I had heard of the gyro­
tron, J. W. S. Pringle published in Philo­
sophical Transactions of the Royal So­
ciety ( Series B, 1948) a most interesting 

paper entitled : 'The Gyroscopic Mecha­
nism of the Halteres of Diptera.' ( Dip­
tera are insects that have two wings.) 
This proved to be a discussion of the 
mechanism that informs the insect of 
changes in its flight path. All the two­
winged insects, including the housefly 
and the' mosquito, have instead of an 
extra pair of wings ( most insects have 
four wings ) a pair of small, club-shaped 
organs called halteres ( singular : halter ) .  
As the insect flies about, it moves the 
hal teres up and down in much the same 
way as it beats its wings. Upon making 
a turn, the halteres exert an alternating 
torque on the body of the insect. The 
forces and motions at one instant of a 

right turn are indicated by the arrows 
in the accompanying illustration [top of 
page 190]. Pringle's work showed con­
clusively that the halteres act as a 'rate 
of turn' sensor. The torques generated by 
the halteres are picked up by nerve end­
ings at the base of each halter, trans­
formed into an electrochemical signal 
and transmitted to the insect's brain. 
This nerve impulse tells the insect not 
only that it is turning but also how fast. 
When the halteres are removed, the in­
sect cannot control its flight. 

"The halteres can best be seen on 
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Projects illustrations up to 3" x 
3%" and enlarges them. No film 
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 60 watt bulb, not included. 
Size 12" x 8" x 4 V2" wide. Weight 1 lb., 2 oz. 
Plastic case with built-in handle. 
Stock No. 70.199-S ............................ $·7.95 Postpaid 

American Made­
Over 50% Saving 

STEREO MICROSCOPE 
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 'l'rial. 
Stock No. 85.056-5 .......... $99.50 

f.o.b. Barrington, N.J. 

Low Puwer Supplementary Lens Attachment for above Stereo 
-pro\'ldes 15X down to 6X with clear, extra large 1*" 
field at 6X. 
Stock No. 30.276-S ............................................ S7.50 

TREMENDOUS BUY! 

War Surplus American-Made 
7xSO Binoculars 

Big savings! Brand new! Crys­
tal clear viewing-7 power. Ev­
ery optical element is coated. 
An excellent night glass-the 
size reC'ommended for satellite 
viewing. Individual eye focus. 
Exit pupil 7mm. ApprOx. field 
at 1.000 yds. is 376 ft. Carry­
ing case included. American 
7 x 50's normally cost $195. 
Our war surplus pl'ice saves you real money. 
Stock No. 1533-S .................... only $55.00 pstpd. 

(Tax included) 

CLOSE OUTl MECHANICAL DRAWING SET 
Regular Pri'ce $18.00 
Our Price Only S8.00 Pstpd. 
American mfr. couldn't com­
pete with foreign imports­
thus you get a terrific bar­
gain, even far below import 
prices. 10 handsome pieces 

in velvet-lined case. Nickel plated brass-precision 
American-made. \Ye guarantee you'll be satisfied or 
money rerunded. 
Stock No. 50.200-S ........................ $8.00 Postpaid 

24" GOOSENECK MAGNifiER 
WITH CLAMP-ON BASE 

A 3" diameter magnifier 
mounted on a 24" long flexible 
gooseneck. Clamp it on ma­
('hines, desks, worl,benches. 
etc. Clamp opens to 11:1'16". 

Stock No. 70.235-S .......................... $8.95 Postpaid 

60" ANTI-AIRCRAFT SEARCHLIGHT 
Adaptable to Solar Furnace, Research and Tracking 
Uses! GOyt. cost $25.0000! 

A Trcmc:1dous Bargain! 
Used by COIwair in high Tempera. 
ture metallurgical research-de­
termining qualities of refractory 
materials and ceramics . . used by 
Kennecott Tle�earch Center in stud­
ics seeking less costly methods of 
extracting and refining metals. 
Searchlight is 87" high. 66" wiele, 
100" long on trailer type mOllnting. 
Weight is 2,!J50 lbs.-shipping wt. 
6.000 lbs. 

Stock No. 85.033-S ..... .......................... New • •  but 
weathered ........ S750.00 f.o.b. Ohio 

Stock No. 85.074-S .................... Use:l ........ S550.00 

����, ��a�������C-:;6�li�li�I.O�;�lel��\�t�·lb·Ps��g�::�:b!��: 
WI.ite for Bulletin 44-5 (Iescribing these. 

See the Stars. Moon. Planets Close Up! 

3" ASTRONOMICAL REFLECTING TELESCOPE 
60 10 180 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating planet I\I;:Irs. 
huge craters on the Moon. Star Clusters. Moons of Jurdtl'r in 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high-speed f/IO mir'l""r. 
Telescope comes equipped with a 60X eyepiece and a 1l1Ulllltl'd 

¥:r!��p�:n�iw���ln;o 
Y

e�'!e�8af:> 1�8�lsgoine:"ud��. O$:����. Fh�,�,�� 
wood, portable tripod. 

Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year-old student. 

FREE with Scope:-Valuable STAR CHART plus 272 page "HAND­
BOOK OF HEAVENS" plus "HOW TO USE YOUR TELESCOPE" BOOK 

Stock No. 85.050-S .................................... $29.95 Postpaid 

BUILD A SOLAR ENERGY FURNACE � Easy! Inexpensive I 
. '\Te furnish Instruc-, 

tions. This sun 
. ' powered furnace 

will generate ter­
rific heat-2000° 

\ to 3000°. Build with 
, 'I your scrap wood 

TELESCOPE! Up ta 255X 
With this scope you can see everything as 
above but with greater power plus will 
split finer stars. Mirror has twice the 
light gathering power. Mirror guaranteed 
to give theoretical limit of resolution. 
Raek and pinion focusing. hardwood tri­
pod, real equatorial mounting-only one 
adjustment follows stars! Aluminum tube. 
6 power finder telescope. 2 standard size 
eyepieces and mounted Barlow lens give 
you powers or 40X. 90X, 120X, and 
255X. Low-cost accessory eyepiece avail. 
able for higher powers. FREE with Scope: 
-Valuable STAR CHART plus 272 page 
"HANDBOOK OF HEAVENS" plus "HOW and our }"resnel 

Lens-14" diameter . . .  . f.l.14" TO USE YOUR TELESCOPE" Book. Shipping weight 25 Ibs. 

Stock No. 70.130-S Stock No. 85.006-S .............................................. S74.50 f.o.b. 
Fresnel Lens .................. $6.00 Pstpd. Same Telescope as above but equipped with Electric Clock Orive-

Stock No. 85_094·5 ............. .. ........ . 5111.50 F.O.B. Barrington, N. J. 

WAR SURPLUSl-INFRARED SNOOPERS COPE 

Kits 
Shape Your Ideas Fastl 

Scientists. executives, planners, de­
signers-ail find D-STIX simplify \'is­
ualization and demonstration of complex 
ideas. D-STIX-coiored wood sticks %" 
thick and "easy-on" rubber joints ap­
prox. 3/16'" diam.-help you work wt 
molecular structures. geometric figures, 
structural member,;, shapes. models of 

OFFSPRING OF SCIENCE • . .  REALLY 
BEAUTIFUL CIRCULAR DIFFRACTION GRATING 

CUFF LINKS ANO EARRINGS 
A Dazzling Rainbow of Color! 
As a scientific phenomenon, this new 
kind of jewelry is capturing atten­
tion everywhere. Shimmering rain· 
bows of gem-like color in earrings 
and cuff links of eXQuisite beauty­
made with CIB.CULAR DIli'FH.AC­
TIO� GB.ATIl\'G REPLICA. Just 
as a prism breaks up light into its 
full range of individual colors. so 
does the Diffraction Grating. 

30.349-S-Earrings (clip style) 
Tax incl. $2.75 Pstpd. 

Stock No. 30.350-S-Cuff Links 
Tox incl. $2.75 Pstpd. 

Take Telephoto 

Shots Thru 

7 x SO 
MONOCULAR 

scientific allParatus. Used by profession- I:;:-:':"-;::�� made instrument-war 
al men, educators. hobbyists. Big basic kit contains 230 or .-:;-....... : .; -...... . Go\'t. 7 x 50 Binocular. Used 

day and night and to take 370 pieces. Additional parts in supplementary kit. Far o;cc-:.c�·.cc,'·c;"'_ .. :-. 
superior to kits of wood or metal. Money-back guarantee. 1���oCl',a.tl�lg .-!��e�'�o';o 

Stock No. 70.209-5 (230 pcsJ. ........... S3.00 ppd. 

. camera. Brand new. . we close these out 

Stock No. 70.210-S (370 pcsJ. ........... S5.00 ppd_ 
Stock No. 70.211-5 (452 pcs) ............ $7.00 ppd. 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits 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 
70.006-5 
70.007-5 

Dia. Mirror Thickness Price 
4'1.' 3,.... $ 7.50 postpaid 
6" 1" 11.95 postpaid 
8" PI," 19.50 postpaid 

10" P,.... 30.75 postpaid 
12" 2'/," 54.75 postpaid 

NOTICE: EDMUND IS NOW HEADQUARTERS FOR MATH 
LEARN I NG AND TEACH I NG A I DS! SEE DOZENS OF OFFER­
INGS IN OUR FREE CATALOG-"S" 

NEW! CIRCULAR SLIDE RULE! 
Pocket Size-fast-Easy to Use! 

Be a Math Whiz! New Circular 
Slide Itule llluitiplies, divides, 
figures fractions, percentages, 
squares, cubes, roots, proportions, 
c i r c u m f e re n c e s ,  areas, retail 
prices, fuel consumption. Elimi­
nates the confusions of ordinary 
slide rules. Directions included. 

.. ............ $4.95 postpaid 

mounting hints included. 
.................... $15.00 Pstpd. 

It's here-after decades of effort. Replica 
Gratlng--(ln tllm-at very low price. 
Breaks up white light into full spectrum 

.bb;;jo�F= �l�r��e�.
n ���;��50�isgl:it·

I.I�3, ��� ��:I� 
used to answer more Questions about the 
structure of the material world and the 
universe than any other single device. 

Use it fot' making spectroscopes, for experiments, as a 
fascinating novelty. First time available such large size-­
so cheaply-comes in clf'ar plastic protector. 

Stock No. 50.202-S-ine1udes 2 pes. 8" x 5',1,"-1 

transmission type, 1 refiecting type. 52.00 pstpd. 

Vf:��E FREE CATALOG-S 
128 Pages! Over 1000 Bargains! Huge 
selection of lenses. prisms. war surplus optical 
instruments, parts and accessories. Telescopesr 
Microscopes, Binoculars, Snip­
erscopes, science experiment 
items. math learning and 
teaching a ids. Request Cata­
log-S. 
EASY PAYMENT PLAN AVAIL­

ABLE! DETAILS WITH CAT· 
ALOG! 
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NEW 
IPIR1ECllSITON 

for your films 

NEW 

Elc)L-e:� 
H-16 REFLEX! 

New Variable Shutter Adds 
Exposure Control to 16mm Movies 

CONTROL EXPOSURE more precisely 
than ever before-cut down glare . . . 
sharpen fast-action subjects ... and wash 
out unwanted backgrounds. Makes possi­
ble perfect fades and lap dissolves. 

SHOWN ON CAMERA is the REXO­
FADER, a fading 
device that automat­
ically times fades for 
pre-set number of 
frames. Optional at 
$37.50. 

WITH THE BOLEX REFLEX SYSTEM, 
you view and focus through the shooting 
lens. No parallax, no figuring distance. 
Insures exact centering of subject in mac­
rophotography-field scenes without a 
doubt about focus. 

OTHER H-16 REX FEATURES: gov­
erned speeds from 12 to 64 fps, footage and 
frame indicators, time exposure setting, 
plus over lO other professional extras as 
standard equipment. Priced from $400.00 
with Lytar 1" F/l.S lens. Lenses shown 
are optional at extra ·cost. Available on 
convenient terms; write today for litera­
ture and the name of your Bolex dealer. 

All prices include Federal Excise Tax where 
applicable. 

PAILLARD Incorporated 

100 Sixth Avenue, New York 13, N.Y. 
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motion 

f 
I' 

How 1I mosquito applies the principle of the gyro/.ron 

some of the large species of Diptera. The 
crane fly is easy to catch in the garden 
on a late-summer day because he is a 
large fellow, measuring an inch or more 
in length. His halteres are nearly a quar­
ter of an inch long and clearly visible to 
the unaided eye. If he is not pinched too 
vigorously when he is caught, he will 
oblige the amateur observer by alter­
nately shaking and resting his halteres, 
thereby giving a splendid exhibition of 

motion dut:; 
to 

how they operate. A mosquito is built in 
much the same way, but of course on a 

smaller scale. The observer thus needs a 

light touch to capture one without dam­
aging it, and a hand glass to see the 
halteres in action. The housefly is easier 
to catch, but harder to observe. Its hal­
teres are hidden away from the slip­
stream in a cavity between its thorax and 
its abdomen, and are protected by a pair 
of tiny plates called squamae. The 

force 

twist applied 
by hand 

� I 
�--../ 

, 
, 

'I 

/ 

A simple gyroscope for demonstrating 1I bllsic law of dYf",mics 

© 1960 SCIENTIFIC AMERICAN, INC



The man who 
wouldn't give up 

500 MASSED ROCKETS shook the brand·new 
Brooklyn Bridge, screamed up into the May eve­
ning and showered the city with red and gold. 

While behind a darkened window, a big, gaunt 
man sat and watched, too crippled and pain­
wracked to attend the opening day festivities for 
the bridge. 

This was a pity, for he had built it. 
Which means that when money gave out, Chief 

Engineer Roebling pleaded for more. When dis· 
turbing changes of plan had to be made, Roebling 
fought them through. And when a hundred pan­
icked men were trapped under the East River in a 
flooded caisson, Roebling saved them. 

Spinning the giant steel spiderweb not only 
exacted 13 years of Roebling's life, from 1870 to 
1883, but very early in the game it crippled him 
forever with the caisson disease. 

But he never gave up, saw the job through to 
the end. His were the courage, skill and vision 
that make Americans a nation of great builders­
a strong, growing nation. And a nation whose 
Savings Bonds rank with the world's finest in­
vestments. 

For the constructive strength of 168 million 
Americans stands behind these Bonds. This is why, 
when you buy U. S. Savings Bonds, our Govern­
ment can absolutely guarantee the safety of your 
principal- up to any amount- and the rate of in· 
terest you receive. 

You cannot get a better guarantee than that. 
Why not invest in U. S. Savings Bonds regularly 
-where you bank or through the Payroll Savings 
Plan where you work? And hold the Savings 
Bonds you have. 

Safe as America- u.s. Savings Bonds 
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A SKILLED HAND IN CHEMISTRY . • •  AT WORK FOR YOU 

NOPCO® 
LOCKFOAM 

pour-in-place 
plastic 

for 
industry 

As one of the pioneers in foamed­
in-place plastics, we have the 
experience to adapt the special 
properties of urethane foam to 
the benefit of many different in­
dustries. Without large initial 
investment, Nopco Lockfoam can 
be used in batch volume or on a 
production-line basis with fully 
automated equipment. Lock­
foam's unique quality of foaming 
in place opens up a vast number 
of uses in thermal insulation, 
structural reinforcement, potting 
and packaging-and its dielectric 
properties give it an important 
role in the electrical field. 

Nopco field engineers and rep­
resentatives will work directly 
with your own engineers and 
designers. 

® 

NOPCO CHEMICAL COMPANY 
PLASTICS DIVISION 
North Arli ngton, N.J. 

4858 Valley Boulevard, Los Angeles, Calif. 
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drum - one-or two­
gallon cG\n 

shelf p3.p€r 
shiny side. out 

The tin-can kymograph set up to record the contractions of a frog muscle 

squamae are located just behind the 
wings and cover the joint between the 
thorax and the abdomen. The plates 
must be lifted to see the halteres, and 
again a good magnifying glass will be 
needed. 

"Since it is so well established that the 
hal teres of the two-winged insects act as 
a turn-rate sensing device, it would be 
interesting to know whether the four­
winged insects use their wings for the 
same purpose. The dynamic forces ex­
erted on a wing are the same as those 
on a halter; all that is necessary is a 
nervous system adapted to pick up the 
signal. Perhaps amateurs who enjoy ex­
periments in both mechanics and zoolo­
gy will wish to explore this problem. 

"I have mentioned gyroscopes. The 
combination of linear motion and turn­
ing motion in this apparatus gives rise, 
as always, to the Corio lis force. In the 
case of the gyroscope the linear motion 
is found in the spinning mass. Being uni­
directional, this action produces a con­
tinuous-not alternating-set of Coriolis 
forces. A steady torque is accordingly 
generated by rotating the gyroscope as 

shown in the accompanying illustration 
[bottom of page 190]. In this gyro the 
mass is shown as a pair of weights corre­
sponding to the tines of a tuning fork or 
the halteres of a fly. The conventional 
gyro uses a wheel, of course, rather than 
a pair of weights. The effect of the Corio­
lis force acting on a wheel can be ob­
tained by adding up the effects of such 
forces on the elementary parts of the 
wheel. This is a mathematical problem 
called integration that I have discussed 
in 'The Amateur Scientist' [August, 
1958]. When the necessary mathemati­
cal steps are taken, the whole set of 
phenomena called gyroscopic action is 
readily explained." 

O n one occasion or another most ex-
perimenters and science teachers 

have need for a recording apparatus that 
can automatica1ly plot the movement of 
a pen or a stylus against time. They usu­
ally find some alternative, because the 
price of commercial recorders begins at 
$ 100 and has a fast rate of climb. Nor­
man D. Weis, an instructor at Casper 
College in Casper, Wyo., was confronted 
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engmeers 
physicists 

metallurgists 
chemists 

succe�� ' 6 0 

FORECASTS for 1960 by Texas Instruments Semiconductor-Components division presaged the most 

thriving period in its already unprecedented history of solid expansion . • Now there is abundant factual 
confirmation of the predicted operational acceleration. This assures proportionately accelerated futures 

for additional numbers of gifted electronic specialists in the infinite, relatively embryonic semiconductor 

field . • T /I's Semiconductor-Components division has always advocated unhampered individual freedom 
in thought and experimentation. Thus, ingenious top-talent scientists, engineers, metallurgists and 

chemists are assured unimpeded opportunities for challenging creative professional attainments­

matched by personal recognition and liberal recompense. 

Obtain detailed descriptions of currently 
available T II S-C professional assignments 
in your field and facts about advanced S-C 
plant facilities, liberal personnel policies and 
Dallas living costs, by mailing coupon for 

"TIPS" brochure today, 

TEXAS J2nS\ INSTRUMENTS � IN C 0 R P 0 R AT E D 

SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 • DALLAS. TEXAS 

�---------------------------, 
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TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
P. O. Box 312, Dept. 104 
Dallas, Texas 
Please send me TIPS, containing specific 
facts about now available Til S-C assign­
ments in my field, and related information. 

NAME 
ADDRESS, ____________ ______________ __ 

CITY .STATE ________ __ 

My professional field is ______________ _ 

My specialty is ____________________ __ 

�---------------------------
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<'i@!!Q1> 
What Would Paint 
Savings Like This* 
Mean in YOUR 
Finishing Department ? 
Quality is all important in the production 

of fine Metalcraft furniture by George 

Koch Sons, Inc., Evansville, Indiana. 

That ' s  why they use the Ransburg 

Electrostatic Hand Gun to apply a uni­

form clear coating on their brass-plated 

furniture. The protective coating is baked 

on. Although the bulk of their present 

production is in the popular brass line, 

they still paint the metal furniture in a 

variety of colors with the Hand Gun. 

Painting is CLEANER . . .  QUICKER . . .  C H EAPER 

with the Ransburg Electrostatic Hand Gun. 

* 1 0  GA L LON S OF PA INT 
NOW DO E S  THE JOB 
WHICH FORM E R LY TOOK 
30 GA L LON S 
On one item-a TV table-they formerly 

used 30 gallons of enamel to coat 1000 
units by combination dip and air spray 

method. Now-with the Ransburg Elec­

trostatic Hand Gun, they paint 1000 tables 

with only 10 gallons. And, they get a 

better, more uniform coating, too. 

No Reason Why You Can't Do It Too ! 
See how the Electrostatic H a n d  Gun can save time 
. . .  p a int . . .  a n d  cut costs in YOUR finishing de· 
p o rtment. Or, . if  your p rod uction justifies, it'l l  p a y  
y o u  t o  investi g a te Ransburg's  a utom a tic electro. 
static spray pa inting equipment. W rite for our 
No. 2 Process b rochures which show numerous ex­
a m p les of modern prod uction po inting in both 
l a r g e  and s m a l l  p l ants. 

RANSI1URG 
Elecf:ro - Coaf:/ng Corp. 
60x-231 22, I nd ianapol is  23, I nd iana 
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by the problem last year while he was 
doing graduate work at the University 
of Colorado, and he decided to meet it 
head-on. He calls the result the tin-can 
kymograph. Basically Weis's instrument 
consists of a motor-driven drum mounted 
vertically on a thrust bearing and fitted 
with a sheet of smoked paper on which 
the graph is traced by a mechanically 
actuated stylus. 

"The cost of this apparatus," writes 
Weis, "will vary from nothing to as much 
as $ 10, depending upon the builder's 
talents for adapting and scrounging. The 
secret of the low cost is found in the 
method of driving the drum that trans­
ports the record sheet. Instead of cou­
pling a motor to the axle of the drum by 
means of gears, as is done in conven­
tional designs, my drum is driven at its 
edge by frictional contact with an ex­
tension of the motor shaft. Moreover, 
when the apparatus is used to chart the 
respiration of a human subject, the 
stylus is actuated by a length of thread 
anchored by a book instead of the ex­
pensive chest-expansion tube and tam­
bour-needle assembly familiar to stu­
dents of biology. The original model of 
my apparatus, which is depicted in the 
accompanying illustration [page 192] ,  
i s  currently employed at  Casper High 
School. 

"The stylus assembly can be moved 
up and down the drum as desired, thus 
providing for several recordings on one 
sheet of paper. The number of record­
ings per sheet is limited only by the am­
plitude of the stylus excursions. Although 
normally actuated by a mechanical link 

improvis ed 
thumb �crew� 

�" 7 
.01" spri ng 
brcl�:;' or 
pho:;phor bronoze 

Detail o f  stylus for kymograph 

Detail of drive for kymograph 

in biological observations, the stylus may 
be coupled to any desired sensing de­
vice and driven pneumatically, electri­
cally or otherwise. 

"A gallon can of the kind used for 
shipping fruit juice or syrup serves as 
the drum. The can is weighted with 
about an inch of plaster of Paris. An 
accurately centered hole 1 /4 inch in 
diameter is drilled through the top and 
bottom. One or more additional small 
holes in the top equalize the air pressure 
inside the can with that of the atmos­
phere. The drum turns on a shaft made 
of 1 /4-inch drill rod, or other straight 
material, inserted through the centered 
holes of the can and soldered in place. 
The ends of the shaft extend beyond the 
can two inches at the top and lJ� inches 
at the bottom. The bottom of the shaft 
should be cut square and smoothed with 
a fine stone . The drum assembly is sup­
ported by a thrust bearing : a piece of 
plastic 1/2 inch thick drilled with a cen­
tered hole 3/8 inch deep. A steel ball 
1 /4 inch in diameter is placed in the 
bottom of the hole. The shaft turns on 
this ball. The upper end of the shaft is 
supported laterally by a simple journal­
bearing : a hole through a piece of 1 6-
gauge sheet metal screwed to a solidly 
braced column of plywood. The base 
to which the column, thrust bearing and 
other components are screwed, is a piece 
of plywood 3/4 inch thick, 12 inches 
wide and 16 inches long, finished with 
shellac. It rests on four rubber buttons 
of the kind used on the bottom of chair 
legs. The drum assembly is removed 
from the instrument simply by lifting it 
from the thrust bearing, swinging the 
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IS YOUR 
FUTURE 

HERE ? 

PROPULSION 

ELECTRONICS 

I f  your advanced degree and exper i ence conform with the spe­

c ia l t ies  l i sted he re ,  you w i l l  f ind at Boe i ng-Wich ita an  immed iate 

and un i que  opportun i ty for p rofess iona l  and  persona l  advance­

ment .  Our  vast ly  expanded l ong-range program of advanced n ew 

product des ign has c reated many cha l l eng i ng  and  rewa rd i n g  

ass ignments at h igh l eve ls  f o r  creat ive sc ient ists and  eng ineers 

who . . .  

· . .  a re capab le  of conduct ing research ,  design 

and test eva l uat ions p romoti ng opti mum th rust 

and effi c i ency of subson i c ,  superson i c  and hyper­

son ic  systems and i n sta l l at ions i n  new a i r  and  

space veh i c l es. 

· . . can conduct resea rch ,  des ign ,  w ind  tunne l  

tests and ana lys is  of performance  character­

ist ics of p roposed weapon systems;  estab l ish 

bas ic  aerodyna m i c  conf igurat ion pa ramete rs; 

est imate pe rformance capab i l i t i es  and pred ict  

stab i l ity and contro l  cha racte r ist ics with in  the  

l i m its of the foreseeab l e  state·of-the·a rt. 

· . .  can perform research ,  a na lys is  and  deve lop­

ment  in the fi e ld  of countermeasures, i n c l ud i n g  

i n fra-red, u l tra·v io let  and  opt ics .  Must be ab l e  

to  advance from present systems to pred i cted 

future requ i rements to advance the state·of·the­

a rt i n  defense and offense weapon systems. 

· . . can des ign and  develop antennas  provid i n g  

des i red rad i at ion  patte rns:  des ign spec i a l  h igh 

pe rformance transm iss ion l i n es to effect max i ­

mum power transfer between  the antenna  and 

associ ated eq u i pment ;  des ign m i c rowave meas­

urement and  spec i a l  p u rpose test equ i pment. 

For prompt action i n  capita l i z ing on these and s i m i l a r  career opportu n i t i es, 

contact Mr. Melvin Vobach,  Boe ing  Ai rp l ane  Company ,  W ich i ta 1, Kansas. 

195 

© 1960 SCIENTIFIC AMERICAN, INC



1 96 

AN I NVITATI ON  
TO J O I N  ORO  

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak­
ing. I t  employs the services of 
mathemat icians, physicists, econo­
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non­
governmental organization, you 
will become one of a team assigned 
to vital mi l itary problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe­
rience of ORO. Founded in 1 948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision­
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien­
tific capabi lities. For example, staff 
members are taught to "program" 
thei r own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com­
petitive with those of industry and 
other private research organiza­
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea­
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is  located. 
Attractive homes and apartments 
are within walking distance and 
readily available i n  all price ranges. 
Schools are excellent. 

For further information write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFF ICE I� 

The Johns Hopk i n s  Un iversity 
6 9 3 5  A R L I N G T O N  R O A D  

B E T H E S D A  1 4 , M A R Y L A N D  

How the kymograph is used to chart respiration 

shaft to one side and sliding it out of 
the upper bearing. 

"Any small motor will serve for the 
drive, but construction is simplified by 
using a motor with built-in reduction 
gears. Mine was taken from a mechani­
cal toy that operated from a two-cell 
battery. Similar motors are sold by hob­
by shops and toy stores for use with 
model-construction kits. The drive shaft 
should turn at a rate of about 30 revo­
lutions per minute. The shaft is fitted 
with a series of frictional rollers of in­
creasing diameter. These are made of 
rubber tubing; a relatively long piece 
that makes a snug fit with the shaft is 
first pushed over the shaft. Progressively 
shorter lengths of increasing diameter 
are then telescoped over the first length. 
My rollers were made from three sizes 
of tubing : 1 /8, 3/16  and 1 /4 inch, as 
shown in the accompanying illustration 
[top of page 194 ] .  

"The active components of the stylus 
assembly include the stylus and its sup­
porting lever arm together with a sec­
ondary fixture that is electrically insu­
lated from the remainder of the appa­
ratus [bottom illustration on page 194] . 
These parts are supported by a movable 
block that rides on and clamps to a ver­
tical post attached to the base by a 

flange. The post may be made of drill 
rod 3/8 inch in diameter. Any handy 
material, such as steel or plastic, may 
be used for the block. The lever arm 
of the stylus assembly is drilled in the 
middle and mounted on the block by a 
screw and washers. It must turn freely. 
The edges of the lever arm are drilled 
with holes 3/32 inch in diameter spaced 
at 1 /4-inch intervals. These make it pos­
sible to balance the stylus by hooking a 

small weight to the bottom of the arm, 
and to attach specimens or apparatus to 
the top of the arm. A secondary post of 
1 /4-inch stock extends from and above 
the movable block. This supports a sec­
ond block made of insulating plastic, to 
which a metal strip is attached that will 

hold the upper end of a speCimen. The 
lower edge of this strip is drilled with a 

set of holes to match those in the upper 
edge of the lever arm. The blocks are 
secured to their respective posts by 
thumbscrews. This arrangement permits 
the entire stylus assembly to be shifted 
vertically merely by loosening the 
thumbscrew that clamps the lower block. 

"I find that recordings made on highly 
calendered ( slick ) shelf paper are quite 
sharp and easy to read. A 25-cent roll of 
paper lasts for months. The paper is cut 
to match the depth of the cylinder and 
long enough to wrap around it with 
1 /4-inch overlap. The direction of the 
wrap should be chosen so that the stylus 
slides off the top of the overlap-other­
wise it may catch and tear the edge of 
the paper. The overlap is stuck together 
by bits of Scotch tape. The paper may 
be smoked over almost any flame defi­
cient in oxygen : a Bunsen burner with 
the air supply closed, a candle or a kero­
sene lamp. 

"Graphs of respiration are made by 
stretching a thread over the chest of the 
subject, tying one end to the lever arm 
and anchoring the other under a book. 
( If the subject should sit up suddenly, 
the thread slides from beneath the book 
and spares the apparatus. ) Variations in 
respiration can be observed by having 
the subject rest for a few minutes prior 
to starting an experimental run or, con­
versely, by having him exercise vigor­
ously immediately prior to the run. Mus­
cle contraction is recorded by attaching 
a bit of muscle from a frog or some other 
experimental animal between the lever 
arm of the stylus and the insulated fix­
ture. Contraction is stimulated by ap­
plying a pulse of high voltage across the 
ends of the muscle. Warning : Do not 
take the pulse from a high-current 
source such as a l lO-volt power line. To 
do so invites accidental shock and pos­
sible injury. Small 'B' batteries of the 
kind used in portable radio sets are safe 
and completely adequate." 
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AMAZING NEW DEVICE FOR MEMORY AND lOGIC 
"s" WIRE" represents a recent N C R  
breakthrough i n  magnetic data storage 
and logic devices. Pictured above, in a 
linear memory employment, "Bit Wire" 
is a conductive wire electrodeposited with 

magnetic material .  It offers the advan­
tages of reliability , flexibility, and greater 
switching speeds . . .  economic and compact 

component fabrication. In addition, this 
amazing wire is useful over a wide range 
of temperatures . Memory and logic are 
but a few of the applications to which it 
is ideally suited.  Perhaps you can qualify 

for a rewarding career with this unique 
device . . .  or with other challenging N C R  

proj ects . .  . 

CHEMISTR Y :  Plastics and polymers, micro-en­
capsulation (of l iquids or reactive solids ) ,  

p h o t o c h r o m i c  m a t e r i a l s  (co m p o u n d s  
which can b e  alternated between two 
distinct color states ) ,  magnetic coatings. 

DATA PROCESSING : Computer theory and 
component development, programming 
studies, high-speed non-mechanical print­
ing and multi-copy methods, direct char­
acter recognition ,  systems design . 

SOLID STA TE PHYSICS : Electro, chemical , and 
vacuum deposited magnetic films ferrites 
and ferro-magnetics, advanced magnetic 
tape studies, electroluminescence-photo­
conductor investigations. 

A D VANCED ENGINEERING DEVEL OPMENT: H i g h ­

speed switching circuits, random access 
memory systems , circuit design (conven­
tional , printed, etched) ,  advanced electron 

T H E  N A T I O N A L  C A S H  R E G I S T E R  C O M P A N Y, D A Y T O N  9, O H I O  

O N E  O F  T H E  W O R L D ' S  M O S T  S U C C E S S F U L  C O R P O R A T I O N S  

76 YEARS OF HELPING B USINESS SAVE MONEY 

beam type storage . The l ocation of the 
new N C R  Research and Development 
Center is progressive, energetic D ayton, 
Ohio. Facilities are extensive - a  veritable 
"city within a city . "  

COMPLETE INFORMA TION is yours by sending 
your resume to Mr. T. F .  Wade, Technical 
Placement Section F8- 1 ,  The National 
C ash Register C ompany, D ayton 9, Ohio.  
All correspondence will be kept strictly 
confidential.  
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EXPAN D I N  TH E FRONTI ERS OF SPACE TECHNOLOQY 
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established engineering 
be tired as individual units into space, on 

there assembled. To solve the major problems of how men 
during the assembly process, Lockheed has prepared 
of an astrotug � a manned vehicle housing a crew 

"lal.mc:n�:1. the astrotug will be capable of supporting its crew 
en:VlfC:>nrnerlt of suitable atmosphere, artificial gravity, 

I" e�"erci�e_ relaxation, bathing facilities, medical care, 
and wate�. 

compl�ely independent working vehicle. Personnel need 
in order to work on the project' of assembling the space 

" """'wn in the diagram. the tug consists of two double-walled 
Klm,ate.ly 20 feet long overall and 9 feet in. inside diameter, 

an'anl�e<1 for maneuvering. On the forward end, 
mecbllDilcal manipulator arms with interchangeable ;'hands" 

welding, hammering, cutting, running 
changed by remote control from inside. Viewing ports 

provide Radar antennas, searchlights, and other 
equipment necessary to the tug's work are mounted externally. Main controls and 
instruments including radar, radio, infrared, computers and navigation consoles are 
duplicated in eacb of the two major compartments as a safety measure. 

Men working in single units afloat in space suits would have little applicable 
force and could work for very limited periods of time. With the Lockheed astrotug, 
personnel could carry on the work in relative safety and comfort with maximum 
efficiency. A specialreentry vehicle, separate from the astrotug, has been conceived 
for ferrying to :ind from earth. Tugs themselves would remain floating in orbit 
indefinitely. being reprovisioned and refurbished as fresh crews arrive 'in relief. 
Space vehicle development is typical of Lockheed Missiles and Space Division's 
broad diversification. Thei{)ivision possesses complete capability in more than 
40 areas of and tec;hnology-from concept to operation. Its programs 

S¢inatin:g chaJlIeJlge to creative engineers and scientists. They include : 
research and development ; electromagnetic wave 

m.::.el1ectrofncs ; the flight sciences ; human engineering ; 
in space; materials and processes; applied 
operations research and analysis ; ionic, nuclear 

OhlSI11a "or()J)tllsj.on al1l<1 4eX()tic fuels; sonics ; space communications ; 
me<1icjne; sl)acl�J).:aVligatJIOn ; and space physics. 

Such programs reach far into the future and deal with 
en'VIf()nrnellts. It is a rewarding future with a company 

of progress and achievement. If you are experienced 
in related work, we invite your inquiry. Please write : 

Dept. 0-36, 962 W. EI Camip.o Real, Sunnyvale, 
S: citiZel1S11ip or existing Department of Defense clearance required. 

Program and the 
Force X-7 .. and A rmy KINGFISHER 

SANTA CRUZ. SANTA MARIA. CALI FORN IA 
AMOG'ORIOO. NEW M EXICO . H AWAII 
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NOTA B LE DEVELO P M E NTS AT J P L  

H Y P E R S O N I C  W I N D  T U N N E L 
O n e  of the l atest research fac i l ities at 

the J et Pro p u ls ion Laboratory is the re­
cently co m p leted , cont i n u o us-flow hyper­

so n i c  wind t u n n e l .  Deve lo ped by the Lab, 

this n ew t u n n e l  generates a i r  speeds u p  
t o  ten t im es t h e  speed o f  sou n d .  Its 2 1 -
i n c h  s q u a re test section p rovides acco m ­

m o d a t i o n  fo r m o d e l s  u p  to fo u r  feet l ong 
t h u s  permitt i n g  i n creased model  i n stru­

m e n t a t i o n .  Th i s  l a rge test sect i o n  at 
M a c h  10 with a cont i n uous u n iform a i r  

f l o w  b ro a d e n s  J P L c a p a b i l it i e s  i n  t h e  
i m porta nt a rea o f  f l u i d  dyn a m i c  resea rc h .  

T o  m i n i m ize structu ra l deflect ions d u e  
to t e m p e ra t u re c h a n ges a n d  t h u s  t h e  
t i m e  req u i red t o  rea ch eq u i l i b ri u m  con­

d i t i o n s ,  t h e  e n t i re t u n n e l  s t r u c t u re i s  
water cooled a n d  housed i n  a n  a i r  c on­
d i t i o n e d  b u i l d i n g .  A n y  Ma ch  n u m b e r  
between five a n d  ten c a n  b e  precisely 
set by means of flexi b l e  sta i n less steel 

n ozz le p lates that a re posit ioned to a te n -

thousa n dth o f  a n  i n c h .  Ca l i b ration resu lts 
i n d i c a t e d  s a t i sfactory s o l u t i o n  of t h e  

design p roblems encountered. 
The high s peed data-acq u is it io n ,  red uc­

t i o n ,  and presentation system is designed 
for h i g h  p rod uction test i n g  of t h e  nat ion's 
m o st a d va n c e d  m i s s i l e s  a n d  r e - e n t ry 

configurations.  Sta b i l ity a n d  contro l  phe­
n o m e n a  i n  n ew reg i m es c a n  be stu d ied 

experi menta l ly u n der ca refu l ly contro l led 
condit ions.  • C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  

I 
A Re';!r� rci l�Y �P�O�d �o�h� �O�O�I A:O�O�iC�o� �2"e �d�iJ.trot ion 

PASA D E N A .  C A L I F O R N I A  

Employment opportunit ies f o r  Eng ineers a n d  Scient is ts  interested in  b a s ic a n d  appl ied resea rch in these fields : 

IN FRA- R E D . O PT I C S . M I C R O W A V E · S E R V O M E C H A N I S M S . C O M P U T E R S · L I Q U I D  A N D  S O L I D P R O P U LS I O N  

• STR U C T U R E S . C H E M I ST R Y · I N S T R U M E N TAT I O N . M A T H E M AT I C S . A N D  S O L I D STATE P H Y S I C S · 

Send professional  resume, with lull qualifications and exper;ence� for our i m m ediate consideration 
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by George Gaylord Simpson 

THE PHENOMENON OF MAN , by Pierre 
Teilhard de Chardin. Harper & Broth­
ers ( $5 ) . 

F
ather Pierre Teilhard de Chardin ,  
S .  J . ,  author of  The Phenomenon of 
Man, was himself a phenomenal 

man . He uniquely combined in one well­
integrated personality a religious mystic 
and a scientist. He synthesized these 
radically disparate approaches into a 
metaphysics suggestive of a new per­
sonal religion, although he always in­
sisted that his "vision" (the word, often 
repeated, was his) not only was compati­
ble with but also was the true interpre­
tation of Roman Catholic Christianity. 
The Phenomenon of Man now makes an 
expression of the Teilhardian ontology 
generally available in English for the 
first time. As the French editors and 
commentators have rightly insisted, it 
cannot be fully understood or fairly 
judged without further knowledge of 
Teilhard's life and of volc-:ninous writ­
ings not available in English and only 
now being publishpd in any language . 

Born in Auvergne in 1881, Teilhard 
attended a Jesuit college and entered the 
Society of Jesus at the age of 18. (He 
was ordained in 1912. ) He continued 
studies of science, philosophy and the­
ology on the island of Jersey and in 
Sussex and taught physical sciences 
briefly in Egypt before returning to 
France, where he took up vertebrate 
paleontology under Professor Marcellin 
Boule in Paris. He established a repu­
tation as a paleontologist with two mono­
graphs that are still basic in their fields : 
one on some early Oligocene carnivores 
(published in 1914 ) and the other, still 
more extensive, on late Paleocene and 
early Eocene mammals 11l France 
( 1921 ) . During this period he taught at 
the Institut Catholique, and he took his 
doctorate at the Sorbonne in 1922. In 
1923, in company with another Jesuit, 
Father E .  Licent, he went to China on a 

BOOKS 
On the relnarkable testarnent of the Jesuit 
paleontologist Pierre Teilhard de Chardin 

geological expedition for the Museum 
d'Histoire Naturelle. 

At that time Teilhard was already de­
veloping the evolutionary mystique that 
was the obsession of the rest of his life. 
His ecclesiastical superiors found some 
of these views unorthodox, and when he 
returned to France he was forbidden to 
teach. After an unhappy period of con­
straint, he returned to China in 1926 
and there lived as an exile for 20 years. 
It is ironic that his being disciplined for 
his attitude toward human evolution in­
directly caused his being brought into 
further contact with the subject and be­
coming increasingly engrossed with it. 
Peking man (so-called Sinanthropus) 
was discovered soon after his return to 
Peking. Teilhard was not personally in­
volved in the description of those re­
mains, but he was closely associated with 
their describers, Davidson Black and 
Franz Weidenreich . With the Chinese 
paleontologists C. C. Young and W. C. 
Pei he studied some of the mammalian 
fossils and artifacts found with Peking 
man. In addition he was very active in 
geological field studies, especially in 
western China and central Asia, and 
(usually in collaboration) he completed 
several important monographs on the 
late Cenozoic mammals of China. 

Just before World War II Teilhard 
planned to return to a research post in 
Paris, but the war prolonged his exile 
until 1946.  The war years of relative 
physical inactivity and isolation were a 
period of profound soul-searching and 
spiritual development for Teilhard. It 
was then that he wrote not only Le 
Phenonu'me Humain but also numerous 
other metaphysical and mystical manu­
scripts, most of them destined to remain 
unpublished during his lifetime.  Back in 
Paris, he was still forbidden to publish 
on philosophical subjects or to teach, al­
though an eminent professorship would 
otherwise have been open to him. He 
optimistically prepared a briefer and, 
as he hoped, less theologically objection­
able version of some of the ideas of Le 
Phenomene Hlimain, but permission to 
publish this manuscript (Le Gmupe 
Zoologiqlle Humain) was also refused 

in Rome. In 1951 he finally gave up the 
long dream of working and teaching in 
France and moved definitively to New 
York where, except for brief excursions, 
he spent the rest of his life as the guest 
of a research foundation. His death in 
1955 occurred, with a certain macabre 
appropriateness, on Easter Sunday. 

Besides being an accomplished theo­
logian and scientist, Teilhard was an ex­
traordinarily likable man. His wander­
ings took him over much of the world, 
and almost everyone he met, of what­
ever creed or race, became a lifelong 
friend .  He carried the mystique of love 
into all his personal relationships, and 
he had an indescribably warm and spar­
kling personality combined with an at­
tractive humility on every subject but 
one. The memory of his charm and the 
attempts to suppress so much of his work 
have helped to produce a legend and 
something approaching a cult. He would 
have approved of the cult, provided it 
gave more attention to his ideas than to 
his personality, but he would have disap­
proved of the legend. 

Teilhard observed his vow of obedi­
ence to the extent of limiting open pub­
lication of his views, but he did dissemi­
nate them widely in person, in letters 
and even in what amounted to private 
publication. He also left a great mass of 
manuscripts in such a way as to assure 
their eventual publication. He was hard­
ly in his grave when both Le Gmllpe 
Zoologique Humain and Le Phenomene 
Hwnain were sent to the printer, the 
latter as the first volume of a proposed 
set of collected works that has now 
reached five volumes without including 
any of his technically scientific work. 
Two volumes of letters have also been 
published posthumously and an inspira­
tional "cahier" with text in French, Eng­
lish, German, Russian and Arabic. 

The Phenomenon of Man is a general­
ly excellent translation of Le Phenomene 
Hlimain, differing from the French edi­
tion (Editions du Seuil, 1955 ) only by 
the substitution of an introduction by 
Julian Huxley for a shorter "avant­
pmpos" by N. M .  Wildiers, a theologian. 
The new introduction naturally reflects 
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Huxley's own interests and also the warm 
sympathy for Teilhard felt by everyone 
who knew him. It may not be quite so 
adequate in evaluating the broader in­
tent and nature of Teilhard's thought. 
That becomes fully evident only in the 
light of this fact : Teilhard was primarily 
a Christian mystic and only secondarily, 
although importantly, a scientist. 

One of Teilhard's fundamental propo­
sitions is that all phenomena must be 
considered as developing dynamically, 
that is. in an evolutionary manner, in 
space-time. "It [i.e., evolution] is a gen­
eral condition to which all theories, all 
hypotheses, all systems must bow and 
which they must satisfy henceforward if 
they are to be thinkable and true ." On 
this basis, unimpeachable in itself, he 
reviews briefly the evolution of the cos­
mos and at greater length that of organ­
isms and of man. He is not concerned 
with details but with the broadest fea­
tures of the story as it moves onward. 
These are traced in a style often de­
lightfully poetic but sometimes syn­
tactically overcomplex and often ob­
scurely metaphoricaL The whole proc­
ess, from dissociated atoms to man, is 
seen as a gradual progress with two revo­
lutionary turning-points among others of 
less importance : first, and early,' the 
achievement of cellular organization ; 
second, and late, the emergence of true 
man. Much of the intervening story is 
envisioned in terms of the succession 
and frequently the replacement of what 
Teilhard usually called nappes, a term 
difficult to translate that is here rendered 
as "layers" or "grades ." The "nappe" 
phenomenon involves the expansion or 
radiation of groups that had reached 
new structural and adaptive levels, and 
it has been extensively discussed by 
other evolutionists in those or similar 
terms. 

Teilhard's book is not, however, strict­
ly or even mainly concerned with de­
scribing the factual course of evolution . 
That is "the without" of things, and the 
author is here concerned rather with 
"the within." The within is another term 
for consciousness ( the French con­
science, another word without a really 
precise English equivalent) , which in 
turn implies spontaneity and includes 
every kind of "psychism."  Conscious­
ness, in this sense, is stated to be a com­
pletely general characteristic of matter, 
whether in an individual atom or in man, 
although in the atom it is less organized 
and less evident. The origin of the cell 
was critical because it involved a "psy­
chic mutation" introducing a change in 
the nature of the state of universal con­
sciousness. The origin of man was again 

critical because at this stage conscious­
ness became self-consciousness, reflec­
tion or thought. Now this as yet highest 
stage of consciousness begins a concen­
tration or involution that will eventually 
bring it into complete unity, although 
without loss of personality in that col­
lective hyper-personaL Then the con­
sciousness of the universe, which will 
have evolved through man, will become 
eternally concentrated at the "Omega 
point," free from the perishable planets 
and material trammels .  The whole proc­
ess is intended; it is the pU1pase of evo­
lution, planned by the God Who is also 
the Omega into which consciousness is 
finally to be concentrated .  Mystical 
Christianity is to be the path or the vehi­
cle to ecstatic union with Omega. 

Teilhard's first sentence is as follows: 
"If this book is to be properly under­

stood, it must be read not as a work on 
metaphysics, still less as a sort of theo­
logical essay, but purely and simply as 
a scientific treatise ." 

In the last chapter ( before the epi­
logue, the postscript and the appendix) 
he wrote : 

"Man will only continue to work and 
to research so long as he is prompted by 
a passionate interest. Now this interest 
is entirely dependent on the conviction, 
strictly undemonstrable to science, that 
the universe has a direction and that it 
could-indeed, if we are faithful, it 
should-result in some sort of irreversible 
perfection. Hence comes belief in prog­
ress ."  

But the direction of evolution toward 
an irreversible perfection is the whole 
theme, and not merely a philosophical 
appendage, of the book. Hence we have 
a book submitted purely as a scientific 
treatise and yet devoted to a thesis ad­
mittedly undemonstrable scientifically. 
( The word here translated as "belief" is 
fai, and the context makes it unmistaka­
ble that religious faith is meant.) The 
anomaly is partly explained by the fact 
that in this particular manuscript Teil­
hard did avoid explicit discussion of cer­
tain points in dogmatic theology. The 
origin and fate of the individual soul, 
Adam and Eve and original sin, and the 
divinity of Christ, for instance, are all 
alluded to or allowed for, but only briefly 
and in veiled terms. In addition the dis­
cussion begins as a sort of mystical sci­
ence and only gradually, almost imper­
ceptibly, becomes mystical religion . 
Identification of Omega with God is evi­
dent from the beginning to anyone al­
ready familiar with Teilhard's thought, 
but in this book it is not made explicit 
until the epilogue. 

The sense in which Teilhard's science, 
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and not alone his theology, must be 
called mystical may be illustrated from 
an early passage ( in Chapter I I) that 
introduces concepts crucially used 
throughout all that follows. First he 
makes a distinction between material 
energy and spiritual energy,

' 
and points 

out that material energy, for instance 
that derived from bread, is not closely 
correlated either in intensity or in variety 
with spiritual energy, for instance that 
exhibited by human thought. But surely 
both of these can be described and at 
least conceivably may be explained in 
material terms. A reasonable mechanical 
analogy is provided by a television set, 
in which the activity and multiplicity of 
the pictures are not well correlated with 
the intensity and uniformity of the pow­
er in wires and tubes . One could speak 
of "picture energy" as distinct from 
"electron energy," but it would be evi­
dent that "energy" is not even roughly 
comparable in the two senses and that 
the metaphorical terminology obscures 
rather than promotes understanding of 
the phenomena. And surely it is further 
obfuscation when Teilhard goes on to 
explain: 

"We shall assume that, essentially, all 
energy [i.e., both material and spiritual 
energy 1 is physical in nature ; but add 
that in each particular element this fun­
damental energy is divided into two dis­
tinct components: a tangential energy 
which links the element with all others 
of the same order ( that is to say of the 
same complexity and the same centrici­
ty) as itself in the universe; and a radial 
energy which draws it towards ever 
greater complexity and centricity-in 
other words forwards ." 

As to the mechanism of evolution, ob­
viously a, or indeed the, crucial point of 
the scientific part of the inquiry, Teil­
hard'accepted both Darwinism and neo­
Lamarckism as partial factors . He called 
Darwinism evolution by chance ( al­
though natural selection is the only ob­
jectively established anti-chance evolu­
tionary factor) and therefore considered 
the non-chance neo-Lamarckian factors 
more important ( although, as he knew, 
most biologists consider them not merely 
unimportant but nonexistent ) ,  How­
ever, he maintained that these and all 
proposed material mechanisms of evolu­
tion are related only to various details of 
the process, The basic over-all pattern 
and also the essentially directional ele­
ments in its various lineages he ascribed 
to orthogenesis , 

Orthogenesis was variously defined 
by Teilhard as the "law of controlled. 
complication," which acts "in a pre-de­
termined direction," as "the manifest 

property of living matter to form a sys­
tem in which 'terms succeed each other 
experimentally, following the constantly 
increasing values of centro-complexity,' ,. 
or as "dimcted transformation ( to what­
ever degree and under whatever influ­
ence 'the direction' may be manifested) . "  
The last definition, which i s  not from 
this book but from a brief manuscript 
written just before Teilhard's death, is 
broad enough to include the effects of 
natural selection ; but that was certainly 
not intended, because Teilhard repeat­
edly contrasted selection with orthogen­
esis and indeed usually treated them as 
complete opposites, Similar imprecision 
or contradiction in definition is one of 
the constant problems in the study of the 
Teilhard canon, 

Indeed these and other usages of the 
term orthogenesis in Teilhard's work 
seem at first sight to have no explanatory 
meaning whatever but to be tautological 
or circular. History is inherently unre­
peatable, so that any segment of a his­
torical sequence ( such as that of organic 
evolution) begins with one state and 
ends with another. It therefore neces­
sarily has a direction of change, and if 
orthogenesis is merely that direction, it 
explains nothing and only applies a 
Greek term to what is obvious without 
the term, However, when Teilhard says 
that the direction is "pre-determined" 
and that there is only one direction-to­
ward greater "centro-complexity," to­
ward Omega, ultimately toward God­
then the statement may not be much 
more clearly explanatory, but it is no 
longer triviaL 

Now it is easy enough to show that, 
although evolution is directional as a his­
torical process must always be, it is mul­
tidirectional; when all directions are 
taken into account, it is erratic and op­
portunistic , Obviously, since man exists, 
from primordial cell to man was one of 
the directions, or rather a variety of them 
in succession, for there was no such se­
quence in a straight line and therefore 
literally orthogenetic . Teilhard was well 
aware of the consensus to that effect, but 
he brushed it aside and refused to grap­
ple with it in terms of the detailed evi­
dence, 

Here we come to the real crux of the 
whole problem : Which are the premises 
and which the conclusions? One may 
start from material evidence and from 
interpretive probabilities established by 
tests of hypotheses, that is, from science. 
Despite the objections of some philoso­
phers and theologians, it is then legiti­
mate to proceed logically from these 
premises to conclusions regarding the 
nature of man, of life or of the universe, 
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M Maxfield. Comprehensive collection of classical and 
modern methods of statistical inference. 305pp. $1.55 
B0603. THE APPLICATIONS OF ELLIPTIC FUNC­
TIONS, A. Greenhill. Complete exposition necessary for 
proper understanding and use. 368pp. $1.75 
BD600. COORDINATE GEOMETRY, L. Eisenhart. Uni­
Hed exposition includes introduction to and extensive use 
of determin:ints. 309pp. $1.65 
B0565, 566. PHYSICS, THE .PIONEER SCIENCE, L. W. 
Taylor. Perfect for self-studlers. Cultural-histOrIcal ap­
proach enli\'ens comprehensive coverage of theories, experi­
ments. 2 vols. Total of 1015pp. The 2 volume set. $4.00 

Calculus. Function Theory. Fourier 
Theory. Real & Complex Functions 

(Cont. from :\larch Scientific American listing.) 

B048. INTRODUCTION TO THE THEORY OF FOUR­
IER'S SERIES & INTEGRALS. H. Carslaw. 3rd re­
vised edition. 381pp. $2.00 

* 
B093. THE ANALYTICAL THEORY OF HEAT, J. Four­
ier. Fourier's original work which re\'olutionized mathe­
matical phYSics. 488PIl. $2.00 
B0502. THEORY OF FUNCTIONALS 8< OF INTEGRAL 
8< INTEGRO-OIFFERENTIAL EQUATIONS, V. Vol­
terra. Only English translation. 266pp. $1.75 
B0387, 388. THE THEORY OF FUNCTIONS OF A REAL 
VARIABLE 8< THE THEORY OF FOURIER'S SERIES, 
E. W. Hobson. "The best possible guide," �ature. 2 vol8. 
Over 1500 pages! 'fhe 2 volume set, $6.00 
BOI8. ALMOST PERIODIC FUNCTIONS, A. S. Bosi­
covich. Includes theories of Bohr. work done by Stepanoft', 
Wiener, Wey], 1!)1pp. $1.75 
B0176. LINEAR INTEGRAL EQUATIONS, W. Lovitt. 
Syste'natic survey of general theory, some applications. 
262pp. $1.60 
B0391. THE TAYLOR SERIES, AN INTRODUCTION 
TO THE THEORY OF FUNCTIONS OF A COMPLEX 
VARIABLE. P. Oienes. Entire realm of analytic functions 
covered. 567pp. $2.75 
B0484. ELLIPTIC INTEGRALS. H. Hancock. Invaluable 
for finding practical solutions. 104pp. $1.25 
B0483. LECTURES ON THE THEORY OF ELLIPTIC 
FU NCTIONS. H. Hancock. Extensive coverage of Abel. 
Jacobi, Weierstrass, Riemann, etc. 521pp. $2.55 
B0154: ELEMENTS OF THE THEORY OF FUNC­
TIONS, K. Knopp. B0156: THEORY OF FUNCTIONS, 
PART I, K. Knopp. B0157: THEORY OF FUNCTIONS, 
PART II, K. Knopp. B0158: PROBLEM BOOK IN THE 
THEORY OF FUNCTIONS, VOLUME I. K. Knopp. 
B0159: PROBLEM BOOK IN THE THEORY OF FUNC· 
TIONS. VOLUME II. K. Knopp. 5 volume set used in 
leading universities. Total of 725pp. 

The 5 \'olume set, $6.75 
BOI72. ELEMENTS OF THE THEORY OF REAL 
FUNCTIONS. J. Littlewood. Based on lectures at Trinity 
College, Cambridge. 78pp. $ 1.25 
B0153. INFINITE SEQUENCES AND SERIES, K. 
Knopp. First publication in any language. 191pp. $1.75 
80290. TRIGONOMETRIC SERIES. A. Zygmund. Modern 
advanced treatment. 329pp. $1.50 
B0160. DICTIONARY OF CONFORMAL REPRESEN­
TATIONS. H. Kober. Unique scientific reference work de­
\'eloped by British Admiralty. 244pp. $2.00 

Symbolic Logic 
B0227. THE ELEMENTS OF MATHEMATICAL LOGIC, 
P. Rosenbloom. }"'irst publication in allY language. 2180p . 

$1.45 
B028. THE LAWS OF THOUGHT, George Boole. The 
basic work by the father of modern logic. 442pp. $2.00 
B0453. INTRODUCTION TO SYMBOLIC LOGIC AND 
ITS APPLICATIONS. R. Carnap. Greatest living symbolic 
logician's rigorous introduction. 257pp. $1.85 
B0170. SYMBOLIC LOGIC. C. I. Lewis. C. Langford. 
One of the most cited books in the fleld. "Authoritative, 
most valuable," London Times. 506pp. $2.00 
B0446. THE PRINCIPLES OF SCIENCE, A TREATISE 
ON LOGIC AND THE SCIENTIFIC METHOD, W. S. 
Jevons. Historical milestone. 839pp. $2.98 
B0164. AN INTRODUCTION TO SYMBOLIC LOGIC, 
Susanne Langer. Probably the clearest elementary intro­
duction ever written. 368pl>. $1.75 

Group Theory, Linear Algebra. 
Sets 

B0482. LINEAR GROUPS. WITH AN EXPOSITION 
OF THE GALOIS FIELD THEORY, L. E. Dickson. 
Classic exposition of group theory. 327pp. $ 1.95 
B0269. THE THEORY OF GROUPS 8< QUANTUM 
MECHANICS. H. Weyl. Analyzes mathematics of mod­
ern physics. 444pp. $1.95 
B0130. THE CONTINUUM 8< OTHER TYPES OF SERI­
AL OROER. E. Huntington. Famous systematic elementary 
aCCQunt. 91pp. $1.00 
B0300. INTRODUCTION TO THE THEORY OF 
GROUPS OF FINITE OROER. R. Carmichael. Examines 
fundamental theorems and applications . 462pp. $2.00 
B038. THEORY OF GROUPS OF FINITE ORDER, 
W. Burnside. Still one or the clearest introductory texts. 
536PI}. $2.45 

* 
BOl41. THEORY OF SETS, E. Kamke. Ciearest, amplest 
introduction. 151pp. $1.35 
B0424. COMPUTATIONAL METHODS OF LINEAR 
ALGEBRA, V. Faddeeva. tr. by C. Benster. First English 
translation includes latest Russian methods. 262pp. $1.95 
B0314. LECTURES ON THE ICOSAHEDRON AND 
THE SOLUTION OF EQUATIONS OF THE FIFTH DE­
GREE, Felix Klein. 303pp. $1.85 
B045. CONTRIBUTIONS TO THE FOUNDING OF THE 
THEORY OF TRANSFINITE NUMBERS, Georg Canlor. 
220pp. $1.25 

Number Theory 
B0342. INTRODUCTION TO THE THEORY OF NUM. 
BERS, L. E. Dickson. )luch material not readily a\'ail­
able elsewhere. 191pp. $1.65 
B0259. ELEMENTS OF NUMBER THEORY, I. Vino­
gradov. Detailed first course needs little ad\'anced math. 
235pp. SI.60 

Probability & Information Theory 
B0434. MATHEMATICAL FOUNDATIONS OF IN­
FORMATION THEORY, A. Khinchin. Complete intro­
duction to relatively new field. 127pp . $1.35 
B0262. SELECTED PAPERS ON NOISE AND STO­
CHASTIC PROCESSES, N. Wax. ed. 6 basic papers for 
newcomers in the field. 337pp. $2.35 
B0166. A PHILOSOPHICAL ESSAY ON PROBABILI· 
TIES, Marquis de Laplace. Xo math needed for this land­
Dlark introduction. 204pp. $1.35 

Vector, Tensor Analysis, Matrix 
Theory 

B0454. VECTOR AND TENSOR ANALYSIS, A. Wills. 
Entire Held co\'ered. 317pp. $1.75 
B0373. APPLICATIONS OF TENSOR ANALYSIS, 
A. McConnell. For the working engineer, physicist. 393pp. 

$1.85 
B0109. VECTOR AND TENSOR ANALYSIS, G. Hay. 
Basic introduction. 201pp. $1.75 

Differential Equations 
B0120. INTRODUCTION TO THE DIFFERENTIAL 
EQUATIONS OF PHYSICS. L. Hopf. Only elementary 
calculus needed. 160pp. $1.25 

All books bound in sturdy paper, 5% x 8. unless otherwise 
indicated. 

r-------------------------, 
Dept. 288BO. Oover Publications, Inc., 160 Varick 
St., New York 14. N. Y. 
Please send me the following books (give key num­
bers, price): 

1 am enclOSing $ . . . . . . . . . . . . . .  _ in full I)ayment. Payment 
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libraries or public institutions. who lIlay be billed. 
Please add 10¢ per book for postage on orders less 
than $5. 00 . Please print . 
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guaranteed. and are returnable within 10 days for 
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fn.we ?!Mum 'Pm14 . . .  
EXPLO D I N G  WIRES 
Edited by William G. Chace and Howard K. Moore 
The increasing contemporary impo rtance of this scientific pheno m ­
e n o n  w a s  dramatically indicated by t h e  unexpectedly large attendance 
at the 1959 Conference on E xploding Wires. This volume, a complete 
record of the conference, includes - reports of theoretical resea rch in 
the field and new developments and applicatio ns.  In this  book - the 
fi rst ever published o n  the subject in any language - scientists , stu­
dents, and technologists will find a wealth of incisive material dealing 
with high-speed photographic techniques, shock waves,  and the phys­
ics of fluids. 

cloth 374 pages p rofu sely i l l u strated $9.50 
LECTU R E S  ON N U CLEAR THEORY 
by  L .  Landau and Ya. Smorodinsky 
TRAN SLATED FROM R U S S I A N  
A concise p resentation by these world-famous Soviet physicists o f  
s o m e  of t h e  b a s i c  concepts of nuclear theory. O riginally published at $15 .00 per copy. 
" . • .  a real jewel 01 an elemen tary introduction into the m ain concepts 
of n uclear theory . . .  " - NUCLEAR PHYSICS 
" . . .  a decidedly worth-while addition to a n y  experimen tal nuclea r 
physicis t's libmry." - E. M. Henley, P H Y S I C S  TODAY 

cloth 1 08 pages $5.25 

ARTI F I C IAL EARTH SATELLITES Vo l umes 1 and 2 
Edited by L. V. Kurnosova 
TRANSLATE D FROM R U SS I A N  
The publication of t h i s  double-volume b o o k  marks t h e  appearance o f  
t h e  fi r s t  translation of t h e  revised texts of t h e  reports r e a d  a t  the 
Fifth Assembly of the S pecial IGY Committee, which took place in 
Moscow. Volume 1 explores data obtained by the first two satellites 
and includes discussions o n  the ionosphere, cosmic radiation ,  and 
space biology. ( Data collected o n  the first astronaut - the dog Laika 
- are presented . )  Volume 2 documents work carried out with the 
third satellite ( which contained a complete space laboratory ) ,  as well 
as with rockets. 
cloth 236 pages i l l u strated $9.50 

P L E N  U M P R E  5 5 229 West 1 7th St., New York 1 1 , N. Y. 
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H i g h  Te m p e ratu re 

• M e l ti n g  C r u c i b l e s  • T u b i n g  

• B o at s  • C u st o m  S h a p e s  

• F l a m e  S p ra y  R o d  & T u b i n g  

C o n s i der t h i s  l i s t  of L E C O  p u r e  
oxide ceramic materials (no binder 
to lower melting point), their chemi­
cal composition and top usable tem­
perature in an oxidizing atmosphere. 

A l u m i n a  A I203 1 9 5 0 0 C  
Calci u m  

Zirco nate CaO.Zr02 2 1 0 0 0 C 
Magnesia MgO 2 4 0 00 C 
M u l l ite 3 A 1203.2Si02 1 8 0 0 0 C  
Spinel  M g O . A 1203 1 9 0 0 0 C 
Thoria Th02 2 7 0 0 0 C  
Zircon Zr02 . S i 0 2  1 8 7 0 0 C  
Zirconia Zr02 2 5 0 0 0 C 

For further information write : 
LABORATORY EQU I P M E NT C O RP. 

4044 H i l ltop Road , SI. J o s e p h ,  M i c h i g a n  

even if these conclusions go beyond the 
realm of science in the strictest sense, 
and that is not · only legitimate but also 
necessary if science is to have value be­
yond serving as a base for technology. 
On the other hand, one may start from 
premises of pure faith, nonmaterial and 
nontestable, therefore nonscientific, and 
proceed to conclusions in the same field 
of the nature of the material cosmos. It 
cannot be argued that this approach 
from metaphysical or religious premises 
is ipso facto illegitimate. It is, however, 
proper to insist that its conclusions 
should not be presented as scientific, and 
that when they are materially testable 
they should be submitted to that scien­
tific discipline . Gradual recognition of 
that necessity has been evident in the 
historical change in the relationships be­
tween science and religions. 

Teilhard's major premises are in fact 
religious and, except for the conclusion 
that evolution has indeed occurred, most 
of his conclusions about evolution derive 
from those and not from scientific prem­
ises. One cannot object to the piety 01-
mysticism of his book, but one can ob­
ject to its initial claim to be a scientific 
treatise and to the arrangement that puts 
its real premises briefly, in part obscure­
ly, as a sort of appendage after the con­
clusions drawn from them. That this 
really is an inversion of 'the logic in­
volved is evident from the whole body 
of Teilhard's philosophical writings and 
also from the statements, or admissions, 
made toward the end of this book. A 
passage indicating that the main thesis 
of the book is a matter of faith and not 
scientifically demonstrable has already 
been quoted. Elsewhere in Teilhard's 
work there is abundant testimony that 
his main premises were always in Chris­
tian faith and especially in his own mys­
tical vision. 

That is evident, too, in the complex 
concept of Omega that is the key to 
Teilhard's personal religious system and 
to his purpose in writing this book. He 
explained on various occasions that the 
concept is necessary in order to keep 
mankind on its job of self-improvement 
and in order to evade distasteful thoughts 
of aimlessness and eventual death­
worthy but certainly not scientific prem­
ises. The following passage from another 
of his manuscripts may additionally Tep­
resent this contribution of Teilhard's, 
also essential in The Phenomenon of 
Man, but there perhaps even less clear : 

"In order to resolve the internal con­
flict that opposes the innate evanescence 
of the planets against the necessary ir­
reversibility developed on their surface 
by planetized life, it is not enough to 
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A batt�ry charger 
that thinks for itself ? 
This one does . . .  and it thinks fast. 
It spots variations in its input volt­
age and automatically compensates 
for them. It does its job without 
manual controls, sensing elements 
or resistors. By eliminating the ef­
fects of varying supply voltage, this 
charger makes sure that there is 
enough voltage to continue charging 
but not so much as to cause the 
battery to "gas" or overheat. 

When the charging operation 
begins, the voltage is low and the 
current is maintained at a high but 
controlled level, permitting fast 
charging. 

As charging progresses and the 
battery's potential builds up, the 
charger's voltage increases, keeping 
moderately above the battery volt­
age. The controlled current decreases 
as the charge builds up, preventing 
overcharge or evaporation of the 
electrolyte. This is the "controlled 
current" phase of the charging op-
eration. . 

When the battery approaches full 
charge, the charger automatically 
converts to its "constant voltage" 
phase. It maintains its voltage at a 
constant level and its current drops 
to a very low value. 

This finely coordinated activity­
akin to patting your head while rub­
bing your stomach-is beyond the 
scope of conventional chargers. It 
stems from a special Sola Constant 
Voltage Transformer operating its 
core close to the saturation point and 
feeding a full-wave rectifier system. 

The result? A battery charger that 
tailors its output voltage and current 
to the changing needs of a battery as 
charging progresses. 

Write for further information on 
how the versatile Sola Constant 
Voltage Transformer solves this and 
similar knotty electrical problems. 

Sola Electric Co.,  4633 W. 1 6th St., Chicago 50, '".  

draw a veil or to recoil . It is a case for 
radical exorcism of the specter of Death 
from our horizon . 

"Very well, is it not that which per­
mit� us to form the idea ( a  corollary, as 
we have seen, of the mechanism of 
planetization ) that there exists ahead of, 
or rather at the heart of, the universe, 
extrapolated along its axis of complexity, 
a divine center of convergence. Let us 
call it, to prejudge nothing and to em­
phasize its synthesizing and personaliz­
ing function, the Omega pOint. Let us 
suppose that from this universal center, 
this Omega point, there are continuously 
emitted rays perceptible only, up to now, 
by those whom we call 'mystic souls . '  Let 
us further imagine that as mystical sen­
sitivity or permeability increases with 
planetization, the perception of Omega 
comes to be more widespread, so that 
the earth is heated psychically while 
growing colder physically. Then does it 
not become conceivable that humanity 
at the end of its involution and totaliza­
tion within itself may reach a critical 
point of maturation at the end of which, 
leaving behind earth and stars to return 
slowly to the vanishing mass of primor­
dial energy, it will detach itself psy­
chically from the planet in order to re­
join the Omega point, the only irreversi­
ble essence of things?" 

This book provides a fascinating 
glimpse into the mind of a great soul, a 
kindly man and a subtle mystic. It may 
prove to be psychologically and histori­
cally important if, as is quite possible, it 
eventuates in a new religious cult of 
mystical evolutionism. It may do good 
( but could also conceivably do harm ) in 
forcing theologians to face the fact of 
ev.olution more squarely. Despite its OWIl 
claims and those of some of its sponsors 
and reviewers, it should not be taken 
either as a scientific treatise on evolution 
or as a derivation of religious conclusions 
from scientific premises. 

Short Reviews 

THE OPEN SEA : ITS NATURAL HIS-
TORY; PART II, FISH AND FISHERIES, 

by Sir Alister Hardy. Houghton Mifflin 
Company ( $7.50 ) . This work, so bril­
liantly begun in the first volume on the 
world of plankton, is now completed in 
a no less delightful survey of the natural 
history of fishes and of the fishing indus­
try. The emphasis is on the fish of the 
British Isles, but no matter; the marine 
population is well represented. Sir Alis­
ter Hardy knows his subject-every cor­
ner of it; he loves it and is a superb 
teacher. He can make the ciliary mecha­
nism of a mollusk as engrossing as the 

Why is a butterfly? 
Why is man? 

• In this informal but enormously 

informative survey of the world's 

biological communities - forests, 

seas lakes, grasslands, and deserts 

-- a �enowned zoologist gives some 
startling answers to the question: 
What role does man play in na­
ture's magnificent scheme? 

TDE Forest 
AND TDE Sea 
by �Iarston Bates 

GUIDE TO THE 
SPACE AGE 

by BESSERER 

and BESSERER 

For the first time 
a wide scope 

SIMPLI FIED 
Space Glossary 
Covers missilery, rocketry, astronautics, as­
tronomy. meteorology. measurement, abbrevia­
tions, space jargon, et al.  Over 5000 entries are 
in alphabetical arrangement for instant access. 
Definitions are short, simplified, directly to 
point ( not strung out complexly ) .  All explana­
tions as non-technical as practica ble--ideal for 
single-area specialists who need to know terms. 
techniques, ja rgon of related areas. 

Sta n dardization of term in ology ellmlnates In­
accuracy, variations, uncertainty-provides ef­
fective, definitive communication. New mean­
ings, new developments, latest interpretations 
are placed at reader's fingertips. Illustrations 
make special devices, concepts and records 
more readily understandable. Unique for stu­
dents, engineers, designers, scientists, astron­
omers, editors, technical writers, interested 
laymen . 

Author itativeness assured by background of 
authors, with Bendix Aviation, Ramo-'Vool­
dridge, Space Technology Laboratories, etc. , 
plus work on UTA"'" and TALOS miSSiles, 
}IINUTEMAN, Project BUMBLEBEE. 

332 pp. Illustrated 7 x 9 3/4 "  $7.95 
• _ _ _ _ _ _ _  1 A Titan value! _ _ _ _ _ _ _  _ 

Prentice·Hall ,  Inc.,  Englewood Cliffs, N. J .  
Send me a copy of GUIDE TO THE SPACE AGE by 
Besserer & Besserer 011 approval. At the end of ten 
days I'll either send $ 7 . 95 in payment (plus a. few 
cents for packing and shipping ) or return the book 
and owe nothing. 
Name ____________________________ _ 

Company __________________________ _ 

Street ___________________________ _ 

C i ty, Zone. State ________________ = __ _ 
SAY E: Send pa,yment w i th order and we'l l  prepay 
packing, shippi ng. Same return pri v i lege, w i th refund. CK-EG-86 
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, :,.:�. 1" . . ... � .. -. .  :" .... !. " ., ., . .. :, . ;. .. , .  �{� Two new volumes 
in the essential 

Princeton Series 
. H IGH SPEED AERODYNAMICS · 
:" AND JET PROPULSION 
!� 

Volume V. 

�:l'URBULENT FLOWS; 
'.� 
; AND HEAT 

TRANSFER 
Edited by C. C. LIN 

Topics i nclude transition from 
laminar to turbulent flow; tur· 
bulent flow, statistical theories 

.,. of turbulence; conduction of ;; heat; convective heat transfer ,,' 
and friction in flow of liquids; 

<:: c o n v e c t i v e  h e a t  t r a n s fer i n  �! g a s e s ;  c oo l i n g  by protective 
'" fluid films; physical basis of  
';: thermal r a d i a t i o n ;  a n d  e n g i .  
., ' neering calculations of radiant 

h eat exchange. 220 line draw· 
;: ings. 5 60 pages. $ 1 5 .00 

:' 

Volume XI. 
DESIGN AND 

PERFORMANCE 

OF GAS TURBINE 

POWER PLANTS 
Edited by 

W. R. HAWTHORNE 
and W. T. OLSON 

i� Combustion chamber design : 
-< requirements and processes; ex· :t; perimental techniques; fuel in· . ( j ecti o n ;  f l a m e  s t a b i l i z a t i o n ;  �: mixing processes; fuels for air· 

craft gas turbine engines; com­
bustion chamber development. 
Mechanical and metallurgical 
aspects : mechanics of materials 
for gas turbine applications; 
aerodynamics of blade vibra­
tions i n  axial turbomachines. 
T u r b i n e  power p l a nts : p e r ­
formance a n d  control. 294 line 

. '  drawings. 5 78  pages . S 1 5 .00 

2 0 8  

Send for complete information 
on the other titles 

now available in this series. 
Princeton 
University Press 
Princeton, New Jersey 

nucleus of the atom. Once on his line or 
in his net, one neither can nor wants to 
get away. He deals with the fish of 
pelagic and demersal habit; the herring, 
the plaice, the haddock, the hake and 
the cod; the benthonic invertebrates of 
the ocean floor; hags, hounds, sharks and 
skates ; the incredible world of marine 
parasites;  whales and walruses ; sea ser­
pents, real and imaginary; different 
methods of commercial fishing.  All 'is 
fascinating, from the love life of the 
herring to the mathematical equations of 
overfishing. At the time of the full moon 
in mid-October and mid-November 
there is a special "shoaling excitement," 
part of a courtship behavior, which leads 
herring gathering to spawn in the Eng­
lish Channel to swim more often or in 
greater numbers into the nets : thus the 
East Anglian fishermen speak of a "her­
ring moon."  ( Other herring, curiously 
enough, are not susceptible to this nup­
tial frenzy. ) Herring have fine rings on 
their scales, formed like tree rings, 
which enable students to determine the 
individual fish's age. The om'fish, Regale­
CliS glesne, the largest of the so-called 
ribbonfish, may be as much as 50 feet 
long; it sometimes swims with undulat­
ing movements near the surface of the 
sea. This is probably the answer to the 
sea-serpent riddle. Tunnies ( we call 
them tunas ) are unique among fish in 
having a body temperature three or four 
degrees above that of the surrounding 
water. Leptocephalus brevirostTis is a 
little eel whose remarkable history was 
discovered by the great Danish oceanog­
rapher Johannes Schmidt. He first 
caught specimens of Leptocephalus to 
the west of the Faroe Islands . He de­
cided to hunt further to find the source 
of these frail little fish, and in a series of 
expeditions went farther and farther 
west until he found the smallest 600 
miles southeast of Bermuda, over the 
deep water of the Sargasso Sea. It is to 
this place that mature "freshwater" eels, 
after spending some five to seven years 
in the rivers, canals and backwaters of 
Europe, set out in old age on a pilgrim­
age to lay their floating eggs some thou­
sand fathoms deep in the ocean more 
than 2,000 miles away. From the eggs 
the transparent larvae hatch out and 
drift to the coast of Europe growing as 
they do so. Now they undergo a striking 
metamorphosis, becoming narrower, 
rounder and pigmented-changing into 
little black elvers . They enter fresh wa­
ter, swim against the current and enter 
the rivers. Again, when they are grown, 
their return migration takes them from 
Norway, Spain and the Mediterranean 
to this spot in the Sargasso Sea. Campus 

A Full Four-Digit Voltmeter 
at a Pointer Meter Price ! 

FOR TH E FI RST T IME you can have 

the accuracy, speed and reliability of 

an NLS digital voltmeter with full 

four-digit resolution . . .  for the price 
of a quality pointer meter. That's the 

dramatic story of the new NLS V64 ! 

Only NLS high-volume production 

techniques make it possible. Use low­

cost, versatile V64 for a wide range 

of measuring jobs . See the V64 in 

action . . .  contact NLS today! 

BRIEF SPECIFICATION S :  Accuracy ± ( .02% 
of reading plus 1 digit ) . .  full  4-digit resolution 
. . .  measures DC voltages from one millivolt to 
500 volts in steps of ± 9.999/99 .99/500.0 . . •  one 
package design ( 5 J,4 "  high, l S 'A "  deep for 19" 
rack ) . . .  plug-in accessories permit measuring 
AC or low-level DC voltages . . . available from 
stock for i mmediate delivery. 

non -l inear systems inc. 
DEL MAR ( SAN DIEGO ) ,  CALIFORNIA 

NLS - The Digital Voltmeter That Works . • •  

And Works . . •  And Works! 
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dentatu8, a pearlfish, has the unusual 
habit of entering the body of a large sea 
cucumber by slipping tail first and with 
great rapidity into its anus, where it 
feeds for a time upon its host's gonads; 
later it emerges and maintains only an 
intermittent association with the sea cu­
cumber. These are samples of the mate­
rial in Hardy's lovely book. It contains 
poetic passages of description of com­
plex anatomical mechanisms that remind 
one of the writings of Sir Charles Sher­
rington. The illustrations, all by the au­
thor, include many enchanting water 
colors and some fine photographs. If you 
never buy another book about nature, 
don't miss this one. 

V IRUS HUNTERS, by Greer Williams. 
Alfred A. Knopf ( $5 .95 ) . Man's 

search for the tiny things that cause dis­
ease makes an absorbing story, which be­
gan with Jenner and Pasteur and is still 
far from ended. Years ago Paul de Kruif 
wrote a dramatic popularization of this 
branch of research that introduced the 
subject to an entire generation of read­
ers. His book had serious faults, but it 
would be unjust to dismiss it; despite its 
shortcomings it afforded millions enter­
tainment as well as instruction. Williams 
has written a sounder book; there is less 
jazz in it and more of sober fact, yet it 
is not a bit less palatable. He explains 
the achievements of the leading virolo­
gists and sketches their personalities. 
Among those whose work is described 
are : Martinus Beijerinck, the Dutch bac­
teriologist who discovered a filterable 
virus in tobacco plants sick with tobacco­
mosaic disease; George M. Sternberg, 
Surgeon-General of the Army under 
Grover Cleveland, who suggested that 
antibodies neutralized viruses, and that 
a fine way to look for the criminal was 
to look for his captor; Gilbert Dalldorf, 
who discovered the first of the Coxsackie 
viruses ( Coxsackie is a Hudson River 
Valley village where an outbreak of a 
"pseudo-polio" disease led to identifica­
tion of the virus ) ;  Ernest Goodpasture, 
who with Alice Woodruff invented the 
invaluable chick-embryo technique of 
virus cultivation ; Wendell M. Stanley, 
the .first man to crystallize a virus ; Rob­
ley C.  Williams, the astronomer turned 
biophysicist who metal-plated viruses so 
that they would pose brightly for elec­
tron microscope portraits;  John F.  End­
ers ( and his associates Frederick C. 
Robbins and Thomas H. Weller ) who got 
a Nobel prize for developing a test-tube 
method of cultivating polio virus; Max 
Theiler of the Rockefeller Institute, 
whose 17D yellow-fever vaccine has 
been administered to tens of millions of 
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ACF INDUSTRIES, INCORPORATED 
A l b u q u erque,  N ew Mexico 

O P PO RTU NITI ES 
FOR 

ENGINEERING an d 
TECHNICAL PERSONNEL 

Project Engineers 
Graduate engineers in mechanical and 
chemical engineering with three to five 
years experience at least two of which 
should have been devoted to project 
engineering planning, project coordi­
nation, design analysis, and report 
preparation. Applicants are expected 
to assume broad responsibilities for 
planning and execution of challenging 
projects involving original engineering 
work. 

Theoretical Stress Analysts 
M. S. in engineering or engineering 
mechanics with three to five years di­
rect experience in application of the­
ory of elasticity to structural members, 
thin and thick walled pressure vessels. 
Some experience in plastic range an­
alysis and nuclear reactor connected 
experience desirable but not necessary. 
Individuals selected will be expected 
to originate solutions to unique prob­
lems in the analysis of vessel struc­
tures and to participate in testing pro­
grams for the resolution of design 
problems. 

Senior Heat Transfer Engineer 
M. S. in chemical or mechanical en­
gineering and three to five years ex­
perience. Familiarity with two di­
mensional and transient systems most 
desirable. Must be able to originate 
analytic solutions to unusual problems 
demanding advanced mathematical 
treatment. 

Mechanical Engineers 
B. S. in mechanical engineering with 
one to three years background in 
stress analysis and heat transfer. 
Sought are analytically inclined en­
gineers with mathematical acuity for 
the handling of a wide variety o f  
problems including testing a n d  data 
reduction. 

Mathematician 
A.B., B.S.  or M. S. in mathematics with 
working knowledge of IBM 650 and 
704 programming methods. Must assist 
engineering personnel in formulation 
of analytic solutions to problems in 
stress analysis and heat t ransfer, for 
subsequent programming on IBM and 
Bendix Computer equipment. 

ACF Industries, Incorporated, Albu­
querque Division, is a prime contrac­
tor for the Atomic Energy Commis­
sion. Albuquerque is located in th e 
rapidly expanding Southwest with a 
high, dry, mountainous climate, ade­
quate schools, churches, and recrea­
tional facilities. U. S. Citizenship re­
quired. Send resume to : 

R. L. Hansen 
E m p l oyment  Sect ion 

P .O.  Box 1 666 
A l b u q u erque,  New Mexico 
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persons, with the result that the disease 
has practically disappeared from the ter­
ritories in which vaccination was per­
formed; Jonas Salk, who deserves almost 
as much credit for his admirable behav­
ior during the great Public Health Serv­
ice-polio Bap as for his researches ;  Heinz 
Fraenkel-Conrat, who has done for vi­
ruses what couldn't be done for Humpty 
Dumpty-taken them apart and put them 
together again . One of the advantages of 
reading a connected account of this long 
line of scientific inquiry is that one comes 
to realize what a large part of research 
consists of patience, perseverance and 
manual skill . The dazzling Bights of 
imagination popularly associated with 
research play a larger role in cosmology 
or mathematical physics, say, than in 
virus hunting; to recognize this fact is 
not to elevate one pursuit over the other, 
but to come to a more mature under­
standing of the character and variety of 
scientific labor. 

�ROUSSE ENCYCLOPEDIA OF ASTRONO-
MY, by Lucien Rudaux and C. de 

Vaucouleurs . Prometheus Press ( $ 1 5 ) . 
A clearly written, very fully illustrated, 
large-format, 500-page book that is by 
far the best general survey of its kind 
for anyone who has graduated from the 
ordinary popularizations and wants a 
taste of the real business of astronomy. 
The authors explain such matters as the 
orbits of the planets, Kepler's laws, as­
tronomical distance, the role of the at­
mosphere in astronomical observation, 
Foucault's pendulum, the ecliptic, pre­
cession, nutation, equinoxes and sol­
stices, the Zodiac, the earth as a planet, 
terrestrial magnetism and electricity, the 
earth's crust, earthquakes, the moon and 
its phases, eclipses, occultations, tides, 
the atmosphere of Venus, the canals and 
the polar caps of Mars, the minor plan­
ets, the satellites of Saturn, comets, me­
teors and meteorites, the constitution of 
the sun, double and variable stars, stellar 
atmospheres and interiors, nuclear reac­
tions in the sun and stars, the galaxy, 
the expansion of the universe, cosmo­
logical theories, astronomical instru­
ments and methods of measurement, 
spectroscopic analysis and its astronom­
ical applications. The lucid and interest­
ing text is supported by a most effective 
and intelligently planned collection of 
diagrams, photographs and charts ; the 
pictures may .not always be cleanly exe­
cuted and handsome, but they are al­
ways easy to follow, always answer the 
question and elucidate the complex mo­
tions and relations of the heavenly bod­
ies that everyone but the professional 
astronomer finds it almost impossible to 
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SYSTEMS 

RESEARCH 

SPECIALIST 
ASTRO - The research divi­
sion of The Marquardt Cor­
poration - is doing applied 
research on unique propul­
s i o n  and s e c o n d a r y  p o w e r  

techniques. There is particu­

lar interest in the direct con­
version of chemical reaction 

into kinetic or electrical en­
ergy for the creation of new 
power systems. In this area 
there is a need for a chemical 
propulsion systems research 
specialist to provide advanced 
t e c h n i c a l  l e a d e r s h i p .  T h e  
original nature o f  t h e  work 
affords an opportunity for a 
matu re, professionally rec­
ognized engineer to make a 
creative contribution in the 
areas of : 
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rocket systems. 
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visualize. This is an achievement of a I high order, and the price is very low 
for what you get. I 

I---'OLKWAYS, by William Graham Sum­
-1 ner. Dover Publications, Inc. ( $2 .49 ) . 

A paper-back reprint of a classic survey , 
by a Yale scholar who died in 1910 .  It is 
primarily concerned with the sociologi­
cal importance of usages, manners, cus­
toms, mores and morals. vVhy do Arab 
women veil their faces? Why do the ! 
Chinese regard the naked foot as inde­
cent? Why in some societies is a mere 
cover over the navel regarded as an 
adequate costume? Why do the Chinese 
give their children repulsive names? 
Why do Kaffirs hold that our form of 
marriage degrades a woman to the level 
of a cat-"the only creature among them 
that has no value"? These are among 
the thousands of beliefs and customs 
treated in Sumner's study. 

P ICTORIAL HISTORY OF PHILOSOPHY, by 
Dagobert D.  Runes . Philosophical 

Library, Inc. ( $ 1 5 ) . This book, except 
for a few photographs of modern philos­
ophers that are not easy to find else­
where and that satisfy curiosity, is a pre­
tentious piece of goods. The writing is 
pompous; the organization by nationali­
ties and schools is wayward and confus­
ing. As for the illustrations, the editor 
deems it appropriate in tracing the 
growth of philosophy to exhibit views 
and portraits of the Globe Theater in 
London, John Brown's last moments, 
Ben Franklin's bifocals, Napoleon's pro­
jected scheme for a balloon invasion of 
England, Marat stabbed in his tub, fa·­
vored positions in Yoga meditation, 
Leninists massacring "Democratic So­
cialists," Adolf Hitler in a top hat, and 
Joseph Stalin ( in connection with 
Runes's characterization of Bertrand 
Russell as one who "advocates a general 
acceptance of Soviet Russian world dom­
ination ." ) Unmixed tripe. 

P IRATES AND PREDATORS, by Colonel H.  
Meinertzhagen. Oliver & Boyd ( 70 

shillings ) .  This is a book about the 
piratical and predatory habits of birds­
vultures, eagles, hawks, falcons, kites, 
owls and others . Meinertzhagen has 
mixed in with his observations and his 
reminiscences of 70 years of bird study 
an astonishing collection of scraps and 
oddments-political and social commen­
tary, terms used in falconry, informa­
tion on whales and sea snakes and 
crocodiles, the underwater speed of pen­
guins, homilies on the invigorating quali­
ties of war. Not the least of the author's 
charms is the self-assurance with which 
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O PERATIONS 

RESEARCH SCIENTIST 

Education-College graduate. S trong 

orientation in mathematics. MS or 

PhD in  Engineering, Physics, Chem· 

istry or Mathematics desirable. 

Nature of WOI·k-Will be part of a 

professional gro u p  operating within 

Research and Development Division. 

Consults on operation research tech­

niques.  Member of project teams. 

Problems i nvolve large areas of  ac­

tivity i n  such projects as allocation of 

resources, distribution materials and 

products, scheduling o perations, re­

placement of equipment using classi­

cal operations research methods and 

developing those needed. IBM 650/ -

610 available.  

Sala ry-Starting salary depends 

upon individual qualifications. Pro­

motion from within on the basis of 

merit is an established policy of Cor­

poration.  

Write for detailed specifications and 

application form to :-

PERSONNEL PROCUREMENT 

KIMBERLY-CLARK CORPORATION 
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With L l NGUAPHONE The World's Standard Conversa­
tional Method-You Start to SPEAK another language 
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I n  j u s t  20  m i n utes a day.  you and youI' family can 

learn another language w h  ile relaxed AT HOME­
the same easy, natural way you learned to speak 
English long before you went to school. 

O n l y L I N G U A P H O N E  brings 8 to 12 of the worid's 
best native language teachers into your home. You 
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date. everyday malters in their native tongue. YOU 
listen-YO U  understand-YO U  SPEAK correctly 
as they do. It's like living in another land. 

T h at's w h y  L i n g u a p h o n e  is used 'round the world 
by scientists, educators. governments and business 
fil'ms. Over a million home-study students of all 
ages have learned to speal' another language this 
ideal, c o n versat i o n a l  way. 

Free b o o k l e t  " Pa s s po rt To A New Worl d , "  f u l l y  de­
scribes the  Conversati o n a l  M ethod : and gives deta i l s  
o n  h o w  y o u  m a y  o b t a i n  a C O M P LETE C o u rse- u n i t  
i n  t h e  l a n g u a g e  you c h o o s e  o n  F R E E  T R I A l. 
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he contradicts himself. An amusing vol­
ume with some fine pictures. 

S.TANDARD HANDBOOK OF TELESCOPE 
MAKING, by N.  E. Howard. Thomas 

Y. Crowell Company ( $5 .95 ) . HAND­
BOOK FOR OBSERVING THE SATELLITES, 
by N.  E. Howard. Thomas Y. Crowell 
Company ( $2 .50 ) . For amateur astron­
omers who are eager and reasonably 
handy. The author has had many years 
of experience teaching teen-age boys to 
build and use telescopes .  He gives clear 
directions for grinding, polishing, alu­
minizing and testing mirrors, for con­
structing the eyepiece, telescope tube, 
mounting and observatory and for mak­
ing astronomical photographs . There are 
instructive illustrations. In the satellite 
guide he presents a general introduction 
to the subject, and then explains meth­
ods of observation, the use of binoculars 
and telescopes, the world-wide Moon­
watch program, methods of photograph­
ing the satellites. The scientific knowl­
edge to be gained from outer-space 
explorations-as to air denSity, tempera­
ture, meteorites, cosmic rays, the iono­
sphere, solar radiations, the earth's mag­
netic field, weather, relativity paradoxes 
-is succinctly described. 

THE EARLIEST GEOLOGICAL TREATISE 
( 1667 ) ,  by Nicolaus Steno . St. Mar­

tin's Press ( $3 .25 ) . In 1 669 the Danish 
anatomist Nicolaus Steno ( Niels Sten­
sen ) published in Florence the treatise 
De SoUdo ( "concerning a solid body en­
closed by process of nature within a 
solid" ) ,  which, it is said, marks him as 
the founder of geology as an exact sci­
ence . Two years earlier, however, he had 
published another Latin treatise that 
dealt primarily with the anatomy of mus­
cles, but which incorporated as a "di­
gression" an appendix on geology. The 
appendix, Canis Carchariae Dissectum 
Caput ( Dissection of a Shark's Head ) , 
is presented in this little book in Latin, 
together with an English translation, in­
troduction and notes by Axel Garboe. 
This, then, rather than De Solido, may 
be regarded as the earliest geological 
treatise, and its interest lies not only in 
Steno's observations and ingenious con­
jectures, but also in the way the digres­
sion itself came about. When Steno ar­
rived in Italy for the first time in 1666, 
a gigantic shark was caught in the 
Mediterranean off Livorno, and the 
Grand Duke of Tuscany ordered its head 
to be sent to Florence for Steno's ana­
tomical studies. Examining its teeth, 
Steno was led to consider their relation 
to the Glossopetrae, or "tongue stones," 
which are common in the Mediterranean 
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Can this help YOU advance? 
a 

Familiarity with areas of knowl­
edge like these is essential if you are 
to advance to more responsible po­
sitions in this technical age_ 

D Symbolic  Logic D Circuit  Algebra 
D Cybernetics D Calculus 
D S m a l l  Electric Brain Machines,  B R A I N ­

IACS®, and How to M a k e  T h e m  
D Mathematics f o r  People  Who D i d n ' t  

L i k e  I t  
D I ntroduction to the Theor y of Games 
D Topics  in Modern Mathematics 
D Readable Writing 
D General Knowledge I:  Man in Per-

spective 
D Automatic Computing Mach inery 
D Statistics and Proba bi l ity 
D Operations Research 
D Technique of Explanation 

T o  find out how you may benefit from 
some o f  the most stimulating and useful 
courses ever offered in these and other fields, 
send for our new free catalog. Since 1 9 5 1 .  
students in 5 0  states a n d  territories a n d  2 4  
fore i g n  countries have taken advantage o f  
these home-study courses. 

FOR Y O UR FREE COPY . _ .  
check the courses which interest you and 
m a i l  this coupon with your name and ad­
dress attached to : 

E D M U N D  C. BERKELEY A N D  ASS O C I ATES 
8 1 5  Wash ington St. ,  R30 1 

Newtonvil l e  60, Mass. 
� - - - - - - - - - - - - - - - - - - - - _ _  - - - - I  

© 1960 SCIENTIFIC AMERICAN, INC



EXPERIMENTAL 
PHYSICISTS 

for work in 
Solid State Physics 

and Cryogenics 
An u n u s u a l  o p p o r t u n i t y  f o r  
physicists w h o  desire to d o  
applied research i n  the develop­
ment of new devices. A limited 
number of senior level positions 
and a supervisory positi on are 
open in a new group being set up 
at General Electric's Advanced 
Electronics Center at Cornell 
University . 

Proj ects will include the devel­
opment of several devices in­
cluding masers, coherent optical 
sources, micro components and 
infra red camera tubes. A PhD 
or equivalent is required plus 
3-5 years' experience in applied 
research. 

The Advanced Electronics Cen­
ter at Cornell University is right 
in the heart of New York's Fin­
ger Lakes Region ; a location 
that combines pleasant, small­
community living with all the 
educational and cultural bene­
fits usually found i n  metropoli­
tan locales. 

Please address inquiries to Mr. 
James R.  Colgin, Div. 59MD. 

Advanced 
Electronics 
Center at 

E l E CT R I C  
ITHACA, NEW YORK 

region . The question was : Were these 
stones produced in the rocks by inani­
mate forces that accidentally in their ac­
tion duplicated shapes like teeth and 
other parts of animals, or were the Glos­
sopetrae in reality fossilized shark's 
teeth? Steno favored the latter view, and 
to find support for it turned to the study 
of the formation of the earth's crust. An 
" image of its evolution began to take 
shape in his mind" : he concluded that 
the strata are sediments originally de­
posited in water, which later harden; 
that disturbances cause the strata to 
move from their original horizontal posi­
tion ; that "juices"-aqueous solutions­
circulate in the strata and bring changes ; 
that chemical and physical processes, 
like those known in the laboratory, affect 
the earth's crust. He hesitated to publish 
these radical views, but finally-and for­
tunately-tucked them modestly away in 
his book on muscles. A nice historical 
tidbit. 

W
ILDLIFE IN AMERICA, by Peter Mat-
thiessen . The Viking Press ( $ 10 ) . 

A history of American wildlife from the 
tim'e of the white man's arrival to the 
present day; altogether a melancholy 
chronicle of depredation and destruc­
tion. There are many books about what 
man has done to the birds, the bears, the 
buffalo and other creatures of this con­
tinent, both by slaughter and by laying 
waste the land which was their home 
and source of sustenance ; here, however, 
is the first attempt to give the whole 
s tory. An intelligent, well-written, per­
suasive job; many illustrations, a useful 
bibliography and appendices on rare, 
declining and extinct vertebrate species, 
and on conservation legislation. 

B ABIES BY CHOICE OR BY CHANCE, by 
Alan F. Guttmacher. Doubleday & 

Company, Inc. ( $3 .95 ) .  "This," says 
Guttmacher, "is an indignant book. I am 
indignant that the liberal side of the 
socio-medical issues we discuss is rarely, 
if ever, portrayed to the American reader 
by a physician. I am indignant that or­
ganized American medicine is more in­
terested in its own economic security 
than in the social health of those it 
serves. I am indignant that the Church 
wields such stultifying power in certain 
areas of medical care." He has put his 
indignation to a good cause. He presents 
the best general up-to-date account of 
the problems of contraception, steriliza­
tion, abortion and artificial insemination. 
Guttmacher is a highly regarded physi­
cian, director of the department of ob­
steh'ics and gynecology at a large New 
York hospital, and clinical professor of 

I pioneered the ultrasonic industry. 
Two well known u ltrasonic companies 
were fou nded by me.  N ow, my new 
organization,  Ultrasonic Industries, 

Inc. is  mass producing aQd selling u ltrasonic 
equipment. N o  middleman's profit in  this fac­
tory - d irect-to·consumer deal. Tremendous sav­
ings are passed on  to you. Ultrasonic c leaners 
are n ow with in the range of everybody's bu dget. 
My products stand out b ecause of their unbe l iev· 
ably low money·back·guaranteed prices, free five 
year service contract, and consistent trou ble­
f�e� perfor.ma.nce under the most grue l l ing con· 
dltlons. ThiS IS possible because my generators 
and transducers incorporate the latest advances 
i n  u ltrasonic technol ogy. 

01 S O N T E �}�:�M��� ® 
U L T R A S O N I C  C L E A N E R  

T H E  L O W E S T  P R I C E D  U LT R A S O N I C  
CLEANER EVER SOLD!  Buy one o r  1 00 and 
save!  Rugged, Efficient, Versati le ,  Fast 
• . .  Cleans in Seconds · Simple One Knob 
Control Compact . Saves Time and Money!  

CLEANS Radioactive Lab Appa­
r a t u s ,  g l a s s w a r e ,  m e d i c a l  i n ­
s t r u m e n t s ,  f o s s i l s ,  r e l a y s ,  
semi-conductors, switches, po­
tentiometers, optical pa rts, t im-
e rs, gear trains,  pr i nted c i rcuit  
boards. 

FAB U L O U S  
I NT R O D U CT O RY 
O FFE R 

V2 gal. cap. 
5 DAY TRIAL $99 Money refunded ( less 9S s h i p p i n g  c h a rg e s )  if 

not c o m p l e t e l y  s a t ·  
isfied. 

Unprecedented 5 
year service contract 
T h e  O i S O N t e g r a t o r ·  
System 40 i s  ava i lable 
from stock for imme· 

I n c l u d i n g  t a n k ,  c o n - d.ia!e del ivery ' in un· 
necting cable, and in. l i m ited quantities. 
struction manual (ex. FOR THE FI RST T I ME 
p o r t  m od e l :  220V-50 A cho ice  of  6 beauti· 
cycles! $7.50 add 'I:>. ful colors for off ice or 
w.e W i l l  pay a l l  sh lp- laboratory decor: Ivory, 
pl�g ch.ar�es to any W h e a t  ye l l ow ,  T u r-
pomt wlth m the U.S. quoise, Desert sand, 
( e x c�pt. A l a s k a  a n d  P a l e  green, a n d  soft 
Hawa I I )  !f you enclose g r e y .  S p e c i f y  c o l o r  
check With order. when orderi ng. 

SEND CHECK WITH ORDER NOW 

erfJ u. l t r a. s o n i c  
� i n d u. s t r i e s  I N C  

I TO: Ultrasonic I ndustries, Inc., Dept. 7 -SA-4 1 
141 Albertson Avenue, Albertson, L. I . ,  N. Y. 

I Gentlemen: Please ship -- DiSONtegrator® I 
I 

System Forb Unlt(s) @ $99.95 ea.:  

o Ivory 0 Pale green I 
I 0 Desert sand 0 Turquoise I o Wheat yellow 0 Soft gray 

I �  I 
I I 
I I understand that my money wil l  be refunded I 
I lf not completely satisfied after 5 day tria l .  I o check enclosed (freight prepa id) 0 C.O.D. 

I 0 bi l l  me (rated firms only) I o Please put us on your mail ing l ist L _ _ _ _ _ _ _ _ _ ..I 
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RESEARCH PROGRESS 
ON  THE SOLI D ROCKET 
Rese arch aimed at developing more 
"specific impulse" in solid propellants 
has been given top priority in the mag­
nificent new solid propellant research 
laboratory at Grand Central Rocket 
Co. Scheduled to be completed in  May. 

-: The laboratory will be 
. -::���. used by the w o r l d ' s  

�' ;."",' top propellant special-
� T  ,.!io;.� � • ists for a $ 3  m i l l i o n  

rese arch proj e c t  i n  
which priority will be 
given to development 

of the Nitrasol series of propellants  
with which we have already had con­
siderable success. 

Within a year, we hope to develop a 
h i g h - d ensity, high- energy N i t rasol  
propellant  for missile and space 
appl ications. 

The external ballistics of many missile 
applications are favored by high den­
sity in the propellant, even at some 
sacrifice of "specific impulse:' A recent 
parametric study of a 
l a r g e  m i s s i l e ,  f o r  
instance, showed that 
a range increase could 
be achieved merely by ;;' 
increasing the density :< ..;;r 
of the propellant in the 
first stage, even if the 
specific impulse were lowered at the 
same time. This finding has been con­
firmed by research done independently 
and concurrently by the Grand Central 
Rocket Co., where laboratory studies 
on the subject are continuing. 

Where possibilities of achieving such 
major breakthroughs exist, the G rand 
Central Rocket Co. management and 
its top-flight scientist teams believe 'that 
development should be vigorous. This 
is the fundamental policy that has pro­
duced such a long list of distinguished 
accomplishments in solid propulsion 
for our company. 

�tJ POS it ions open for chemists , engineers � and s o l i d  rocket production speCial ists.  

G rand Central ��eL� 
P. O. 80x 1 1 1  Telephon. : PYramid 3-22 � 1 . 

I I D L A H D S , C A L I ' O I N I A  

2 1 4  

medicine at the Columbia University 
College of Physicians and Surgeons. For 
30 years he has studied eugenics and 
planned parenthood and has taken a 
vigorous part in bringing about better 
understanding of birth control and more 
rational official policies . He has had his 
hands full ; it has been a bitter fight all 
the way, and it is still a bitter fight, but 
there have been notable gains. When is 
contraception advisable from the physi­
cian's standpoint? Must he be bound in 
his advice by medical circumstances 
alone, or shall he consider social and 
economic factors? What are the best 
birth-control methods? What is the area 
of legitimate concern for clergymen, 
judges and legislators? When is sterili­
zation the proper course? What are the 
issues involved in artificial insemination? 
What are the dimensions of the abortion 
problem and how can the honest, re­
sponsible doctor meet the dilemma 
raised by the jumble of absurd and per­
nicious state statutes covering legal 
abortion? These are the major questions 
that Guttmacher treats frankly, fairly 
and fully. His little jokes are, like most 
medical jokes, not very funny; he might 
have spared us some anecdotes. But 
these are minor blemishes on an admi­
rable tract. Birth control is too serious a 
business to be left to lawyers or preach­
ers . Ignorance, self-righteousness, hy­
pocrisy, cruelty and blind prejudice have 
long . prevailed in the councils that have 
dealt with the subject. Guttmacher offers 
an enlightened and courageous chal­
lenge to these backward forces. 

PAUL EHRENFEST, COLLECTED SCIEN­
. TIFIC PAPERS, edited by Martin J. 
Klein. North-Holland Publishing Com­
pany, Interscience Publishers, Inc. 
( $ 13 .75 ) . The scientific papers, previ­
ously unpublished doctoral dissertation, 
Leiden inaugural speech, article on sta­
tistical mechanics from the Encyklopii­
die der M athematischen W issenschaften, 
and published lectures and addresses of 
the famous Viennese-born physicist, 
known especially for his work in statis­
tical mechanics and its relations with 
quantum mechanics, who in 1912  suc­
ceeded to H. A.  Lorentz's chair of theo­
retical physics at the University of Lei­
den. Except for a skimpy introduction by 
H. B. G. Casimir, this volume, which 
will be treasured by Ehrenfest's many 
pupils, contains no biographical memoir, 
a regrettable deficiency. 

Notes 

MATHEMATIQUES ET MATHEMATI­
CIENS, by Pierre Dedron and Jean !tard . 

How To Get Things Done 
Better And Faster 

* Gives Gra p h i c  Pictu re-Saves Time,  Saves 
Money, Prevents E rrors 

* S i m p l e  to ope rate-Type o r  Write on Cards, 
Snap in Grooves 

* Ideal for  Production, Traffic, I nvento ry, 
Schedu l i n g ,  Sales,  Etc. 

* Made of Meta l .  Com pact and Attractive. 
Over 500.000 i n  Use 

Full  price $4950 with cards 

I F R E E l  24-PAG E BOO KLET N O. C-400 
Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEM S  
Yanceyvil le.  North Carolina 

C A L C U L A T I O N S  
Easily Solved on the 

B INARY C I RCULAR SL IDE  RULE 
In Arithmetic, A 1gebra and Trigonometry. Any number 
of factors can be handled in long and difficult calcula­
tions . 'fhe "e " scale of the BINARY rule is 25 inches 
long, with graduations 25% further apart than those 
of a 20- in(:h slide rule. The CI, A, K and Log scales 
are divided as closely as a 20" straight rule. The Log­
Log scale extends from 1 .0015 to 1.000,000 . Gives trig 
functions from 0 to 90 degrees on back, with indicator 
reading. Engine divided scales in black. overlaid with 
yellow, on alternate scales on white coated aluminum, 
Permanently accurate. Dia. 8 %  inches. Pric&-$10 . 25 
in case. Approved at leading Univ. Used by largest 
firms in U.S . 

ATLAS SLIDE RULE-Precision Made 
The " Atlas" s l ide rule solves problems in Multiplica ­
tion. Division and Proportion, Gives resuils with a 
maximum error of less than 1 in 35,000. Has two "C" 
scales . One is 25'" long and the other is a spiral or 
25 coils. Equivalent to a straight rule 50 ft. long. 
Reads answers to 5 places. ACCURATELY CEN­
TERED. Used in largest U.S. Laboratories. Chemists, 
Physicists and Engineers have found thi-s rule in­
,'aluahle for its great accuracy. Dia. 8 % "', same con­
struction as "Binary" . TrIg functions from 0 to 90 
degrees on back. Price-$13 .50 in case. 

M I DGET 
CIRCULAR SLIDE RU LE 

Similar to Binary. Has C. cr, A, LL and Binary scales. 
e scale is 1 2 "  long. Precision made, accurately cen­
tered. remains accUl'ate, Trig functions on bnck, with 
indicator. 3/4 million sold. Price-$4 .  in case. 4"  din. 
s

a�:sg�i�����Crft�r��U1�eb���e�U���ls(I��troe�
lb��ranteed. 

Sold at Bookstores & Engineering Equipment Stores. 
Or, Order direct. I�STRUCTION BOOK WITH RULE. 

G I LSON SL IDE  R U LE CO. 
B o x  1487 SA, Stuart. F la .  

S l i de R u le M a kers si nce 19 1 5  
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MACRO 
SYMBOLIC 
CODING 

SYMBOLIC 
CODING 

ABSOLUTE 
BINARY 
CODING 

omputer 
Programmers : 

Where do you stand 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 SDC. 

There is also a basic professional advantage 
in the fact that programming is a primary 
function at SDC, 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 at all levels ( at Santa 
Monica, California and Lodi, New Jersey ) .  

The extension of SDC'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 D. B. Price, SDC, 2420 Colorado 
Avenue, Santa Monica, California. 

"SP- 1 27 ANCHOR An Algorithm for Analysis 
of Algebraic and Logical Expressions," a 
paper by Howard Manelowitz of SDC's staff 
is available upon request. Send request to 
Mr. Price at SDC. 

SYSTEM DEVELOPMENT 
CORPORATION 

Santa Monica, California · Lodi, New Jersey 
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At The Ramo-Wooldridge 
Laboratories . . .  integrated programs 
of research & development of 
electronic systems and components. 

The new Ramo-Wooldridge Laboratories i n  Canoga Park provide 

an environment for creative work in an academic setting. Here, 

scientists and engineers seek solutions to the technological prob­

lems of today. The Ramo-Wooldridge research and development 

philosophy places ma� or emphasis on the imaginative contribu­

tions of the members of the technical staff. _ There are outstanding 

opportunities for scientists and engineers. Write Dr. Richard C .  

Potter, Head, Technical Staff Development, Department 15-D. 

l®l THE RAMO -WOOLDRIDGE LABORATORIE S U 8433 FA L L B R O O K  AVE N U E, CANOGA PAR K, CAL I FO R N I A  
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A n  e l e ctro n d e v i c e  p e r m i t s  s c i e n t i s t s  to s t u d y  t h e  
b e h av i o r  of c h a r g e d  d u st p a rt i c l e s  h e l d  i n  s u s p e n s i o n .  

Magnard ( 1 ,980 francs ) .  A n  attractive­
ly illustrated survey of mathematical 
thought from antiquity to the age of 
Newton and Leibnitz. 

AFRICA, by George. Peter Murdock. 
McGraw-Hill Book Company, Inc. 
( $ 1 1 .75 ) . An introductory guidebook 
based on the ethnographic literature, 
dealing with food-producing activities, 
the division of labor by sex, housing and 
settlement patterns, kinship and mar­
riage, the forms of social and political 
organizations and several related topics . 
Maps, a large fold-out chart and photo­
graphs .  

WARD AND WHIPPLE'S FRESH-WATER 
BIOLOGY, edited by W. T.  Edmondson, 
John Wiley & Sons, Inc. ( $34,50 ) . Sec­
ond edition of this concise ( 1 ,200 
pages ) ,  authoritative guide to the North 
American freshwater fauna and flora, 
Thousands of illustrations. 

THE SPECIAL THEORY OF RELATIVITY, 
by J. Aharoni. Oxford University Press 
( $7 .20 ) . This book deals with both ten­
sors and spinors ( the latter being needed 
because of quantum mechanics ) in sim­
ple mathematical terms-which is to say 
only elementary knowledge of group 
theory is required-and uses this ap­
proach to explain the theory of relativity, 

STUDIES IN ANCIENT TECHNOLOGY, 
VoL VI, by R.  J, Forbes. W, S, Heinman 
( $6 ,50 ) . The sixth volume of this series 
of studies gives our present knowledge 
of the ancient means of producing heat, 
cold and light. Illustrations and tables ,  

PRINCIPIA ETHICA, by C. E.  Moore, 
Cambridge University Press ( $ 1 .95 ) . A 
paper-back reissue of Moore's most in­
fluential book 

LOGICAL POSITIVISM, edited by A, J .  
Ayer. The Free Press ( $6 ,75 ) , An an­
thology of classical papers on the logical 
positivist movement by its founders : 
Moritz Schlick, Rudolf Carnap, Otto 
Neurath, Hans Hahn. The book also con­
tains, among others, Bertrand Russell's 
essay on logical atomism ( which was a 
forerunner of the development of the 
movement ) ,  a section on analytical phi­
losophy and an invaluable 60-page bibli­
ography of logical positivism, 

A HISTORY OF SCIENCE, TECHNOLOGY 
AND PHILOSOPHY IN THE 16TH AND 17TH 
CENTURIES, by A, Wolf. Harper and 
Brothers ( two volumes, $ 1 .  95 each ) . 
Reprint in soft covers of a clearly writ-
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SHAPE 

OF PROGRESS 

Max Planck's work was done in an atmosphere of 
unrestricted scientific freedom . Such an atmosphere 
is provided in Collins Radio Company Research lab­
oratories for physicists, mathematicians and engi­
neers engaged in basic research. These are men 

The principles of spectral energy distribution of the capable of looking beyond man's present limitations, 
radiation from a black body, announced by Max with the ability and ambition to analyze man's prog­
Planck in 1900, were of intense interest to the theo- ress and envision his future environment .  To further 
retical physicists of the day. Since then, these prin- implement the advancement of scientific knowledge 
ciples have paved the way for major advances in at Collins ,  with the resultant development of new 
marine navigation and radio astronomy. For ex- technologies, unique professional opportunities are 
ample, Collins new Radio Sextant pictured here is now being offered in the fields of radio astronomy, 
capable of continuously tracking the sun or the circuits ,  advanced systems, antennas and propaga­
moon under any weather conditions, furnishing both tion, mechanical sciences and mathematics .  Your 
the ship's location and heading with high precision . inquiry is invited . 

� 
COLL I N S  R A D I O  C O M P A N Y  • C E D A R  R A P I DS.  I OWA • DALLAS.  TEXAS • B U R BA N K. CAL I FO R N I A  
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ten, agreeable, eminently sound survey, 
valuable alike to the novice and the 
scholar. Many excellent illustrations. 

INTHODUCTION TO THE MECHANICS OF 
THE SOLAH SYSTEM, by Rudolf Kurth. 
Pergamon Press, Inc. ( $6 .50 ) . The fun­
damental methods of the astronomical 
part of celestial mechanics in a succinct 
and relatively elementary presentation. 

THE COMMON SENSE OF SCIENCE, by 
J. Bronowski. Random House ( 95 
cents ) .  A Modern Library paper-back 
reissue of an edifying little book. 

DESIGN AND PEHFOHMANCE OF GAS 
TUHBINE POWEH PLANTS, edited by W.  
R. Hawthorne and W. T.  Olson. Prince­
ton University Press ( $ 15 ) . This volume 
( Vol. XI ) and its companion ( Vol. X )  
i n  the High Speed Aerodynamics and Jet 
Propulsion Series treat the major engine 
components of aircraft gas-turbine pow­
er plants, describing and explaining the 
basic phenomena underlying their de­
sign and operation. 

HANDBOOK OF PHYSIOLOGY; SECTION 
I, NEUROPHYSIOLOGY; VOL . II, edited by 
John Field, H. W. Magoun and Victor 
E. Hall. The Williams & Wilkins Com­
pany ( $20 ) . The second volume of this 
critical and comprehensive survey con­
tains some 27 articles on such topics as 
the pyramidal tract, autonomic mecha­
nisms, posture and locomotion, control 
of eye movements, respiration, the car­
diovascular system, digestive function, 
body temperature, the cerebellum, the 
reticular formation, the hippocampus. 

LIGHT FROM THE ANCIENT PAST, by 
Jack Finegan. Princeton University 
Press ( $ 1 0 ) . Revised edition of an ex­
cellent survey of the archaeological 
background of Judaism and Christianity, 
incorporating the results of many new 
excavations and further studies. Fresh 
illustrations have been added . A first­
class job that nonspecialists as well as 
scholars can appreciate . 

THE AVIAN EMBRYO, by Alexis L. 
Romanoff. The Macmillan Company 
( $35 ) . This massive and exhaustive 
monograph is a complementary and 
companion volume to the author's The 
Avian Egg, published in 1949, and seeks 
to bring together all the known facts 
about the structural and functional de­
velopment of the embryos of birds . The 
book is based upon a study of more than 
7,000 original publications, of which 
about 2,700 are cited in the text ; it con­
tains an SO-page bibliography. 
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AEROJET·GEN ERAL CORPORAT ION .  A S U B­
S I D IARY OF THE  GEN ERAL T I R E  AND 
RUB B ER  COM PANY . . .  . . . . . . . . . . . . . . . . . . . . . 223 

Agency : D '  Arcy Advertising Co. 
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ENGINEERS 
SCIENTISTS 

FUTURISM 
in 

contemporary 

220 

R&D 
Radical departures from traditional 
forms of scientific investigation are 
the keynote of Republic Aviation's 
forward-looking programs in space 
exploration and upper atmosphere 
flight. In an environment that re­
gards with skepticism the seeming 
validity of conventional conclusions, 
engineers and scientists seek below­
the-surface solutions of problems •.• 
bypassing the superficial. 

Expanding the scope and depth of 
present programs is Rep u b l i c's 
r e c e n t l y  c o m p l e t e d  $14 million 
Research and Development Center. 
Extensive facilities here are an in­
vitation to professional men to real­
ize the future by solving today's 
most perplexing problems. 

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

SENIOR LEVEL OPENINGS EXIST 

IN THESE IMPORTANT AREAS: 

Space Electronics (Guidance, Naviga­
tion, Communications) / Hypersonics 
/ Hydromagnetics / Nuclear Power 
Packages / Advanced Computer Tech· 
nology / Applied Mathematics / Space 
Environmental Studies (Life Science) 
/ Celestial Mechanics / Electronic 
Theory / Plasma Physics / Radiation 
Studies / Re·entry Techniques / Fluid 
Mechanics / Materials Research & 
Development 

Please f o,.,vard resumes to: 
M,·. Geo"ge R. Hickman 

Technical Employment Manage,', 
Department 8D 
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Samuel Howell Knight in Bulletin of 
the Geological Society of America, 
Vol. 35, pages 107-108; March SO, 
1924. 

ETUDES SYNTHETIQUES DE GEOLOGIE 

EXPERIMENTALE. Gabriel Auguste 
Daubree. Paris, 1879. 

ORIGIN OF SUBMARINE "CANYONS." Regi­
nald A. Daly in American Journal of 
Science, Vol. 31, No. 186, pages 401-
420; June, 1936. 

THE PHYSICS OF BLOWN SAND AND DES­
ERT DUNES, R. A. Bagnold. Methuen 
& Co., Ltd., 1941. 

SEDIMENTARY ROCKS. Francis John Petti­
john. Harper & Brothers, 1957. 

TURBIDITY CURRENTS AS A CAUSE OF 
GRADED BEDDING. Ph. H. Kuenen and 
C. 1. Migliorini in The Journal of 
Geology, Vol. 58, No. 2, pages 91-
127; March, 1950. 

TURBIDITY CURRENTS AND SEDIMENTS IN 
NORTH ATLANTIC. D. B. Ericson, 
Maurice Ewing and Bruce C. Heezen 
in Bulletin of the AmeTican Associa­
tion of Petroleum Geologists, Vol. 36, 
No. 3, pages 489-511; March, 1952. 

SPIDER WEBS 

GEOMETRICAL SPIDERS. R. W. G. Hing­
ston in A Naturalist in Himalaya, 
pages 82-163. H. F. & G. Witherby, 
1920. 

NOTES ON THE BIOLOGY OF SPIDERS-
1. THE EVOLUTION OF SPIDERS' 
SNARES. W. S. Bristowe in Annals 
and Magazine of Natural History, 
Series 10, Vol. 6, pages 334-342; 
September, 1930. 

LA TOILE GEOMETRIQUE DES ARAIGNEES. 
Andre Tilquin. Presses universitaires 
de France, 1942. 

UNTERSUCHUNGEN UBER DIE PROPOR­
TIONIERUNG 1M SPINNEN-NETZ. Hans 
M. Peters in Zeitschrift fur Natwjor­
schung, Band 6b, Heft 2, pages 90-
107; Februar/Marz, 1951. 

DELAYED HYPERSENSITIVITY 

CELLULAR AND HUMORAL ASPECTS OF 
THE HYPERSENSITIVE STATES. Edited 

© 1960 SCIENTIFIC AMERICAN, INC



The Applied 

Physics Laboratory 

The Johns Hopkins 

University announces 

Appointments jar Senior Scientists in 
WEAPON SYSTEMS 

EVALUATION 

The Assessment Division of The Applied Physics Laboratory has undertaken 

new responsibilities and is expanding its Senior Analytical Staff. Senior Scientists 

and Engineers in such fields as Mathematics, Physics, Physical Chemistry and 

Engineering have in the past proven very effective in solving the types of problems 

involved, which include the evaluation of weapon systems in tactical environments, 

the employment of future weapon systems, and the application of the most recent 

advances in science and technology to these systems. More specifically, we are 

concerned with broad concepts of weapon systems as related to fleet air defense, 

naval attack, anti-submarine warfare, as well as all aspects of limited war. 

The performance of these assignments requires Scientists and Engineers with 

mature minds capable of making original contributions. Though the primary tool 

used in the studies is war gaming played on digital computers, previous experience 

in operations research is not required. You will maintain close association with 

high-level scientists of other laboratories. 

The results of these studies will provide the guide lines for a significant portion 

of the nation's hardware research of future years. 

The Laboratory provides an atmosphere of scientific freedom conducive to 

original and creative work. For information and arrangements for interview write 

in confidence to: 

Dr. Charles F. Meyer 

Assessment Division Supervisor 
The Applied Physics Laboratory 

The Johns Hopkins University 
8641 Georgia Avenue, Silver Spring, Maryland 
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Did you know that perfect telescopes like Questar will show you tiny 

lines some nine times smaller than their theoretical resolving power? 

We hesitate to put a figure on it since the miraculous living tissue of 

the eye is the final lens of any visual optical system. This extraordinary 

phenomenon often makes terrestrial observing dramatic and exciting. 

No telescopic photograph of these old timbers taken from more than a 

third of a mile away could show the tiny grain and hairline cracks that 

were so plainly visible through Questar. This interesting preference 

of the human eye for linear detail explains why we can sometimes see 

impossibly minute hairs on distant animals or too much detail in feathers. 

It also holds when we turn Questar's full astronomical powers on things 

only a few feet away and use it as the first long-distance microscope to 

reveal a ,,,hole ne\\, ,vorLd to our astonished eyes. 

The superfine Questar, with its normally erect images and the fingertip 

controls of its convertible mounting, is expressly made for such work. 

It is sold only direct from the factory and costs $995 complete in its fitted 

English leather case. Send for 32-page booklet. Ter·ms are available. 

�uestar 
BOX 20 NEW HOPE PENNSYLVANIA 

by Henry Sherwood Lawrence. (Paul 
B. Hoeber Book) Harper & Brothers, 
1959. 

THE DELAYED TYPE OF ALLERGIC IN­
FLAMMATORY RESPONSE. H. Sher­
wood Lawrence in The Ame-rican 
Journal of MediCine, Vol. 20, No.3, 
pages 428-447; March, 1956. 

EXPERIMENTAL ALLERGIC ENCEPHALO­
MYELITIS AND THE "AUTO-ALLERGIC" 
DISEASES. B. H. Waksman in Inte1'l1a­
tional A-rchives of Allergy, Vol. 14, 
Supplement; 1959. 

REACTIONS OF GRAFTS AGAINST THEIR 
HOSTS. R. E. Billingham in Science, 
Vol. 130, No. 3,381, pages 947-953; 
October 16, 1959. 

RADIA TION AND 
THE HUMAN CELL 

THE ACTION OF RADIATION ON MAM­
MALIAN CELLS. T. T. Puck in The 
American Naturalist, Vol. 44, No. 
874, pages 95-109; January-February, 
1960. 

THE SOMATIC CHROMOSOMES OF MAN. 
J. H. Tjio and T. T. Puck in Proceed­
ings of the National Academy of Sci­
ences, Vol. 44, No. 12, pages 1,229-
1,236; December, 1958. 

THE RISE OF A ZULU EMPIRE 

THE DIARY OF HENRY FRANCIS FYNN. 
Edited by James Stuart and D. McK. 
Malcolm. Shuter and Shooter, 1950. 

OLDEN TIMES IN ZULULAND AND NATAL. 

A. T. Bryant. Longmans, Green and 
Co., 1929. 

SHAKA ZULU. E. A. Ritter. G. P. Put­
nam's Sons, 1957. 

THE SOCIAL SYSTEM OF THE ZULUS. Ei­
leen Jensen Krige. Longmans, Green 
and Co., 1936. 

MATHEMATICAL GAMES 

A HISTORY OF BOARD-GAMES OTHER 

THAN CHESS. Harold James Ruthven 
Murray. Oxford University Press, 
1952. 

THE AMATEUR SCIENTIST 

DYNAMICS AND NONLINEAR MECHANICS: 
SOME RECENT ADVANCES IN THE Dy­
NAMICS OF RIGID BODIES AND CELES­
TIAL MECHANICS. E. Leimanis and N. 
Minorsky. John \Viley & Sons, Inc., 
1958. 

MECHANISMS AND DYNAMICS OF MA­
CHINERY. Hamilton H. Mabie and 
Fred W. Ocvirk. John Wiley & Sons, 
Inc., 1957. 
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One of a series 

Payoff In portable photons 

Samarium-145, Samarium-153, Gadolinium-153. 

Scientists at the General Motors Research Laboratories began three 

years ago to measure and re-evaluate the nuclear characteristics 

of these rare earth isotopes - their half-lives, photon emissions, 

thermal neutron cross sections. 

Conclusion: the radioisotopes had attractive possibilities in industrial 
and medical radiography, emitting almost pure gamma rays or 

X-rays (photons) in the low energy range of 30 to 100 kev. 

The transition from research to hardware came through two key 

developments. First, cermet pellets were fabricated using only a few 

milligrams of the rare earth oxides. Then the irradiated pellets 

were packaged in special bullet-size holders. 

The resulting small, sealed radiographic sources are now being 

field and laboratory tested. Two excellent applications: "inside-out" 

checks of hollow shapes inaccessible to X-ray tubes, and radiography 
of thin steel sections and low density materials such as 

aluminum or human bone. For example, a recent medical 

milestone was a chest radiograph of a living person made with 
a Sm 15 3 source. The portable exposure unit to shield the source 

weighed only 18 pounds. 

This isotope radiography program is but one example of the work under­
way in GM Research's modern isotope laboratory - work that means, 

through science, "more and better things for more people." 

General Motors Research Laboratories 
Warren, Michigan 

Useful range for radiography 

ill! ,§�ml5l Gdl5l 

5 'I Smu! 
• M L. U 

Aluminum thickness (Inches) Sm153 exposure unit. 
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The Lunar Space Station proj ect at Martin is one of 
astoni�hing magnitude, for it coordinates practically all 

areas of scientific thought into one common objective: 

sustaining life in outer space. If you have the scientific or 
engineering talent required to aid in t he fulfillment of 

this objective, we urge you to write immediately to N. M. 

Pagan, Dir. of Tec h. & Scientific Staffing, T he Martin 

Company, (Dept. G-11), P. O. Box 179, Denver 1, Colo. 
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vision/ avenir 
"Noiseless, nuclear-powered vessels of virtually unlimited range 

"Silencieux et rapides, des biitiments a propulsion nucIeaire et a rayon d'action pratiquement 

and high speed will augment a weapons system with unparalleled stealth, 
iIlimite donneront a l'armement une soudainete de manoeuvre, un pouvoir de surprise, une puissance 

surprise, power and mobility_ The strategic importance of the submarine 
et une mobilite incomparables. Des travaux de recherche et de perfectionnement augmenteront la 

will be expanded through research and development to such 
valeur strategique du souo·marin, qui se pretera a de nouvelles applications: plate· forme de 

additional capabilities as that of a missile platform, a radar picket station, 
lancement de fusees, station piquet radar, chasseur de sous-marin, transport ou cargo submersible." 

an antisubmarine weapon and an underwater transport or freighter." 

reality /realite 
Launched in 1959, the nuclear-powered George Washington 

Le George Washington et Ie Patrick Henry, mis a l'eau en 1959, sont les premiers des nouveaux 

and Patrick Henry are the first of the new ballistic-missile-firing submarines 
sous-marins a propulsion nucIeaire, lanceurs d'engins balistiques, que construit l'Electric Boat 

built by General Dynamics Corporation's Electric Boat Division. 
Division de la General Dynamics Corporation. Les croisieres historiques du Nautilus, du Seawoll 

The historic sub-polar and sub-Atlantic voyages of the USS Nautilus, 
,et du Skate, qui sont passes sous Ie pole et ont traverse l'Atlantique en plongee, ainsi que 

USS Seawoll, and USS Skate, and the speed and performance records 
les records de vitesse et les performances du Skipjack et du patrouilleur piquet radar Triton, 

of USS Skipjack and the radar picket patrol submarine USS Triton, 
ont demontre que les seules limites de la navigation sous-marine sont d'ordre physiologique. 

have proven that underwater travel is subject only to physiological limitations. 
Ces sous-marins nucIeaires permettent non seulement d'utiliser les etendues sous·marines pour 

These nuclear submarines have opened up the entire undersea, not only for 
la defense, mais d'en envisager l'exploration, la mise en valeur et la colonisation pacifiques. 

defense but also for peaceful exploration, cultivation and colonization. 
CONVAIR 

GENERAL ATOMIC 

ELECTRIC BOAT 

GENERAL DVNAMICS 
CANADAIR LIMITED 

ELECTRO DYNAMIC 

STROMBERG-CARLSON 

LIQUID CARBONIC 

MATERIAL SERVICE 
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