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Abominable Snowman stopped cold 
Most unrelenting enemy of modern highways is a 

slow but sure destroyer: water. Splashing, seeping, 
freezing, thawing, it forces roads to crack and crum
ble . . .  makes it easy for traffic to pound them to 

pieces. 

Now, Guardkote® cement 140 provides a tough, 
waterproof surface that stands up to today's fan
tastic traffic loads. Based on Shell Chemical's Epon® 
resin, Guardkote 140 is a new paving cement which 

is made and sold by licensed formulators throughout 
the country. A layer the thickness of a nickel seals 
out moisture ... resists freeze-thaw cycling ... pro

vides a lightweight, long-wearing, tire-gripping sur
face that helps prevent skids. 

Making your road tax dollars go farther is another 
Shell Chemical contribution 
that paves the way for safer, 
more comfortable travel. 

Shell Chemical Company 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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Nems-Clarke-a division of Vitro Corporation of 

America-has produced precision electronic equip

ment for industry and defense since 1909. Now 

this division becomes Vitro Electronics, retaining 

the Nems-Clarke brand name on product lines. 

Electronics at Vitro, including both hardware and 

systems, today exceed $20 million annually. Among 

Nems-Clarke proprietary products is telemetry for 

these space programs: Transit 1-8 (n'avigation), 

Tiros (weather), Project Mercury (man-carrying). 

-.bIro ELECTRONICS 

VITRO'CORPORATION OF AMERICA I NEW YORK. WASHING TON. LOS ANGELES I OVERSEAS: GENEVA. MILAN. BOMBAY 
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THE NEW AGE OF COMMUNICATION 

SOON ... GLOBAL RANGE 

FOR THE 

VOICE OF FREEDOM 

In today's race for men's minds, iron and bamboo 

curtains are not the only obstacles. We are con

fronted also by an electronic curtain-powerful 
jamming transmitters that drown the voice of free

dom in a cacophony of senseless sound. And tele

vision, so powerful a medium of information and 

entertainment in our own country, con scarcely 

crass a border because of its limitation to line-of

sight transmission. 

Soon, three satellites hovering in equatorial·ar

bit above the earth can forever level all these 

barriers. Functioning as communications relay sto

tions, they can beam the sights and sounds of the 

free world to the committed and the uncommitted 

everywhere. News, entertainment and such events 

as the election of a President can be seen and 

heard around the world, relayed from space on 

microwaves unaffected by static and impractical 

to jam. Total cost will be a fraction of that for 

doubling the capacity of today's overworked com

munications network. 

When') I n less than a decade. The spadework 

is done. Communications satellites of the type en
visioned here are technically feasible today. And 

we at Radiation I ncorporated are proud of our 

part in helping to make them so. 
RADIATION Incorporated was identified with 

such projects as Score, Tiros, and Courier, each in 

its way a forerunner of the communications satel

lites of the 1970's. These and other assignments 

from government and industry in many areas of 

sophisticated electronics Ole a measure of our 

capabilities. If you'd like to know more about us 

and our work, write for our brochure, "Capabil

ities Report." Address Radiation Incorporated, 

Dept. SA-l, Melbourne, Florida_ 

RADIATION 
INCORPORATED 

MAIN OFFICES AND PLANTS ARE LOCATED AT MELBOURNE AND ORLANDO, FLORIDA; MOUNTAIN VIEW AND PALO ALTO, CALIFORNIA 
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a Mallory first • • •  

The Mallory Mercury Reference 
Battery is the first low imped
ance, multi-voltage, commercial
design DC reference source for 
laboratory instrument calibra
tion: pH,speed, temperature and 
voltage measurements; bias cir
cuits; telemetering. 

Rugged, non-glass construction ... 
resists damage by electrical and 
physical abuse. Operates in 
any position. 

Low impedance-only Y2 to 1 ohm 
per cell. 

Accuracy: ± Y2% of stated voltage. 

Stable, long Iite-3 years or more. 

Multi-voltage-8 outputs, from a 
to 10.80 volts, in 1.35-v. steps. 

PRICE $39.50 
Available tram: 

FISHER SCIENTIFIC CO., Pittsburgh, Pa. 

CENTRAL SCIENTIFIC CO., Chicago, III. 

MAC ALASTER BICKNESS CO., Cambridge, Mass. 

BRAUN CHEMICAL CO., Los Angeles, Calif. 

-and from Mallory electronic parts 
distributors. 

For complete specifications and appli
cation data, write for Bulletin 1-200. 

Mallory Battery Company 
North Tarrytown, N.Y. 

a division of 

M A'ITORY 
In Canada: Mallory Battery Company 
of Canada Limited, Toronto 4, Ontario 

In Europe: Mallory Batteries, Ltd., 
Dagenham, England 
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THE COVER 

The photomicrograph on the cover shows crystals of ice growing in the 
laboratory of B. J. Mason at the Imperial College of Science and Technology 
in London (see page 120). The crystals are illuminated by reflected light; 
their various colors are due to the interference of light reflected from their 
rear surfaces and light reflected from their front surfaces. Crystals of the 
same color have the same thickness. Growth rate can be determined by 
the rate at which colors change. The ice crystals are all growing on the 
surface of a large single crystal of natural cupric sulfide, or covellite. 
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... likeits counterpartthechessqueen,the" I digital 

computer offers unmatched power ••• complemented 

by •.. many programming aids ••• microsecond speed 

... an expandable plu g-in memory ... a f u l l  range 

of peripheral equipment ... allin the most compact 

package at the lowest cost In the computer field. 

� Packarel B.II CO l'1nlpu1:er 
A I.blldl.ry of P ..... rd hll El ectronl.1 

1905 Armacost Avenue, Los Angeles 25, California 
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New from Du Pont 
. . .  a thermoplastic 
"Teflon" film that's 

easy to fabricate 
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New "Teflon"* FEP-fluorocarbon fihn has nearly all the unique advantages of "Teflon" TFE with 

one big plus. It's a true thermoplastic that can be easily formed and sealed. And, in many cases, it 

can be laminated and heat-bonded without adhesives. (A cementable type of "Teflon" FEP fihn is 

available for your special needs.) Here are just some of the advantages of "Teflon" you get in this 

new fihn: • Unique antistick and low-friction properties. Chemically inert to practically all known 

chemicals. Electricals are high (up to 4,000 volts/mil. dielectric strength) and stay high . Per

formance stays high from -250°C. to over 200°C. 
"Teflon" FEP fihn opens the door to whole new areas of design and product improvement. In 

fact, Du Pont Film Department technicians, pioneers in industrial film development, are constantly 

discovering dramatic new possibilities for this unique fihn. Is there one for your product? Mail 

coupon and start investigating "Teflon" FEP fihn. (Briefly describe end use you have in mind.) 

FIL 
*Du Pont trademark 

TYPICAL PHYSICAL PROPERTIES 
Melting Range . ... . .. . . . . . . . . . . . . . . . . . . . . . 545-563°F. 

Ultimate Strength . . . . . . . . . . . . . . . . • . . . . . . . . . 3,000 pSi. 

Ultimate Elongation . .. . ... . .. . . . . ....... 300% 
TenSile MOdulus . .... . . . . .. . . . . ...... . . . . . 43,000 pSi. 

Flex Life . .. . ... . . . . ... . . .. .. .. . . . . . . . . . . . 4,000 cycles 

CoeffiCient of Friction . . . . . . . . . . . . . .. . . . . .. . . . . . . .  0.09 

ELECTRICAL PROPERTIES 
Dielectric Constant 

23°C., 100 cps. to 100 Mc ................ ... 2.1±0.1 

1000 cps., -40°C. to 225°C . . . . . . . . . . . • • . . .  2.13-2.04 

Dissipation Factor 

23°C. 100 cps. to 100 Mc . . .... .... .... . 0002-.0007 

1000 cps., -40°C. to 240°C. . .. .. .... .... .. .. .0002 

100,000 cps.,< -40°C. to 2 40°C ............... . 0005 

Volume Resistivity 

-40°C. to 2 40 °C . . .. ........ .......... >10170hlTl jclTl 

Surface ReSistivity 

-40°C. to 24 0°C . ........ ...... . >1016 ohlTl /sq. unit 

Dielectric Strength 

23°C., 60 cps. 

1 mi l flllTl . . ... . . . ... .... .... .. .... .. . 4000 vOlts /lTlil 

15 lTlii film . . . .. . ..... . . .... .... .... . 1700 vOlts /lTlil 

Surface Arc Resistance . . . • • •• •• •• • • •• •• •  > 1 6 5 sec. 
(sample melted in arc • • •  did not track) 

<[(JPOtID 
REG. U. S. PAT. orr. 

BETTER THINGS FOR BETTER LIVING 
• •  THROUGH CHEMISTRY 

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

I 
I 
I 
I 
I 
I 
I 
I 
I 

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

Name __ ____________________________ _ 
Company Name _ ____________________ _ 
Address _ __________________________ _ 

Job Function _____ __________________ _ 
Proposed End Use __ _____________ _ 

L ____________ _ _  -I 
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Rugged enough to sLirvive shock from a sledge hammer, Nortronics-Norwood subminiature 

rate gyros require no warm-up, stand ready from -65°F to +200°F. Despite their small size 

(2") and weight (4 oz), these fundamental sensors surely and precisely feed the missile brain a 

stream of subtle signals. Out of the box, into the bird, they are set to "keep her on track". 

Engineered and manufactured under the tightest standards of performance and reliability, 

gyros from Nortronics - rate, integrating, navigational - set industry marks. Terrier, Tartar, 

Bomarc, Nike Zeus and Polaris all get 

e 
NORTRONICS 

a hand on the helm from Nortronics. A Division of 
NORTHROP CORPORATION 

PRECISION PRODUCTS DEPARTMENT, NORWOOD, MASSACHUSETTS. Field Offices: Highway #46, Teterboro, New Jersey, Telephone� 

ATlas 8-1750, TWX-Ha.sbrouck Heights 871·U • 2486 Hunting ton Drive, San Ma.rino, California, Telephone: ATlantic 7·0461, TWX·Alhambra 9619·U 

FOUR-OUNCE TOUCH 

FOR AN X-TON THRUST 

8 
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You're looking at the hottest brand in in" the 

entire range of America's industrial expansion-"WG"

Western Gear. It took breadth and depth in more fields than one-more than the making of gears-, 

to supply the diversified growth aims and defense needs of tl'<le Western W orld. And Western Gear 

Corporation has done it _ Today, the WG brand marks more than 500 products of six divisions. And 

under the Western hat are found the brainpower and capabilities -proven since 1888 -in the engi

neering, design and manufacture of components, systems and all 

types of electro-mechanical equipment -in every sphere of applied 

power and motion _ Let Western Growth assist your company. 

For complete particulars, request Corporate Brochure 5900. Executive 

Offices, Western Gear Corporation, P. O. Box 182, Lynwood, Calif. 

WESTERN G EAR CORP OR ATION 

SYSTEMS INDUSTRIAL · PRECISION 
MANAGEMENT PRODUCTS PRODUCTS 

DIVISION DIVISION DIVISION 

-
ELECTRO GRAPHIC SDUTH-

PRODUCTS ARTS WESTERN 
DIVISION DIVISION DIVISION 

SEATTLE, WASHINGTON; BELMONT, LYNWOOD, PASADENA, CALIFORNIA; HOUSTON, TEXAS. OFFICES IN ALL PRINCIPAL CITIES. 
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how do you solve a problem that takes 100 billion calculations '? 

So complex are the problems of nuclear engineering that the Atomic Energy Commission asked IBM for a com

puter dramatically faster than the fastest in existence. The result is STRETCH, world's most powerful computer. 

Several years ago, physicists found that problems involving billions of calculations were blocking their efforts to 

design more efficient atomic reactors. They called on IBM to "stretch" the resources of technology to the limit 

and produce a computer of startling new dimensions . •  IBM will soon deliver the STRETCH computer to the Los 

Alamos Scientific Laboratory of the University of California. While you are reading this sentence, STRETCH can 

make about six million additions or three million multiplications. It works on many parts of a problem at the same 

time. Because of its speed, it can solve problems for which equations are known, but for which solutions are not 

practical on any previous computer system . •  Though designed for sCience, the enormous capacity of STRETCH 

will soon be serving business as well; for scientists and businessmen alike face a host of data handling problems 

and look to computers and data processing systems for speedy solutions. 

z= 

A 
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While the program of Governor Rockefeller and his "hard-hat" administration has created the nation's most rewarding 
climate for businessmen in New York State, the women at home haven't been forgotten, either. New homes, schools, 
shopping centers and recreational facilities have sprung up so fast that New York State's living clirri'ate is second to none. 
Cities, suburbs and rural areas alike are undergoing vast modernization treatments . . .  while the state's natural beauties, 
historical sites, ocean beaches and upstate mountains and lakes are unequaled in the variety of pleasures they offer. 
And when it comes to fashion, culture and entertainment, New York State has no rivals . . .  not only on Fifth Avenue, 
and in the theatres, concert halls and supper clubs of New York City ... but in thriving communities all over the state. 

We'll compile a report tailored to your specific new plant needs. Write Co·mmissioner Keith S. McHugh, Dept. of Com
merce, Room 658, 112 State St., Albany 7, N. Y. (All contact between your office and ours will be kept under our hat.) 

GET lIP TO DATE ON NEW YORK STATE ... WHERE 

THEY�BE TALKING THE BlI.SINESSMAN�S LANGlIAGE 

II 
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!lJ[ff!l! !lJjjJ(jj}ffo° CHAICE VOUGHT CORPORATIOI 

The name used to be Chance Vought Aircraft, and it fit the 

company perfectly. No other name is more closely associated 

with aviation's growing years and great hours. Vought 

aircraft ... a parade of over 40 different models ... have 

served the U. S. continuously since 1919. Now, with the 

Crusader fighter helping to maintain the Free World's border 

watch, and with a newly developed all·weather version 

enroute to join the 700 Crusaders already delivered, aviation 

remains a vital interest at Vought. But today, Chance Vought 

has expanded beyond its traditional field' into other market 

areas both military and industrial • The Aeronautics Division, 

which supplies the new all·weather Crusader to the Navy and 

is at work on other aircraft and missile projects, is also 

headquarters for a company·wide anti·submarine effort • 

The Astronautics Division - deep into studies for manned 

space flight - is prime vehicle contractor for the NASA Scout 

12 

and a key contractor on the Air Force Blue Scout Junior, 

both research rockets • An aggressive Electronics Division 

supplies components and systems to major U. S. defense and 

research programs • Vought Range Systems is a world·wide 

service organization with space·tracking, range instrumen· 

tation and many other responsibilities • Vought Research 

Center feeds basic knowledge to all divisions • A subsidiary 

- Vought Industries, Inc. - is the nation's leading producer 

of mobile homes· Another subsidiary - Information Systems, 

Inc. - produces industrial automation and process control 

equipment· National Data Processing Corporation, in which 

Chance Vought owns a majority interest, specializes in 

business data processing equipment particularly in the 

banking field· Now, under Chance Vought Corporation, these 

diverse activities are associated in name as well as in skills 

and resources to serve both old and new customers better. 
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DIGITAL 
MODULES 

. . . building block or plug-in card 
Which package fits into your design? Packaged either way, Delco Radio Digital 

Modules meet or exceed all MIL-E-5272D (ASG) environmental requirements. 

Continuing life tests on these computer circuits now exceed four and one-half 

million transistor hours without a failure. The modules perform all the standard 

logic functions and come in many basic types and variations. Delco modules in the transistorized building block package are 

ideally suited for airborne guidance and control because of their extreme ruggedness, compactness and reliability. All miniature 

building block modules employ three dimensional welded wiring techniques and are vacuum encapsulated in epoxy resin. Delco 

Radio can offer you off-the-shelf digital circuits packaged as building blocks or plug-in cards, or can supply circuits to meet your 

specific needs. Our Sales Department will be happy to send you complete engineering data. Just write or call. • Physicists and 

electronics engineers: Join Delco Radio's search for new and beller products through Solid State Physics. 

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS 

Division of General MOlars . Kokomo, Indialla 

13 

© 1960 SCIENTIFIC AMERICAN, INC



This new type Bendix radar, initiated by the United States Air Force, Rome Air Development Center, and now sponsored by the Advanced Research Projects 
Agency, Dept. of Defense, is the forerunner of radars promising unprecedente

.
d protection. Note how much it differs from conventional radar in background. 

THIS ENTIRELY DIFFERENT RADAR PROMISES NEW PROTECTION 
You are looking at an entirely dif
ferent type of radar. One that we be
lieve will, for the first time, be able to 
spot and track thousands of enemy 
ballistic missiles simultaneously. 

It is known as ESAR (electroni
cally steerable array radar). It con
tains no moving parts and it differs 
radically in performance and appear
ance from conventional radar which 
has rotating antennas. 

The demonstration model, shown 
above, is located at our Radio Divi
sion, Baltimore, Maryland. Its great 
five-story face houses nearly 9,000 
tiny, individual antennas whose 
"computer-steered" beams can be 
electronically shifted from target to 
target quicker than a wink. It will 
track rockets fired from the National 
Aeronautics and Space Administration 
launching site at Wallops Island, Va., 
and keep an alert watch on air traffic 
in the Baltimore-Washington area. 

W hen development is successfully 

completed, larger ESAR type radars 
may also be used to keep tabs on 
thousands of earth-circling satellites, 
and to track and communicate with 
space vehicles launched on deep 
probes to the moon and other planets. 

Bendix is a leading producer of all 
kinds of radar for civilian and mil
itary uses. Surveillance stations 
equipped with our radar include 
northern early warning installations, 
others throughout this country, as 
well as towers at sea and in distant 
lands-a ll ip a l l  w a t c h i n g  o v e r  
25,000,000 square miles. 

Because Bendix airborne weather 
radar provides an accurate picture of 
weather conditions 150 miles ahead, 
pilots of thirty-three domestic and 

T�ncfY 
CORPORATION 
Fisher Bldg., Detroit 2, Mich. 

ESAR contains nearly 9,000 of these Christmas tree type 
antennas. "Electronically steeroble," they can watch thou
sands of missiles, aircraft, and satellites simultaneously. 

foreign airlines are able to minimize 
the effects of storms and thus give 
their passengers smoother, safer rides. 
Bendix® Doppler Radar is an air
borne na viga tion system that is 
adding greater safety to United Air
lines overseas flights. 

Other Bendix radar devices include: 
airport surveillance equip men t ,  
Ground Controlled Approach radar, 
radar systems for military helicopters, 
marine radar, proximity fuses, and 
TV weather-reporting radar. 

A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS: 
automotive • electronics • missiles & space • aviation • nucleonics • computer • machine tools • sonar · marine 

14 
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Panelescent® lamp now adds sales-appeal 

to dozens of today's products ... 

YOURS COULD BE NEXTI 

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 (elec
troluminescent) 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 Special Products, 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 
15 
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What Would 

75% PAINT 
SAVINGS 

Mean in YOUR 

Finishing Department? 

Designed for the New Decade-Beautifully 
styled BAL HARBOUR line of aluminum furniture 
by AFCO was winner of the 1960 Apollo Award 
for pre-eminence in design. The uniform, high 
quality finish is applied electrostatically with the 
Ransburg No.2 Process Hand Gun. 

Ransburg No. 2 Process Electrostatic Hand" 
Guns are providing a 75% paint savings in 
the painting of beautiful AFCO aluminum 
furniture. 

AFCO Aluminum Furniture Co., Inc., 
Miami, Fla., replaced hand spray with two 
Ransburg Electrostatic Hand Guns. Along 
with paint and labor savings, quality of the 
work was improved with greater uniformity. 
And, production volume was increased a 
healthy 700%! Formerly, they were painting 
approximately 100 items a day. NOW, with 
the faster, cleaner Electrostatic Hand Guns, 
they paint from 700 to 800 pieces per day. 
Electrostatic is faster because the "wrap
around" characteristic of Electro-Spray 
paints all areas of this type of work with a 
pass from one side only. 

� 'iQUUn,>-
NO REASON WHY YOU CAN'T DO IT TOO 
Write for information and literature about this revo
lutionary, new painting tool. See how the Ransburg 
Electrostatic Hand Gun can save time ... paint ... 
and cut costs in YOUR finishing department. If 
your production justifies, it'll pay you to investigate 
Ransburg's automatic electrostatic spray painting 
equipment. Write for our No.2 Process brochures 
which show numerous examples of modern pro
duction painting in both large and small plants. 

RANSBURG 
Electro-Coating Corp. 
Box 23 122, Indianapolis 23, Indiana 
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LETTERS 
Sirs: 

Many of us here at the Buescher Band 
Instrument Company read with great in
terest the article by Arthur H. Benade, 
"The Physics of Wood Winds," that ap
peared in the October issue of your 
magazine. 

It has occurred to me that you and 
your readers might be interested to know 
that one of the features that Dr. Benade 
mentioned as being hypothetically pos
sible is incorporated in some of the in
struments that we manufacture. In the 
next to the last paragraph of the article 
Dr. Benade stated that a:1 instrument 
maker might provide "a few extra open 
holes at the bottom of the bore which 
would be used only as emitters of sound." 

We have provided an extra hole in the 
side of the bell of an alto, a tenor and a 
baritone saxophone that we manufacture, 
whose sole function is as an emitter. 
This hole on these saxophones is not 
fitted with a key or pad and so remains 
open at all times, as Dr. Benade sug
gested might be done. 

LYNN L. SAMS 

President 
Buescher Band Instrument Company 
Elkhart, Ind. 

Sirs: 
Near the close of his review in your 

September issue of "The Western Intel
lectual Tradition," by J. Bronowski and 
Bruce Mazlish, C. P. Snow comments on 
the nearly simultaneous discoveries of 
non-Euclidean geometries by Gauss, 
Lobachevski and Bolyai, as "quite ob
viously more than a chance." 

One need not look far for a cause. In 
the work of Immanuel Kant, particularly 
in the Critique of Pure Reason, great 
emphasis is laid on the existence of only 
one geometry. Kant interprets this 
uniqueness as due to the fundamental 
nature of human intellect; in his view it 
constitutes one of the eternal limitations 
subject to which we perceive the uni
verse. 

Absolute assertions such as this in phi
losophy have always constituted chal
lenges to scientific investigation. Kant's 
mathematical contemporaries naturally 
responded with the appropriate inquiry 
and investigation. Whether the stimulus 
came directly from Kant's own work, or. 

from the general philosophical climate 
of the time in which Kant flourished, is 
another question. 

CHARLES F. RICHTER 

California Institute of Technology 
Pasadena, Calif. 

Sirs: 
In "Mathematical Games" for July, 

Martin Gardner has some speculation 
about the current length of pi which 
caused me to recall the latest infonna
tion to come to my attention. 

In the February, 1959, issue of Mathe
matical Reviews (Vol. 20, No.2) J. C. 
P. Miller of Cambridge, England, re
views a paper by Fran90is Genuys which 
gives pi to 10,000 decimals, computed 
from Machin's formula on an IBM 704 
computer. 

Miller checked this value against that 
of G. E. Felton, who had previously 
worked it out to 10,017 decimals using 
two methods. (It was Felton's prelimi
nary unchecked results, published in 
1957 in Oxford Mathematical Confer
ence: Abbreviated Proceedings, which 
went wrong after 7,480 decimals.) Miller 
found Genuys in agreement with Felton 
to 10,000 places. 

Since Felton's two values agree with 
each other and with Genuys', I think we 
can be reasonably satisfied that pi is 
known to over 10,000 places. 

BEN E. DYER 

New York, N. Y. 
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The first high-voltage silicon rectifiers 
with a perfect reliability record 

Westinghouse High Voltage Silicon Rectifier Stacks provide high 
direct·current potentials utilizing the cumulative effect of silicon 
rectifier cells connected in series. Since these stacks first became 
available, there has been no record of a single stack failure. Over 
20,000,000 failure·free stack·hours have been achieved in a wide 
variety of industrial applications. 

Silicon Rectifier Stacks were introduced to industry a few years 
ago and began to replace mechanical rectifiers, vacuum tubes, and 
selenium assemblies. Because of silicon's inherently higher effi· 
ciency and unlimited life, this method of rectification seemed to 
offer great promise. Early applications, however, suffered from 
mysterious failures. Before entering this field, Westinghouse Semi· 
conductor Engineers initiated a broad investigation which ultimately 
defined the basic problem-to maintain equal division of both 
transient and steady state reverse voltages among the series ele· 

ments. Once the problem was determined, they were able to 
design modular circuits which successfully provided equal division 
of reverse voltages under all conditions. 

The solution of this problem has resulted in Westinghouse High 
Voltage Silicon Rectifier Stacks which offer industry the advantages 
of high efficiency, unlimited life and operation in high ambient tern· 
peratures. 

These Westinghouse Stacks are presently available in a wide range 
of current ratings: from 1.2. to 18 amperes; from 9.6 to 35 kilo· 
volts. Their reliability record has been proved in such applications 
as: electrostatic precipitators; radio broadcasting transmitters; 
radar transmitters; pulse modulators. For more information, you 
are invited to call or write: Westinghouse Electric Corporation, 
Semiconductor Dept., Youngwood, Penna. SC·I01S 

VO" �n be '", •••• ;H,·, Westinghouse @ 
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�Yflro��� There's a new look at Ryan-the look of a company which has 

Ll pioneered in the aircraft and missile eras and is now geared for the 

challenging demands of the Space Age. Fast-moving, flexible, staffed 

Vll�llith men who are skilled in solving problems beyond the usual -Ryan
'
s two 

divisions and three subsidiaries complement each other in achieving break

throughs in the new technologies of the Space Age. From Doppler navigation 

systems to multi-stage space probes to fresh concepts in data handling OO@[l� and electronic communications-Ryan· continues to demonstrate its capa

D 0 
biIities in the most advanced fields of design, development and fabrication. 

New contracts, calling for years of design and development work, have created 

opportunities at Ryan for career engineers with abilities beyond the usual. 
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Tomorrow's Technology ... Today! 

• • 

. . \ 
.:

) •• 
•• 
•• 
.. 

A division of Ryan Aeronautical Company, Ryan 
Electronics develops Ind manufactures electronic 
systems for aircraft, missiles, ships, and space 
systems. With plants It KeamyMe .. , Sin Die,. 
(Engineering Center) and To"anee, Cllif. (Pro
duction Center), Ryan Electronics is recognized 
as the world leader in CoW Doppler navlgation_ 
The Division's programs are making significant 
contributions toward solution of lunar landings. 
terminal guidance, gravitation control, and EeM. 

Aerolab Development Company, located .t 
Pasadena, California, is a subsidiary of Ryan 

Aeronautical Company. Aerolab has developed 

more space probes and rocket-powered research 

models, including the Mercury Capsule model, 

which have been fired, than any other firm in 

the United States. Aerolab is a science team with 

quick reaction capabilities, and with special tal· 

ents for solving advanced problems in Space. 

A subsidiary of Ryan Aeronautical Company, Ryan 

Transdata, Inc. (San Diego) is developing meth· 

ods for the automatic conversion of information 

to a form that will enable industrial and gov· 

ernment executives and military commanders to 

make rapid, accurate decisions. Related applica· 

tions include air traffic control, military com· 

mand control and surveillance logistics control, 

and command control of space vehicles. 

Ryan Communications, Inc., a subsidiary of Ryan 

Aeronautical Company, is located at Canoga Park, 

California. Under development here are solutions 

to specialized communications problems of the 

military, government and industry. Fields include 

high·, very high., and ultra·high frequency and 

microwave transmitting and receiving equipment, 

methods of coding modulation and multiplexing, 

and space-aided communications. 

As an experienced systems manager, Ryan 
San Diego can integrate and focus the special 
capabilities of all company units on the problems 
of missiles, drones and space vehicles. Ryan's 
rich background as a pioneer in the development 
of systems, such as the most widely used jet· 
powered, recoverable drone and the first jet VTOL 
research aircraft, extends over three decades. 
Long before the Space Age dawned, Ryan was 
developing capabilities to meet its challenge. 

RYAN 

AERONAUTICAL COMPANY 
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To the Engineer 

looking for a fast circuit seesaw 

AE 
CAN 
DO 

I . 
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If you're in need of something better than a 
flip-flop that only partially transfers a circuit 
-something with a transit time of less than 
a millisecond-then you'll be delighted with 
AE's Series PTW Polar Relay. This mag
netically biased relay will transfer a circuit 
with the beautiful regularity of an observa
tory clock, and trigger on only a few mils 
from your available energy source. 

Substantially smaller than other polar relays, 
the PTW's unique design virtually guaran
tees the high-speed switching of a single cir
cuit billions of times without readjustment! 
Its service records to date in telegraph and 

teleprinter circuits and differential controls 
suggest that its life is practically limitless. 
Terminals to meet your specs. 

Our circuit engineers will be happy to work 
with you in adapting the PTW to your 
designs. Or possibly you'd like to leave the 
switching to us-in which case we can take on 
the complete packaging and more than likely 
shave your costs. 

For full information on the PTW, ask for 
Circular 1821-E - and for answers to your 
control problems, write the Director, Control 
Equipment Sales, Automatic Electric, North
lake, Illinois. 

AUTOMATIC ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 
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is experientetl in 
Researth anti Development 

Intimate combinations of materials 
form new materials with new and 
different properties. A large part of 
technology is involved in creating new 
materials with new and useful properties. 

At LFE new devices are developed by 
an appropriate blending of different 
technologies. Thin film memory 
devices are being developed by a team 
of physicists, chemists, metallurgists 
and mathematicians. Advanced 
airborne navigation computers are 
being developed through the joint 
efforts of mechanical engineers, digital 
engineers, mathematicians and physicists. 

These are but two of many programs 
in Research and Development now 
underway at LFE. 

If any of your programs call for the 
combining of numerous technologies, 
we invite your critical examination 
of LFE's capabilities and facilities. 
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Teammates: 
engineers who 
developed a new kind 
of motorized 
hospital bed ... 

At last, a simplified motorized bed any hospital can 
afford! With hand switch on cord, patient easily adjusts 
bed to positions pre-set by nursing staff with touch-toe 
controls-thus freeing staff for other duties. Developed by 
Ingersoll Products Division and field-tested in leading 
hospitals, this marvel of simplicity eliminates complex 
mechanisms, reduces maintenance ... operates at low 
cost with smaller-than-usual motor. 

... and those who 
developed three 
new ideas in 
plumpirlg fixtures! 

Styling is just half the beauty of this bath! In Borg
Warner fixtures, there's functional beauty within. It was 
B-W's Ingersoll-Humphryes Division who pioneered the 
industry's three newest ideas in 30 years-wall-hung home 
toilets, raised-bottom end-outlet tubs (not shown) for 
above-the-floor draining of waste, sunken tubs. B-W fix
tures are made in six pastels, including House & Garden 
Magazine colors for 1961, plus white. 

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

The 7 Hats of Borg-Warner 
• • •  (top) national defense; oil, 
steel and chemicals; (middle) 
agriculture; industrial machin
ery; aviation; (bottom) automo
tive industry; home equipment. 

... and today, as always, engineering is 

the backbone of Borg-Warner! A fact 

further demonstrated • by a rugged, 
lightweight automotive torque converter 
that puts equivalent capacity and effi

ciency in a smaller package (Long Manu
facturing Division) • by Kool
Shade® solar screen that blocks 
out sun's rays yet has complete 
visibility, keeps interiors up to 15 % 

cooler (Reflectal Corporation, a B-W 
subsidiary) • by a true constant velocity 
universal joint to transmit power through 
hi'gh angles and eliminate the hump from 

a car floor (Mechanics Universal Joint 
Division). Throughout the divisions and 

subsidiaries that make up Borg

Warner Corporation, over 4,000 
engineers stand tall with pride over 
their creation-better products! 

BORG-WARNER 
BETTER PRODUCTS THROUGH CREATIVE RESEARCH AND ENGINEERING 

Borg·Warner Corporation • 200 South Michigan Avenue . Chicago 4, Illinois 
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Instrumental in your future ... Beckman medical and clinical instruments-moving the science 

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

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

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

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

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

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

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

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

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

® 
Beckman 

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

AND CONTROL I DIVIS IONS: BERKELEY' H ELI POT· SCI ENTI FIC & PROCESS IN STRU M ENTS • SPECIAL PROJ ECTS • SPI NCO· SYSTEM S I BECKMAN 

IN STRU M ENTS I NTER NATIONAL. S.A., SWITZER LAN D • BECKMAN IN STRU M ENTS, G.m.b.H .. GERMANY· BECKMAN I NSTRU M ENTS, LTD., SCOTLAND 

© 1960 B.I.I. Be 61009 
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HOW 
PRECIOUS METALS USERS 

CAN 

[D]ljj[IT� �@��U 
AFTER THEIR PRODUCTS 

ARE SOLD 
Handy & Harman, its customers and pre
cious metals users generally, are con
stantly engaged in a "National Recovery 
Act" that is often surprising and always 
rewarding. To put it another way, one of 
our largest activities is the artful extrac
tion of precious metals from industrial 
"waste." You'd be surprised at the vari
ous disguises that hide cold, hard cash. 
Sweepings, sludge, rags, polishings, 
X-Ray films, machine turnings and 
scrap in every form in existence. More 
surprising than this is the frequency with 
which manufacturers, fabricators and 
processors either overlook this hidden 
value or dispose of it at an unbusiness
manlike loss. 
That's the recovery part of our busi
ness and we're expert at it. After all, a 
company that's in business for 91 years 
formulating, developing and fabricating 
gold, silver, platinum and their alloys 
for all industry, certainly knows where 
to look for leftovers. We have a Bulletin 
that more fully describes Refining and 
what it can mean to you. Just ask for 
Bulletin 24. 
We'd like to tell you more about precious 
metals and their uses. More about the 
role they play in electronics, automotive, 
appliance and in many other industries. 
Simply state your interest - specific or 
general- to Handy & Harman, Dept. 
SA3, 82 Fulton St., New York City 38. 

Your No. J Source of Supply 
and Authority on Precious Meta" 

HANDY & HARMAN 
G eneral Of/ice&: 82 Fulton Street, New York 38, 

New York 
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50 AND tOO 
YEARS AGO 

MERICAN 
JANUARY, 1911: "It is with positive 

consternation that we learn of the de
termination of the Navy Department to 
place reciprocating engines in the new 
battleship Texas. Presumably the object 
of the Navy Department in going back 
to a type of engine which has been dis
carded by all the navies of the world is 
to economize on fuel, the reciprocating 
engine in our scouts and battleships hav
ing shown itself to be at cruising speeds 
more economical than the turbine. The 
turbine is more reliable, particularly 
when the engines are being driven at 
maximum speed, under which condition 
the engineers in charge of reciprocating 
engines are in constant dread lest the 
failure of some minor part will put the 
engines entirely out of commission. The 
fatuity of the action of the Department 
in this matter was very aptly put by one 
of the leading naval architects of the 
world when he said: 'I had supposed 
that the advantage of the turbine for sus
taining high speed was an important bat
tle consideration; but it seems to me that 
the navy of the United States should now 
prepare a signal, for hoisting when meet
ing an enemy at sea, which will read: 
Please don't disturb us; we are proceed
ing at our most economical speed.' " 

"During the hearing of the case of 
Marconi v. the British Radio Telegraph 
and Telephone Company, in the King's 
Bench Division, London, the judge and 
lawyers will have practical demonstra
tions, permission having been granted 
for the conversion of the court into a 
'wireless' operator's office. Messages will 
be sent and received. T he arrangements 
will be carried out under the superin
tendence of Professor Boys." 

"Heavy is the toll taken annually by 
the sea of British shipping and the for
eign vessels sailin g near the English 
coast. Casualties were received by 10,-
650 vessels during the year, and 4,738 
lives were lost. Of vessels belonging to 
the United Kingdom, 5,276 suffered 
casualty, and 322 of these were totally 
lost. The number of seamen and passen-

gers saved from British wrecks, and 
wrecks of foreign vessels near the British 
coast, was 7,820." 

"Had the incident occurred a quarter 
of a century ago we could have under
stood better the discussion which has 
been provoked in that august body, the 
Academy of Sciences, Paris, by the can
didature of Madame Curie for member
ship. Respect for custom and tradition 
is an admirable attitude if it be judicious
ly tempered by due considerations of 
time, place and personality; but we can
not help feeling that in this advanced 
age, in such a center of enlightenment as 
Paris, and where a scientist of such bril
liant performance as Madame Curie is 
concerned, this discussion as to whether 
she is eligible for admission to the Acad
emy of Sciences is altogether deplora
ble. When science comes to the matter 
of bestowing its rewards it should be 
blind to the mere accident of sex; one 
does not have to be an enthusiast on the 
subject of the extension of the rights and 
privileges of her sex to feel that here is 
a woman who, by her brilliant achieve
ment, has won the right to take her place 
with her compeers in the Academy, or 
any similar institution devoted to the 
fwthering of science." 

"Why is it that the Diesel motor, 
which must be considered as one of the 
h'iumphs of German mechanical genius, 
has been so greatly neglected in this 
country that there is today no American 
firm engaged in its manufacture? Here 
is a new type of motor, sound in princi
ple, economical and durable in opera
tion, guaranteed both in laboratory tests 
and under various conditions of com
mercial operation, which for some reason 
or other has been totally neglected in 
the U. S. We are at the dawn of a motor
driven ocean steamship era, and it is the 
Diesel motor which is being installed in 
the fine vessels now building for ocean 
service. Is the U. S. to have no part in 
this development?" 

"Neon appears to give remarkable re
sults when used in vacuum tubes for 
lighting purposes. The rarefied gas pro
duces a strong light as is brought out by 
M. Georges Claude. However, it is very 
difficult to prepare such tubes, as neon 
loses its effect when in the presence of 
a small amount of other gas. To over
come this he uses Dr. Dewar's principle 
of absorbing by carbon at a very low 
temperature. Carbon is placed in bulbs 
connected to the tubes and kept very 
cold so that all the gases are absorbed 
but the neon and a little hydrogen. The 

© 1960 SCIENTIFIC AMERICAN, INC



A GIANT RADIO HIGHWAY 
IS PERFECTED FOR TELEPHONY 
A radio relay system operating at 6 billion cycles per second and able to 

transmit 11,000 voices on a single beam of microwaves-several times as 

many as any previous system-has been developed at Bell Laboratories. 

Utilizing the assigned frequency band with unprecedented efficiency, this 

new, heavy-traffic system was made possible by the development and 

application of new technology by Bell Laboratories engineers and scientists. 

For example, they arranged for the waves in adjacent channels to be 

polarized 90 degrees apart, thus cutting down interference between 

channels and permitting the transmission of many more telephone con

versations in the same frequency space. They developed ferrite isolators 

to suppress interfering wave reflections in the waveguide circuits; and 

a new traveling wave tube that has ten times the power handling capacity 

of previous amplifiers and provides uniform and almost distortionless 

amplification of FM signals. They devised and applied a new high-speed 

diode switching system which instantly switches service to a protection 

channel when trouble threatens. 

To transmit and receive the waves, the engineers applied their in

vention, the horn-reflector antenna. Elsewhere, this versatile antenna 

type is brilliantly aiding space communication research in the recep

tion of radio signals from satellites. For radio relay, a single 

horn-reflector antenna can efficiently handle both polarizations of 

the 6000 megacycle waves of the new system; at the same time it 

can handle 4000 and 11,000 megacycle waves used for existing 

radio relay systems. Thus it enables all three systems to share 

economically the same radio towers and routes. 

Produced by the Bell System's manufacturing unit, Western 

Electric, the new system is now in operation between Denver 

and Salt Lake City, and will gradually be extended from coast 

to coast. This new advance in radio technology is another example 

of how Bell Telephone Laboratories works to improve your 

Bell communication services. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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NEW G-E uWEDGE BASE" LAMP 
SAVES SPACE, SAVES MONEY, 
SAVES TIME, SAVES MANPOWER 

NEW WEDGE BASE 
in socket 

The new "Wedge Base", all-glass, incandescent indicator lamp is an 
exclusive G-E development designed to replace the old #57 and other 
similar bayonet-based lamps. It's available in 6.3 and 12 volts. See below. 

The Wedge Base saves space because, with its holder, it is considerably 
smaller than the old #57. It saves money because the holder and total in
stallation costs are less. It saves time because the holder is easier to install 
and the lamp can be seated with just a push. And it saves manpower because 
installation can be automated and holders can be molded into plastic circuits. 
The G-E Wedge Base lamp can withstand ambient temperatures up to 600°F 
because it has no basing cement. 

A major automobile 
manufacturer is already 
using G-E Wedge Base 
lamps; they're available 
in mass quantities. For 
more information write: 
General Electric Co., 
Miniature Lam p Depart
ment M-12, Nela Park, 
Cleveland 12, Ohio. 

The Wedge Base is available in two ratings 
G.E. Lamp No. 158 159 
Circuit Volts • • •  12 • • •  6.3 
Amperes • • • • •  0.24 • • .  0.15 
Design Volts • • •  14 • • •  6.3 
Rated Av. Life 
at design volts • •  500 Hrs. 
Filament • • • • •  C·2V. • C·2R 
L.C.L. • • • • • •  %" . . .  Y21f 
Bulb . • • • • • •  T·3',4 • T-3',4 
Base Type • • • .  Wedge . Wedge 
Candle power • • •  2 • • •  _35 

'In excess of 5000 hrs. at 6.6 volts 

ltogress Is Ovr Most Imporf<1nf Protlvcf 

GENERAL e ELECTRIC 
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carbon bulbs can then be removed. He 
uses a tube with a 20-foot distance be
tween electrodes and two inches diam
eter. Only 1,000 volts is needed, com
pared with 3,000 volts for a nitrogen 
tube. It gives 1,320 total candle power, 
consuming 850 watts, or .64 watts per 
candle power. No doubt this value will 
fall much lower after experiments." 

JANUARY, 1861: "The metal alumi
num is coming more and more into use. 
A finn at Newcastle-on-Tyne, England, 
has begun the manufacture of it on a 
large scale, in the pure state and as 
bronze. Unexpected results have been 
obtained in experimenting with it as an 
alloy; 20 parts of aluminum with 80 of 
copper produce a metal which, to the 
eye, has all the appearance of gold. Alter 
the proportions, and mix 10 of aluminum 
with 90 of copper, and the result is a 
metal singularly hard." 

"Our present issue shows that we have 
brought out the big gun, and that we 
have got upon the stocks iron-plated 
frigates of war, soon to be in readiness 
for sanguinary conflict upon the high 
seas. We have not yet reached those 
'last days' spoken of by the prophet 
Isaiah, when 'nation shall not lift up 
sword against nation, neither shall they 
learn war any more.' For 15 years past 
we have had extensive correspondence 
with mechanics and manufacturers 
throughout all the states, and we have 
yet to learn that the predictions of the 
inspired prophet have even an incipient 
realization on this or any other conti
nent. We know not of an instance where 
a single sword has been beaten into a 
plowshare, but we have heard it an
nounced that even the weather-beaten 
muskets of our distinguished fellow citi
zen, George Law, have at last found a 
ready sale. Amidst the general dullness 
of trade and finance, the forges of Mars 
are blazing away with unwonted fury, 
and even 'strange fire' is issuing forth 
from their smoky embers. Dragon's 
teeth have suddenly sprung up as armed 
men, and we can almost hear 'the shout, 
the shock, the groan of war.' " 

"The convention of the State of Flori
da, assembled at Tallahassee, passed an 
ordinance of secession on the 11th inst. 
Mississippi, in convention on the 9th, de
clared herself out of the Union; and Ala
bama will, in all probability, have voted 
herself out before we go to press." 
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He's got Minutemen 
"working on 

the railroad" 

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

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

Single Command Concept 
Whether for conceptual problems 

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

- Ground Support Equipment 

- Weapon Systems 

- Undersea Warfare 
-Radar 
- Automatic Handling & Processing 
- Range Instrumentation 
- Space Environment Equipment 
- Nuclear Research & Development 

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

F bas ingenuity �ou can use 'k' AMERICAN MACHINE & FOUNDRY COMPANY 
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THIS IS GLASS 
A BULLETIN OF PRACTICAL NEW IDEAS FROM CORNING 

99.999+% PURE 

FUSED SILICA 
Astronomers are notoriously strict about 
materials. Well they might be, since a 
minor deviation in an optical material 
makes for catastrophic miscalculations 
when extrapolated through the infinity 
of space. 

A new fused silica which we developed 
is eliciting quiet approval, the most 
anyone expects, from the meticulous 
astronomer. Drop to the molecular level 
and you will find only several parts of 
impurity per million of silica. 

Such purity is naturally beneficial to 
the optical properties of the material. It 
has an extremely high degree of optical 
homogeneity. When you talk visible or 
ultraviolet light, it is the most transparent 
glass we have ever made. On the physical 
side, it has a coefficient of expansion of 
5.6 x 10-7 rc. Its refractive index is 
nD-1.4584. Birefringence constant: 3.40 
m mu/cm/kg/cm2• Neither gamma nor 
X-rays darken it. 

Among some of the various products 
that we have made or are presently 
working on are telescope mirrors up to 80 
inches, ultrasonic delay lines; windows 
for wind tunnels, high temperature view
ing and star guidance systems. 

We can play a few tricks with this 
fused silica in designing. Witness the 
unique sandwich construction of the 
mirror blanks above. This simple design 
innovation cuts as much as 50% off the 
weight of the mirror blanks without sacri
ficing rigidity one whit. 

The coupon is your invitation to get 
more information on this new Corning 
material. 

WILL THE MACHINE 

GIVE WAY TO CHEMICALS? 

The dial faces below were made without 
the assistance of a single die or jig, without 
grinding or cutting or drilling or milling 
or stamping or any other mechanical 
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operation. 
We made them by exposing photo

sensitive glass to a precisely drawn pat
tern and a series of chemical etchan ts. 

This is more than a parlor trick. 
It is a method of making parts pre

cisely which would be impossible or far 
too costly to make mechanically. I t is the 
FOTOFORM@ process. 

We make brush holders for digital 
computers which call for rectangular 
holes measuring 0.0075" x 0.015". 

We can take a square inch and riddle it 
with as many as 250,000 holes, each pre
cisely like all its neighbors. Or, with a 
simple inexpensive change in art work, 
we could make just one of those 250,000 
holes a triangle. 

The material itself is nonporous and 
dimensionally stable glass, utterly free of 
flaws and voids and able to operate con
tinuously at 500°C. 

We can use the same process on FOTo
CERAM,@ one of our glass-ceramics which 
has a coefficient of expansion nudging zero. 

If you would like to know more about 
chemical machining and the photosensi
tive glasses, please send the coupon. 

FOR 10-6mm Hg 

GREAsELEssLY 

With all due apologies to the people who 
make grease, it is usually a nuisance in 

CORNING MEANS 

vacuum lines. 
It's also a likely source of contamina

tion. 
So, we say, get rid of grease. 
There are recesses in the sockets of this 

joint which match to perfection the con
figuration and dimensions of a Buna-N 
O-ring. 

Even without grease, this seal will hold 
a vacuum down as far as 10-6 without 
leaking. 

The assembly accepts a standard sock
et and clamp. 

The glass is PYREX@ brand No. 7740, 
so it will not serve as a source of contam
ination either. It's easily worked to fit 
into any setup, so it should be in demand 
for more than the usual bench-top vac
uum line. There should be considerable 
demand among people everywhere who 
wan t a tight, greaseless join t. 

The November 1959 issue of The Re
view oj Scientific Instruments has something 
to say about this useful new tool. So do 
we. For our message, call your local lab 
supply dealer, or send us the coupon 
direct. 

LG-2 15 HERE 

If you work with lab glassware, you know 
that LG is the code name for the catalog 
of PYREX labware. The latest edition is 
now out and you are welcome to a copy, 
if you have occasion to order such ware. 

RESEARCH IN G LAS S 

CORNING GLASS WORKS, 4901 Crystal St., Corning, N. Y. 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Please send information on: 
o Fused silica 0 FOTOFORM o O-ring vacuum joint 

Name ............................................................................ Title ... _ .......................................... . 

Company ............................................................................................................................. . 

StreeL ................................................................................................................................ _. 

C·t z s I 
I I y ........................................................................ one ............ tate................................ I 
L __ _____ _ _ _ ______ _ _______ ________ __ _ � 
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IMAGINATION ON THE PROWL 

System leadership co 

management. That a 

Career opportu n ities i 

�\nqt· \�'O IOn, practical know-how, and firm 
is the Bendix Systems Division. 

missile system, Advent satellite 

communications, space projects, and airborne infrared systems. 

BENDIX SYSTEMS DIVISION 
ANN ARBOR, MICHIGAN 

T�nc(!/ 
CORPORATION 
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How to give him 
4 years of college 
for the price of 3 

30 

If your money and your young

ster grew up together, it would 

certainly help meet college 

costs, wouldn't it? That's ex

actly how it works when you 

save for his education with 

U. S. Savings Bonds. For ex

ample, if you start putting 

$6.25 a week into U. S. Savings 

Bonds when he's 2 or 3, you'll 

have put in $4900 by the time 

he reaches college age. Then 

cash the Bonds as you need 

them, and you'll get back about 

$6900 -enough for a fair share 

of 4 years at State. 

Give him his chance at America's opportunities. He needs a 
peaceful world to grow in. Every U. S. Savings Bond you buy helps 
assure peace by keeping our country strong. 

Daydreams won't pay for books. Many 
people want college educations for their 
children but can't shoulder the burden. Start
ing a U. S. Savings Bond program now makes 
sure the money will be ready for the college 
education your youngster deserves. 

WHY U. S. SAVINGS BONDS 
ARE SUCH A GOOD WAY TO SAVE 

You can save automatically on the 

Payroll Savings Plan, or buy Bonds 

at any bank • You now earn 3 %: % 
to maturity, 72% more than ever 

before • You invest without risk 

under a U. S. Government guarantee 

• Your Bonds are replaced free if 
lost or stolen • You can get your 

money with interest anytime you 

want it You save more than 

money -you buy shares in a stronger 

America 

U.s. Savings Bonds 
are theft-proof! 
Fire·proof a n d 
loss·proof, too. 
Sin c e  1941 th e 
Treasury Depart
ment has r eplaced 
1,300,000 Bonds at 
no cost to the 
owners. 

You save more than money 
with U.S. Savings Bonds 

" .... *** ... 

"·2Oth"' ..... 
iANNIVERSARY 1 

19",41) 
1961 

** .. " .,.,.* 
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To help 
men make 

decisions 
The need for systems to and exert 
help men make decisions 

and exert contr�l over
.
vast net- control works of rapId actIOns has 

created a fast-moving information technology. 

Accepting responsibility for instructing great com

puters, exploring system roles of men and machines, 

advancing system research - these are some of 

System Development Corporation's public interest 

functions in this new technology. • SDC's contribu

tions to Sage and SAC control systems have equipped 

us for work in world-wide communications, educa

tion and medicine, traffic and logistics - for those 

information systems that will shape our culture. 

• Participation in those fields has produced an inter

disciplinary science based in four principal skills: 

Programming, Engineering, Operations Research and 

Human Factors. Senior professionals representing 

these four persuasions are invited to explore partici

pation in our rapidly expanding programs. 

System Development Corporation, Santa 

Monica, California, Paramus, New Jersey. 
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... WHERE CAPABILITY HAS MANY FACES 

Expanding the frontiers of knowledge through basic research is the 

business of the Boeing Scientific Research Laboratories, left. Here 

Boeing scientists are at work in the fields of solid state physics, flight 

sciences, advanced mathematics, plasma physics and geo-astrophysics. 

SP ACE GLIDER. Artist's concept shows Dyna Soar 
manned space glider perched atop modified Titan ICBM 
for launching. In space, the glider and booster would 
separate, leaving Dyna Soar vehicle in piloted, near-or
bital flight. Pilot could later glide to conventional landing 
at a selected base. Dyna Soar is being developed by the 
U. S. Air Force in cooperation with NASA, with Boeing 
as prime contractor for both the system and the glider. 

FUTURE SKYLINER. Boeing, builder of famous 707, 
America's first jet airliner, has long been at work on 
next generation of aerial transports, which could look 
like the Boeing design pictured above. Supersonic jet
liners, probably a decade away, could have speed in 
neighborhood of 2,000 miles an hour. Flight time, from 
Paris to New York, would be about two and a half hours! 

SHOCK TUBE. Industry's most powerful shock tube, 
designed and built by Boeing Scientific Research Labo
ratories scientists, creates shock waves which begin 
at 300 times speed of sound, then collide in tube at 
"slowed" rate of 80 times speed of sound. Gas tempera
ture within the tube reaches approximately one million 
degrees. Studies could be important in developing effec
tive ion and plasma-propulsion systems for use in space. 

BOEING 
JET AIRCHAFT, MlSSILES. HELICOPTEHS. GAS - TURBINE ENGINES. WEAPON - SYSTEM MANAGEMENT. SPACE - FLIGHT YEHICLES AND SYSTEMS. 
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NEW 
HIGH·RELIABILITY 

READOUT 
DEVICES 

NOW 
AVAILABLE 

SYLVANIA TYPE AN-150 • • .  
1'12" ALPHA-NUMERIC ... is 
diagramed above in actual 
s i ze to show the 14 seg
ments that produce the 
complete English alphabet, 
0-t0-9 numerics, and selected 
mathematical symbols. SYLVANIA TYPE NU-150 . • .  

1'12" NUMERIC • • •  is dia
gramed above in actual size 
to show the 9 segments that 
produce a display of 0-to-9 
numerics. 

'. _  .

. 

IC��·; .. ��-(j,: 
If you are designing • . .  Digital 
Voltmeters, Cash Registe rs,-caTi 
B o a rds . .. In v e s t i g a t e  n e w  
SYLVANIA EL "READOUTS"! 

Sylvania Electroluminescent Panels provide 
new techniques for display of 
numeric and alpha-numeric information 
Sylvania EL Readout Devices are composed of segments of electroluminescent 
lamps, insulated from each other and separately terminated. By selective excitation 

of the segments, symbols are produced for visual display. 

The basic design and structural simplicity of Sylvania EL Display Devices offer 

the important benefits of minimal catastrophic failure, exceptional reliability, long 

life, simplified circuitry, negligible power requirements, compactness, flat construc
tion for wide-angle viewing, high readability despite ambient light conditions, and 

plug-in design for instant interchangeability. 

Want more details? Send today for the descriptive brochure "Sylvania Electro
luminescent Display Devices." Write Electronic Tubes Division, Sylvania Electric 

Products Inc., Dept. EL, 1100 Main Street, Buffalo 9, N. Y. Want to discuss your 
specific requirements for readout devices? Contact your nearest Sylvania Sales 
Engineering office. 

If you are designing . . •  Systems 
Displays, Tote Boa rds, Arriva T1lCi3rdS 
. • .  investIgate new SYLVANIA EL 
"READOUTS"! 

If you are designing ... Dispatch Boards 
for POlice, Fire, Utilities, Commercial 
Carners ... investIgate new SYLVANIA 
EL "READOUTS"! 

Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
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Oil.well drilling .operations offer many new and unusual uses {or 
calcium chloride {rom Allied's Solvay Process Division. 

News from Allied Chemical: 

Uncommon uses for a common compound ... Calcium Chloride 

Paradoxical stuff, calcium chloride: 
Sort of like the man who warms his 
hands and cools his soup with the same 
breath. It's a dandy ice melter-far bet. 
ter than salt; yet as refrigerating brine 
it's the ideal ice maker. It will keep 
your basement nice and dry; yet it's 
used to keep unpaved roads moist to 
hold down dust. 

Despite (or perhaps because of) 
calcium chloride's well·l>nown ·uses as 
highway dust· layer and sidewalk de. 
icer, few people recognize its potential 
as an industrial chemical. But first, a 
few of its new uses, some of which may 
spark an idea for its application i.n 
your field of interest. 

Oil driller's friend. There are at 
least seven important uses for calcium 
chloride in drilling an oil well. Those 
who bore for black gold can use it as: 
(1) An ingredient in a drilling mud to 
prevent clay hydration. (2) A "work· 
over" fluid when reworking a well. 
(3) A "completion" fluid before 

cementing a welL (4) A carrier for 
gravel packing. (5) A cement curing 
accelerator. (6) An additive in acidiz· 
ing solution. (7) A bit lubricant along 
with potassium stearate. Oil men, who 
know what these terms mean, also know 
how a few tons of calcium chloride can 
save them time and money. 

Papermaker's pal. Kraft paper· 
makers are putting calcium chloride 
to an ingenious new use. When paper 
is made, it goes through a stage where 

it is neither solid nor fluid. It's a mushy 
slush, called a "web." It's fragile
ready to break and stop production. 
Now, papermakers add a small per· 
centage of calcium chloride to the web. 
This makes it stronger, easier to han· 
die-and expedites production. 

Industrial chemical-new role for 
CaCI2• We are always surprised to find 
that so many people fail to see calcium 
chloride as a processing chemicaL Y et 
it is being used today in the manufac· 
ture of many products like calcium 

arsenate, nemesis of the boll weevil. 
And in the manufacture of such di. 
verse products as portland cement, 
metallic sodium, petroleum, synthetic 
detergents, herbicides, and in rubber 
reclaiming, too. In addition to its 
familiar properties, CaCl2 is low in 
turbidity, boron, strontium and other 
metal impurities. 

Moral of this message: If you think 
a low·cost, hygroscopic, exothermic 
compound, in flake or liquid form, 
might help your product or process, 
our Solvay Process Division has the 
answer in SOLVAY® calcium chloride. 
We also have technical literature to 
enlighten you more fully on the points 
so briefly touched on here. 

For information, just write to Allied 
Chemical Corporation, Dept. n·T, 61 
Broadway, New 
York 6, N. Y ., or 
phone HAnover 
2· 7300,  stating 
field of interest. 

Basic to America's Progress 
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how to 
pull 
the 
wool 
The sheep wouldn't do it - so 8arneby

Cheney pulled it off. Carbon wool-an ele

mental carbon fiber which adsorbs odors. 

Its great strength, high temperature re

sistance, chemical inertness and pliability 

make it a natural for air filtering, insula

tion and adsorptive cloth. Available in 

many fiber sizes. Stop in for a fitting. 

save 
the day 
Evil days befall when contaminated air 

robs your employees of efficiency or your 

neighbors of neighborliness. This has a 

way of turning balance sheet ink from 

black to red. Whether you save your air 

and dump the contaminant - or dump 

your air and save the contaminant, an 

activated charcoal system will save the 

day. It's doing it now in many plants. 

how to 
sweeten 
a furnace 
Your furnace shows a shocking lack of dis

crimination. It heats anything you give it 

through the return air ducts. Many smart 

furnace and air conditioner users slip an 

inexpensive activated charcoal filter into 

the system behind the dust filter. It ad

sorbs all odors as sweet as you please. 

activated 
charcoal 
Activated charcoal acts as a molecular 

sponge, purifies air, gases, liquids - re

covers solvents - removes odors and im· 

purities. Write for Bulletin T·362. Barneby

Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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THE AUTHORS 

JOHN V. BECKER ("Re-entry from 
Space"), chief of the Aero-Physics Di
vision at the Langley Research Center of 
the National Aeronautics and Space Ad
ministration, has been associated with 
NASA (and its predecessor, the National 
Advisory Committee on Aeronautics) for 
the past 25 years. A graduate of New 
York University, where he acquired his 
M.S. in 1936, Becker has specialized in 
high-speed aerodynamics research. He 
was a member of the group that in 1945 
developed the Rrst successful hypersonic 
wind tunnel. In 1954 he headed the 
group of researchers at Langley who 
proposed the construction of a manned 
hypersonic airplane capable of leaving 
the atmosphere for brief periods of 
weightless flight. The proposal later be
came the speciRcation for the X-15 re
search project. For the past three years 
much of Becker's time has been devoted 
to the joint Air Force-NASA Dyna-Soar 
project. 

SIR MACFARLANE BURNET 
("The Mechanism of Immunity") is di
rector of the Walter & Eliza Hall Insti
tute of Medical Research at The Royal 
Melbourne Hospital in Australia. He re
ceived his M.D. degree from the Uni
versity of Melbourne in 1923 and later 
took a Ph.D. at the University of Lon
don. A Fellow and Royal Medalist of the 
Royal Society, Burnet has long been 
recognized as a leading authority on 
viruses and virus diseases, a ReId in 
which he has made a number of funda
mental contributions. More than a dec
ade ago he became interested in the 
processes by which an organism protects 
itself against the intrusion of foreign pro
teins and other substances. For the 
theory of the immunological mechanism 
that he proposed in 1949, Burnet shared 
(with P. B. Medawar of University Col
lege London) the 1960 Nobel prize in 
medicine and physiology. 

ROMAN GHIRSHMAN ("The Zig
gurat of Tchoga-Zanbil") is a member of 
the French Archeological Mission to 
Iran that has been excavating the zig
gurat since the end of World War II: 
Ghirshman is presently engaged in ar
cheological research on Kharg Island in 
the Persian Gulf. 

CHARLES H. GREENE ("Glass") 
is professor of glass technology and chair-

man of the Glass Technology Depart
ment at the State University of New 
York College of Ceramics at Alfred Uni
versity. Born in Troy, Pa., in 1904, he re
ceived a B.A. from Haverford College in 
1926. He went on to do graduate work 
at Harvard University, where he ac
quired his M.A. in 1927 and his Ph.D. 
in physical chemistry in 1931. During 
his last year of study he also worked for 
the Corning Glass Works in Corning, 
N.Y., as a research chemist. From 1931 
to 1937 he was an instructor in analytical 
chemistry at Harvard and did research 
on the atomic weights of lithium and 
sodium and on the isotopic abundances 
of hydrogen and oxygen. For the next 
three years he again worked for Corning 
as a research chemist. From 1940 to 
1953 he was a glass technologist and 
manager of melting development for the 
same company, doing research on a wide 
variety of glass problems, particularly 
the strength of glass and the behavior of 
bubbles in glass. He took up his present 
position at Alfred University in 1953. 

O. C. WILSON ("A New Scale of 
Stellar Distances"), a staff member of 
the Mount Wilson and Palomar Observa
tories, is an astronomer who accounts for 
his interest in the ReId by "an accident 
that occurred to someone I never met." 
After enrolling in a general science 
course in high school, he writes, "it de
veloped that the regular teacher had 
broken his leg. He was replaced by a 
young and innocent substitute who 
spoke knowingly of various astronomical 
matters in such a manner that I was led 
to wonder if she really knew what she 
was talking about. In order to settle this 
point, I began reading books on the sub
ject . . .  and have been completely sold 
on it ever since. Unfortunately, the time 
interval is too great for me to remember 
now whether the substitute teacher was 
vindicated." Wilson acquired his B.A. 
at the University of California in 1929 
and his Ph.D. in astrophysics at the Cali
fornia Institute of Technology in 1934. 
He joined the Mount Wilson Observa
tory as a computer in 1931 and has been 
there since that time (except for four 
years during World War II, when he did 
research on rockets and aircraft torpe
does at Cal Tech). At present all of 
vVilson's research involves some form of 
astronomical spectroscopy; in particular 
the study of the H and K spectral lines 
discussed in his article. 

B. J. MASON ("The Growth of Snow 
Crystals") is Warren Research Fellow of 
the Royal Society of London and head 
of the cloud physics laboratory at the 
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Varian's new VA·849 amplifier 

klystrons. are rated to 

deliver higher CW power at 

X-band than any existing 

tube in the world ... 20kW! 

Varian's new VA·849 power 
klystron opens up a variety of 
new design approaches 
to space systems. Possible 
applications exist in 
communication concepts such 
as repeater satellites, moon· 
bounce signalling, or in 
reflections from clouds of 
tiny orbiting needles. Radio 
astronomers, too, will 
welcome the VA·849. 

Immediate applications include 
CW radar and illuminator 
service. Low incidental noise. 
Water cooling. Electromagnet 
focusing. Another significant 
advance in microwave 
components from Varian's 
broad experience and research 
in super·power tubes. 

FEATURES 

• 7.125 to 8.5 kMc 
·20 kWCW 
• 50 db Gain. 
• 30 Mc Minimum Bandwidth 
• Tunable 60 Mc. 

VARIAN associates 

PALO ALTO 7, CALIFORNIA 

BOMAC LABORATORIES, INC. 

VARIAN ASSOCIATES OF CANADA, LTD. 

S-F-D LABORATORIES, INC. 

SEMICON ASSOCIATES, INC. 

SEMICON OF CALIFORNIA, INC. 

VARIAN A.G. (SWITZERLAND) 
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MANUFACTURING IS PART OF THE RELIABILITY PATTERN AT ELECTRO-TEC 

Skilled hands, close attention to manufacturing techniques, quality 

control and a deep pride in a product well made ... all are intrinsic 

to the reliability pattern at Electro-Tec. In the many stages be

tween design and finished product, these factors are so balanced 

that desired component reliability becomes a reality every time. 

This mix of fine craftsmanship and unexcelled manufacturing 

capability is one of our most valued assets. ELECTRO-TEC CORP. 

South Hackensack, N. J. - Blacksburg, Va. - Ormond Beach, Fla. 
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Imperial College of Science and Tech
nology in London. His research work has 
centered for the most part on cloud and 
rain formation, thunderstorm electricity, 
aerosol physics and the physical proper
ties of water and ice. Mason is the author 
of The Physics of Clouds, which was 
published in 1957 by the Oxford Uni
versity Press. 

T. H. BENZINGER ("The Human 
Thermostat") is head of the Calorimetry 
Branch and the Bio-Energetics Division 
of the Naval Medical Research Institute 
in Bethesda, Md. He was born in Ger
many in 1905, and studied at the uni
versities of Tiibingen and Munich and at 
the Stuttgart Institute of Technology. 
From 1927 to 1933 he studied medicine 
at Tiibingen and the universities of 
Berlin and Freiburg, receiving his M.D. 
degree from the latter institution. Dur
ing World War II Benzinger was head of 
both the Medical Division of the German 
Air Force Testing Center and the Medi
cal Branch of the Research Division in 
the Air Ministry. After two years at 
the U. S. Air Force Aero-Medical Center 
in Heidelberg, he went to the Naval 
Medical Research Institute in 1947. 

N. J. BERRILL ("Salpa") is Strath
cona Professor of Zoology at McGill Uni
versity in Montreal, where he has taught 
since 1927. He was educated in England 
and is a graduate of the universities of 
Bristol and London and a Fellow of the 
Royal Society. Having spent his school 
and college vacations along the coasts of 
Cornwall and Devonshire, Ben'ill feels 
that his interest in Salpa and other ma
rine organisms reflects a desire to be 
near the sea "rather than a special con
cern with marine biology as a science." 
The seaside vacations he takes now are 
"busman's holidays" at his house at 
Boothbay Harbor, Me. Ben-ill is the au
thor of several books for the general 
reader; his "magnum opus," Growth, 
Development and Pattern, will be pub
lished this spring. 

O. G. SUTTON, who in this issue 
reviews Lewis F. Richardson's Arms 
and Insecurity and Statistics of Deadly 
Quarrels, is head of the British official 
weather selvice. A mathematical physi
cist by training, Sutton haS' ·done re
search in meteorology, rocket develop
ment, tank armaments and radar. From 
1947 to 1953 he was Bashforth Professor 
of Mathematical Physics and Dean of 
the Royal Military College of Science. 
He is a Fellow of the Royal Society and 
has written books on micrometeorology, 
aerodynamics and applied mathematics. 
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SPRINGBOARD 
FOR SPACE: LUNA 
The moon is a ready-made space station for inter
planetary exploration; space vehicles could be built, 
fueled, and launched there; lunar elements could be 
used to give man independence from earth. To help 
make this concept a reality, NAA's Missile Division 
has integrated the ideas of scientists in many fields 
and is studying how to reach the moon ... how to 
live in its alien climate ... how to process lunar mat
ter. One example; a study of processes to obtain 
water from materials likely to be found on the moon. 

THE MISSILE DIVISION OF. 
NORTH AMERICAN AVIATION, INC. 

Downey, California 
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Photo by Frank Cowan 

How does your child's school compare, 

with the best in the country? 

Free booklet helps you Illeasure it ... tells how to Illake it better 

If your child's school is first-rate, it can help him 

toward a good job or college-more important, 

toward a more worth-while, more satisfying life. 

If it's not, he'll always have to settle for less. 

Find out what makes a school really good and 

how you can help make yours better. Read the free 

booklet, "Yardsticks for Public Schools," just pre

pared by the National Citizens Council for Better 

Schools. It's a check list that can help measure the 

quality of education offered in your child's school. 

It covers such important topics as the goals of 

your school ... the courses all students should take 

40 

. . . the program for exceptional students . . . the 

kind of teaching staff that's best ... working with 

your school board ... your school budget . . . and 

many more. It's a booklet that should be in the 

hands of every person who knows the need for 

better schools. 

For your free copy - and free 

guidance on school problems 

- write: Better Schools, 9 East 

40th Street, New York 16, 

New York. 

© 1960 SCIENTIFIC AMERICAN, INC



Bearings of TEFLON used in Whitin roving and spinning frames. 

THE INSIDE STORY-: rolls that- run with "unoiled precision" 

In textile spinning machinery, rolls like the one shown 
above run in contact with driving roll5..- to hold yarn 
in a draw and twist operation. A runout of more than 
.003" shows up in uneven and patterned yarn. As a 

further complication, lubricated bearings cause trouble 
- the atmosphere is humid, full of lint, and there is 
constant danger of oil contaminating the yarn. The 
answer: bearings made with Du Pont TEFLON® TFE
fluorocarbon resins, which have a lower coefficient of 
friction than any other solid material. Over 3,000,000 
of these non-lubricated bearings are now in use, run
ning with required tolerances 24 hours a day, six 
days a week. 

In a variety of difficult bearing applications the 
remarkable properties of TEFLON resins have been put 
to good use. In addition to low friction, TEFLON TFE 

resins offer virtually complete chemical inertness, and 
they are rated for continuous use from -4500 to 
500°F. Filled compositions and reinforced construc
tions are available to meet the requirements of in
creased loads and velocities or high wear resistance. 
The recent introduction of the new melt-processible 
FEP resin further extends the usefulness of TEFLON 
resins in mechanical and electrical applications. To 
find out more about the many opportunities for im
proved design with the family of TEFLON TFE and 
FEP resins, write to: E. 1. du Pont de Nemours & 
Co. (Inc.), Polychemicals Department S-l, Room 
2526T, Nemours Building, Wilmington 98, Delaware. 
In Canada: Du Pont of Canada Limited, P. O. Box 
660, Montreal, Quebec. 

TEFLON ;s Du Pont's registered trademark for its family of 
fluorocarbon resins, including TFE (tetrafluoroethylene) 

resins and FEP (fluorinated ethylene propylene) resin. 

BETTER THINGS fOR BETTER LIVING . • •  THROUGH CHEMISTRY 
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IRCRlllD 
CORPORRTION SEMICONDUCTOR 
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ON THE 
BUTTON 

Meeting extreme accuracy 

weight limits, the device 

missile equipments are 

your service to help y 

in volving miniatu rize 

mechanical component 

8. SPUR GEAR DIFFERENTIAL 

b. GEARMOTOR 

c. PRECISION GEAR HEAD 

d. REPEAT CYCLE TIMER 

or airborne and 

staff is at 
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The Philco 2000 is not just a single computer but is an 

extremely flexible system of interchangeable functional 

units. These are completely compatible and can be assem

bled into any combination to meet your present require

ments. And, your system can be updated or expanded at 

any time, without reprogramming, simply by adding or 

replacing these units. For instance, you can replace the 

arithmetic and control unit or the magnetic core memory 

with faster ones as your requirements change. Only Philco 

provides such great flexibility. Write today for de

tailed information. 

P HI LCO CORPORATION · GOVERNMENT AND INDUSTRIAL GROUP 

COMPUTER DIVISION • 3900 WELSH ROAD • WILLOW GROVE, PA. 

PHILCO 2ooo-the computers that changed the industry 
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MAKE-BELIEVE FLIGHT-Much of the feeling of flight in 
a space vehicle is experien ced during a ride in this 
reaction-control simulator, being put through its paces 

at Boeing Airplane Co., Seattle, Wash. The simulator 
rides atop the nickel alloy steel ball plated with 
Nickel in Boeing's ball-and-socket type air bearing. 

Space simulator gives the "feel" of flight 

Nickel-plated ball of high strength steel 

supports reaction-control test vehicle 

T h i s  e a r t h b o u n d  s p a c e  machine i s  
designed t o  test ways o f  controlling a 
vehicle as it pitches, rolls and yaws in 
the airless reaches of outer space. 

In action, the simulator and its pay
load of test equipment can weigh as 
much as 5,000 pounds. Yet the neces
sary sensitivity is achieved by floating 
the unit on an air-cushion bearing made 
of a high strength nickel alloy steel ball 
in its socket. 

to 200,000 pounds per square inch, 
stands up to the load. To provide a hard, 
smooth surface, the ball is plated with 
one-thousandth of an inch of Nickel. 
This uniform surface keeps air leakage 
in the bearing to a minimum. 

Remarkably durable, Nickel and its 
alloys offer practical solutions to prob
lems of stress, fatigue, abrasion, corro
sion or temperature extremes. Used in 

alloys, in plated coatings or by itself, 
Nickel helps make possible many new 
products and processes-and can help 
improve existing ones-by providing 
unique combinations of properties. 

Can we help you solve a difficult prob
lem in materials? Perhaps you or your 
engineers can profit from the technical 
data we have on hand. This information 
is yours for the asking. 

THE INTERNATIONAL NICKEL COMPANY, INC. 

67 Wall Street �> New York 5, N. Y. 

Imagine this 2Y2-ton load resting on a 
ball about the size of a grapefruit! The 
ball, made of nickel alloy steel heat 
treated to a tensile strength of 180,000 

INca NICKEL 
NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Are there 

unknown millimeter windows 

in the atmosphere? Today, most millimeter and sub-millimeter 

electromagnetic waves get through the atmosphere with ease, yet those shorter wavelengths which have 

been measured are attenuated to the point of uselessness. -• - Yesterday, the same problem existed 

with infrared. It, too, faced an attenuation barrier until science discovered 

"windows" in the atmosphere through which IR waves could travel. If it is true 

for IR, why not for millimeter waves? Or, if the atmosphere remains a barrier, 

what about the sea? Today, we think it attenuates all but sonar waves. Yet there 

could be millimeter windows in the sea which do not exist in the air. -• -These 

are the kinds of problems we explore at Loral where specific research delves into 

such areas as cryogenics, molecular electronics, and parametric amplifiers, in order to produce the 

operational equipments of tomorrow. If you enjoy this type of exploration ... if you would rather not 

think in terms which are delimiting, but in terms of the limitless ... and if you are a senior scientist or 

engineer, write LORAL Electronics Corporation, New York 72, New York. 

Expertness in Systems Management 

through Experience in Systems 

R&D for /\nti-Submarine Warfare. 

PassilYe Surveillance, Electronic 

Countermeasures, Penetration Aids, 

Navigation, Reconnaissance, Early 

Warning. and related areas of defense. 

Regional Engineering Offices: Boston, Massachusetts; Dayton, Ohio; Tustin, California; Washington, D. C. 

Yerkes Observatory photograph 
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Sir Archibald Geil�ie ... on geological evolution 

"What art effects upon the marble block. nature accom
plishes upon the surface of the land. Her tools are many 
and varied _ air. frost. rain. springs. torrents. rivers. ava
lanches. glaciers. and the sea - each producing its own 
characteristic traces in the sculpture. With these imple
ments. out of the huge bulk of the land she cuts the 
valleys and ravines. scoops the lake-basins. hews with 
bold hand the colossal outlines of the mountains. carves 
out peak and crag. crest and cliff. chisels the courses of 

the torrents. splinters the sides of the precipices. spreads 
out the alluvium of the rivers. and piles up the moraines 
of the glaciers. Patiently and unceasingly has this great 
earth-sculptor sat at her task since the land first rose 
above the sea. washing down into the ocean the debris 
of her labour. to form the materials for the framework of 
future countries; and there will she remain at work so 
long as mountains stand. and rain falls. and rivers Row." 

-Geological SketcTws at Home and Ahroad. 1882 

THE RAND CORPORATION, SAN TA MONICA, CALIFORNIA 

48 

A nonprofit organization conducting multidisciplinary research in the physical and social sciences and engineering on problems related 
to national security and the public interest. RAND social scientists draw on political science. sociology. psychology. history. and other 
social sciences for insight into the political uses of military capabilities in peacetime and the political and social contexts of weapon 

employment in wartime. They apply special area and language knowledge to many of these problems. 
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Re-entry from Space 

Before it lands, a vehicle returning frOln space must convert 

its enorn10US 

vehicle frOln 

energy into 

this heat 

heat. The problem of protecting the 

can be solved In a variety of ways 

The return trip from the moon or 
from another planet will be es
sentially a long fall toward the 

earth. Near the end of the fall the space 
craft will have accelerated to an enor
mous speed: 25,000 miles per hour or 
more. How to slow it down and bring 
ship and passengers safely through the 
atmosphere to the ground is one of the 
most challenging and difficult problems 
of space flight. 

An obvious approach would be the 
use of reverse-thrust rockets to slow 

by John Y. Becker 

down the vehicle in space, before it en
countered the atmosphere-a reversal of 
the launching process. But this brute
force technique requires rockets many 
times heavier than the vehicle proper. 
Payloads consisting largely of braking
rocket fuel offer an unattractive pros
pect, even if we had boosters capable 
of launching them. The alternative is 
to let the-air itself provide the decelerat
ing force. 

Considering that returning space vehi
cles will be entering the air almost as fast 

as meteors do, the feasibility of atmos
pheric deceleration is by no means obvi
ous at first glance. Meteors are slowed by 
the atmosphere, but at rates far beyond 
the tolerance of any human occupant 
of a space vehicle. In fact, nearly all 
meteors completely melt and vaporize 
in the intense heat produced by com
pression and friction. When serious 
study of re-entry began some dozen 
years ago, no one knew whether atmos
pheric deceleration could provide a 
workable answer at all. Today there 

STRENGTH OF SHOCK WAVE (black curves) determines the 

heat and drag applied directly to vehicle by air friction. Slender 

shape creates weak shock wave and therefore a heavy ft-ictionallay
er (white area). Blunt shape has strong shock and little friction. 
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CONDITlONS IN SHOCK LA YER (colored area) created by re·entering Mercury capsule 
are summarized in table. Boundary layer is shown in lighter color. In list of constitueuts 
N stands for nitrogen atoms; 0, for oxygen atoms; A, for argon atoms; e, for free elec
trOllS_ Principal means of heat It'ansport to surface is by convection from hot shock layer. 
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is no doubt that it can, but tlle tech
nological difficulties are formidable. 

The Brst manned craft to re-enter the 
atmosphere from space will come not 
from the moon or more distant points, 
but from satellite orbits a few hundred 
miles above the surface of the earth . 
Since they will be starting down at a 
speed of about 17,500 miles per hour, 
the problem of deceleration will be 
somewhat less severe. To get some idea 
of what is involved, consider the course 
that has been calculated for the vehi
cle tb be used in Project Mercury-the 
operation of putting the Brst U. S. travel
er into space and bringing him back 
again. To start the descent from orbit, 
a small retarding rocket will be Bred, 
reducing the speed by only 1 or 2 per 
cent, but enough to deflect the path 
slightly downward towartl the atmos
phere. The vehicle will cover a hori
zontal distance of some 3,000 miles while 
dropping to an altitude of 60 miles, 
where it will encounter the Brst signiB
cant atmospheric effects. Now a shock 
wave will form just ahead of the blunt 
nose, heating the air in this region to 
about 11,000 degrees Fahrenheit. As the 
vehicle plunges into denser air, it will 
be increasingly heated by this envelop
ing layer of incandescent air. The sur
face of the heat shield on the nose will 
start to char, some of the material melt
ing and vaporizing, and the metal after
body will glow cherry-red at about 1,600 
degrees. Climactic heating will come 
approximately four minutes after the 
Brst atmospheric forces are encountered. 
About 30 seconds later the decelerat
ing force will reach its maximum of 
nine g (i.e., nine times the force of grav
ity at the surface of the earth). Now 
falling almost vertically, the vehicle will 
descend to a height of two miles, where 
its parachutes will open and lower it 
to an uncomfortable but nevertheless 
tolerable impact. 

I n this sequence, as in every case 
where braking force is provided by 

the atmosphere, all of the vehicle's enor
mous kinetic energy is converted into 
heat. At 17,500 miles per hour, the 
energy of a satellite is equivalent to 
about 13,500 B.T.U. (British thermal 
units) of heat for every pound of the 
vehicle's weight. Since kinetic energy 
depends on the square of velocity, the 
heat equivalent in a re-entry from the 
moon at 25,000 miles per hour is ap
proximately twice as great. In absorb
ing one B.T.U. a pound of steel, for 
example, would heat up by about 10 
degrees F. Thus a heat load of 13,500 
B.T.U. per pound is several times more 
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SHOCK WAVE encloses the bright layer of incandescent air around 

the nose of a model of the Mercury capsule in a high-temperature 
shock tunneL The maximum temperature in the shock layer is 

10,000 degrees Fahrenheit. The pink glow to the left of the shock 

wave is reflected from the tunnel walL The photograph was made by 

J _ J _ Jones of the Langley Research Center at Langley Field, Va_ 
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RE-ENTRY PATHS (black curves) from a near-earth satellite orbit 

vary with characteristics of the vehiele_ All p3ths start at the 

point where a retarding rocket is fired_ Route ending at a is the 

ENTRY CORRIDOR defines vertical limits for approach to at

mo,phere_ Limits are widened by maneuvers to vary lift_ By direct-

"ballistic" path of a vehicle without lift_ Those ending at b 
and c are, respectively, samples of paths that could be followed 

by vehicles with variable and with constant lifting power. 

ing lift temporarily downward, vehicle can land from initial patbs 

that would otherwise result in an overshoot or undershoot. 
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than enough to vaporize the space craft, 
its contents and any cooling system it 
could carry. Obviously a large part of 
the total heat of re-entry must somehow 
be diverted from the vehicle. 

There are substantially only two ways 
to do this. The first is the one that 
applies in the re-entry we have just 
been describing: unloading a major 
part of the heat on the atmosphere by 
the action of strong shock waves. The 
second possibility is to radiate heat away 
from the hot surfaces of the craft. This 
technique fails when the rate of heating 
is too high, as it is in a comparatively 
dense, freely falling vehicle such as the 
Mercury capsule. Other types of manned 
space craft, that will be discussed later, 
will be able to cool themselves largely by 
radiation. 

The diversion of heat by a strong bow 
shock wave is the result of molecular 
interactions in the air around the vehi
cle. When molecules strike the forward 
surface, they bounce back at high speed. 
Many of the rebounding particles collide 
with oncoming molecules, diverting them 
from the surface and preventing them 
from heating it by direct impact. The 
high-pressure, high-temperature buffer 
layer in which this happens is bound
ed on its forward surface by the shock 
wave. The wave extends a considerable 
distance into the atmosphere on either 
side of the body, leaving a broad wake 
of heated air that contains a major frac
tion of the total heat load. The heat 
that does reach the vehicle comes from 
the shock layer, mainly by conduction, 
diffusion and friction. 

The stronger the shock wave, the larg
er the fraction of the total heat load 
that is transferred to the atmosphere, and 
the smaller the frictional component. 
For this reason a re-entry vehicle is giv
en a blunt shape rather than the slender, 
streamlined configuration that has been 
the classic solution to aerodynamic prob
lems at lower speeds. A broad nose area, 
advancing almost perpendicular to the 
direction of travel, produces maximum 
shock strength. In the case of the Mer
cury capsule the shock action diverts 
about 99 per cent of the heat energy, 
and furnishes 98 per cent of the de
celerating force. 

When the problem of re-entry from 
space was first studied seriously in the 
late 1940's, the unprecedentedly high 
gas temperatures that would be reached 
in the shock layer caused much concern. 
The temperatures are high enough to dis
sociate most of the oxygen molecules and 
a substantial fraction of the nitrogen 
molecules into separate atoms, and to 

ionize many of them. The chemical re
actions that would take place among the 
fragments further complicated matters, 
and added to the uncertainty. Moreover, 
it was feared that the incandescen t plas
ma would seriously heat the vehicle by 
direct radiation. In the past decade the 
problem has been thoroughly studied, 
both theoretically and by actual re-entry 
tests of missile nose-cones and models 
of the Mercury vehicle. It has been 
found that, for re-entry from satellite 
orbits, these processes do not affect heat
ing significantly. At the higher speeds 
and higher temperatures of a return 
from the moon, however, radiation from 
the shock layer will constitute a substan
tial portion of the heat load. 

What happens to the heat that does 
reach the vehicle? In a blunt-shaped 

satellite it can be handled simply by 
making the metal skin thick enough to 
absorb the entire amount without ex
ceeding the allowable temperature. But 
metals have low heat capacity, and so a 
considerable weight is required. For a 
lunar vehicle this simple approach will 
not work. 

A far more effective technique is now 
available, which was discovered more or 
less by accident. Attempting to reduce 
the Bow of heat into the metal, de
signers applied insulating layers of fiber 
glass and similar materials. They found 
that the heat-blocking action was much 
greater than expected; so great, in fact, 
that a heat shield constructed entirely of 
fiber glass, properly applied and bOnded, 
turned out to be much lighter than the 
best metal heat-sink. Under intense heat 
the outer layer of this material chars, 
melts and vaporizes-a combination of 
processes collectively known as ablation. 
In itself ablation absorbs a good deal of 
heat, and in addition the vaporized ma
terial tends to block the Bow of heat 
from the hot shock-layer into the body. 
The combined effects result in a heat 
capacity of 5,000 B.T.U. per pound or 
more. With ablation materials the heat 
shield of a ballistic satellite vehicle takes 
up no more than about 15 per cent of its 
total re-entry weight. Practical solutions 
for a lunar return also appear definitely 
within reach through the use of this 
technique. 

The ballistic, blunt-nosed vehicle with 
an ablation heat shield is one of the 
lightest, and certainly the simplest solu
tion of the re-entry problem that can 
be achieved. Nevertheless, we find our
selves less than satisfied with it, especial
ly for manned vehicles. It has several 
undesirable features: a decelerating force 
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ENTRY OF MERCURY capsule is sum· 
marized in these graphs. The time scale on 

the horizontal axes begins when the capsule 

has descended to an altitude of 70 miles, 

shortly before it is exposed to substantial 
atmospheric forces. B.T.U. stands for Brit· 

ish thermal unit, and g for a decelerating 

force equal to gravity at the earth's surface. 
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till ,� ...... 'C�------------------. 

V ARIATION IN LANDING POINT that can be achieved by vehi

cles with lift, starting their maneuvers at a given position in the or
bit, is indicated by gray curves. Numbers refer to the ratio 

of lift to drag (LID). Each curve traces possible landing points 

for constant LID. Varying the ratio allows landings within the 

contours. Black line traces a typical maneuver using an LID of 1.5. 

near the limit of human tolerance; the 
requirement of a very flat entry path; 
a sizable uncertainty in the point of im
pact, perhaps as much as 100 miles; 
and finally all the hazards and discom
forts of a parachute landing. 

In attempting to find better solutions 
it is natural for the designer to turn to 
lift-the source of many desirable proper
ties in low-level flight. Lift is the com
ponent of aerodynamic force that acts 
at right angles to the flight path. It is 
what holds an ordinary airplane up. 
Applied to a vehicle re-entering the 
atmosphere from space, lift can reduce 
the rate of descent, thus lengthening 
the path to the ground and decreas
ing the maximum deceleration and the 
rate of heating. Alternatively, if high 
deceleration is accepted, the use of lift 
allows the vehicle to enter the atmos
phere at a much steeper angle. 

The performance of any lifting body 
depends on its "L over D": the ratio of 
its lift to its drag, or the retarding force 
acting along the flight path. The slender
er the shape, the higher the value attain
able of LID. For a given shape the ratio 
can be altered by changing the "atti
tude," that is, by tilting the body up or 
down with respect to its flight path. 

As the illustration at the top of this 
page shows, vehicles with an LID of no 
more than 2 can be landed anywhere in 
an area extending thousands of miles, 
both forward and laterally, from a given 
entry point. (The pattern has come to be 
known as "Dyna-Soar footprints," after 
Project Dyna-Soar. The name is short for 
"dynamic soaring"; that is, gliding at 
very high speeds, where the centrifugal 
force in the curved path around the earth 
supports a major part of the glider's 
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weight.) By banking the vehicle and 
varying its attitude, it can be brought 
down at any spot within the extremes of 
the range. Such variable-lift maneuvers 
also can reduce the peak deceleration 
below that attainable with a constant 
LID. 

What penalties must be paid for these 
advantages? The first is a greater heat 
load. As we have mentioned, slender, 
low-drag shapes produce weak shock 

LIFT/DRAG RATIO 

RELATIVE WEIGHT 

(FOR EQUAL PAYLOADS) 

WEIGHT/AREA 

(POUNDS PER SQUARE FOOT) 

AL TITU DE FOR 

MAXIMUM HEAT-RATE (MILES) 

MAXIMUM NOSE

TEMPERATURES ( DEGREES F.) 

1 

o 

50 

38 

3,200 

waves and therefore themselves take up 
a large fraction of the heat produced in 
deceleration. At an LID of 2, for ex
ample, a vehicle must accept 10 to 15 
times more heat per pound than the 
Mercury vehicle. The second penalty for 
the use of lift is increased weight. This 
arises in part from the structural require
ments of a long, thin shape and in part 
from the larger quantity of heat involved. 

Even the best ablation materials are 

2 

I 
4' 

1.2 

60 

40 

3,200 

I 
"2 

1.3 

60 

42 

3,200 

MATERIALS 
CERAMIC; 

NICKEL-CHROMIUM 
ALLOY 

CERAMIC; 

COBALT-BASE ALLOY 

POSSIBLE DESIGNS of re-entry vehicles vary from blunt-nosed Mercury type with no 
lift (l) to slender, high-lift shape resembling present hypersonic airplanes (7) _ The greater 
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inadequate to protect against the total 
heat load of a lifting vehicle. Fortunate
ly the rate of heat production can be 
made low enough to allow radiation 
cooling. Instead of a heavy, thick shield, 
a radiation-cooled design has a thin metal 
skin with negligible heat capacity. The 
temperature of the skin adjusts itself 
instantaneously to the rate at which heat 
is applied, keeping the outflow equal 
to the inflow. The only proviso is that 
the temperature in this equilibrium situ
ation must not exceed the capability of 
the metal. 

O nce he has settled on a particular 
shape, the designer can control the 

rate of heat production, and thus the 
maximum skin temperature, by varying 
the area loading, that is, the weight per 
square foot of wing area (or frontal area 
in the case of a ballistic vehicle). De
creasing the loading means that the 
vehicle will begin to decelerate at higher 
altitude, in thinner air. This in turn re
duces the rate of heating due to atmos
pheric friction. 

With conventional rigid metal struc
tures the lowest maximum surface tem
peratures attainable range from about 
2,400 to 3,200 degrees F. These values 
are too high for even the best of the 
usual high-temperature metal alloys, 

4 5 6 

I 1-'-2" 2 

1.3 1.5 1.6 

--'"�.'--

60 60 60 

42 43 44 

--- --

3,200 3,400 3,400 

- ----_/ 

and thus skins made of refractory metals 
such as molybdenum, or of ceramics, are 
required in critical areas such as the 
nose and leading edges of re-entry glid
ers. In order to get down to 1,400 de
grees, where common materials can be 
used, the loading must be reduced to 
three or four pounds per square foot. 
This will require radical innovations in 
design, perhaps incorporating thin metal 
membranes of inflatable metal mesh [see 
last two columns of illustration below J. 
Such structures would be so large and 
fragile, however, that they would have 
to be collapsed for launching, and could 
be erected only in orbit. 

There is thus a wide spectrum of pos
sibilities for satellite re-entry vehicles. 
They range from the ballistic type with 
an LID of zero to gliders with a ratio 
of perhaps 1.5. The latter are capable of 
a conventional low-speed landing at a 

large airport-a "dead-stick" landing from 
space! Beyond 1.5 the increase in maneu
verability is probably not worth the addi
tional weight and heat load. Although 
the high-lift re-entry designs will be 
evolutionary descendants of the grace
ful, sharp-nosed, thin-winged supersonic 
aircraft of today, they will not look much 
like their ancestors. An LID ratio of 
1.5 can be achieved with a short, stubby 
design-much smaller over-all for a giv-

7 

2 o 

en passenger capacity. Its thick, round
ed "wings" will be much better adapted 
to extreme heating conditions than the 
knifelike structures of present airplanes. 

At present we cannot predict with any 
fi confidence what the standard re
entry vehicle of the distant future will 
look like, As to the short-term line of 
development, there are two schools of 
thought. One favors the ballistic vehi
cle (or at most a very low-lift vehicle) 
because of the advantage in weight. 
The crude features of ballistic re-entry 
are considered acceptable to the trained 
explorers who, for years to come, will 
be the only human beings venturing into 
space. The other school considers bal
listic hardships unnecessary, and holds 
that the added weight of lifting vehicles 
is more than compensated by their low 
deceleration and maneuverability. Fur
thermore, the argument goes, more pow
erful rocket boosters, to be expected in 
a few years, will relax the current limita
tions on weight. 

The designers of the Mercury vehicle 
were obviously not concerned with these 
arguments. Limited by the capabilities 
of present rockets, they had no choice 
but to minimize weight; hence they 
adopted a ballistic vehicle. Interesting
ly enough, however, the disk-shaped 

17 2 

30 3 3 

46 50 60 

3,600 1,400 2,000 

CERAMIC; COATED GRAPHITE; COATED MOLYBDENUM; 

NICKEL-CHROMIUM ALLOY 
NICKEL-CHROMIUM ALLOY WIRE MESH 

(ERECTED IN ORBIT) 

the lift, the greater the penalty in weight and in heating, The designs 

numbered 8 and 9 represent a radical approach to heating problem, 
Thin and fragile surface materials reduce ratio of weight to area 
so that deceleration occurs in thinner air and friction is reduced. 
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MULTIPLE PASSES through the atmosphere represent a possible mode of re·entry from 

the moon 01' more distant points. Heat developed on each approach is radiated away on next 
loop. Method involves repeated passage through high.radiation belts (stippled ((reas). 
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EARTH OR VENUS 

POSSIBLE APPROACH PATHS, for a vehicle with lift, to Venus, Mars and Titan (3 moon 
of Saturn) lie within white areas. The scale is approximately one inch to 4,000 miles. 
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fore body of the Mercury capsule can 
itself be made to generate lift. Simply 
by tilting the capsule forward an LID 
of one-fourth is obtained. And if the 
afterbody is shortened so as to keep 
it out of the direct airstream at high 
angles of tilt, an LID of one half or 
more can be attained. Lens-shaped ob
jects of this kind, quite similar to the 
legendary "flying saucer," are being con
sidered for round-trip lunar journeys. 

It has already been pointed out that 
the conditions for re-entry from the 
moon are more rigorous than for satel
lite orbits. Consequently the choice of 
techniques is more limited. Let us con
sider first the "simple" case of a bal
listic re-entry. Approaching at a speed 
of 25,000 miles per hour, the vehicle 
should ideally enter along a path in
clined downward about five degrees to 
the horizontal at the "top" of the atmos
phere. Because it is traveling faster than 
the Mercury vehicle, and along a steeper 
path, its deceleration will reach a sizable 
value sooner. Although a large decelera
ting force persists for a longer time 
(about three minutes), the peak value 
is lower (only six times the force of grav
ity). The total interval between entry 
and landing is less than for a satellite. 

So much for the ideal path. But sup
pose the approach path of our craft fails 
to intersect the atmosphere at exactly the 
right point. If it comes in as little as four 
miles too high, it will fail to slow down 
enough and will pass out into space 
again. If it is four miles too low, the 
deceleration will exceed the tolerance of 
the passengers, if not of the space craft. 
Thus at the end of the 250,000-mile trip 
from the moon, the ballistic vehicle must 
hit an atmospheric target or corridor only 
eight miles high. This requires a launch
ing accuracy from the moon many times 
better than the best that can now be 
achieved with ballistic missiles. 

Parenthetically it may be noted that 
until recently an overshoot path was con
sidered a good way to come back from 
the moon or more distant points. Each 
pass through the atmosphere would slow 
down the vehicle a little, so that it would 
return again and again in a series of suc
cessively shorter ellipses [see top illus
tration at leftl . In this way the heat prob
lem would be solved piecemeal, heat 
taken aboard on each approach being 
radiated away during the next outward 
journey. The scheme lost its attractive
ness for manned flight with the discov
ery of the Van Allen belts, and the real
ization that repeated crossings of these 
zones would result in exposure to heavy 
radiation. 
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To widen the entry corridor appreci
ably we must have recourse to lift [see 
bottom illustration on page 52]. In ex
tending the upper limit by the greatest 
possible amount, the lifting force is re
versed: The vehicle approaches the 
atmosphere upside down, so that it is 
pulled downward. As its speed decreases 
the downward force is decreased, until 
finally, at about 17,000 miles per hour, 
the vehicle rolls over into the normal 
position. On the underside of the corri
dor the approach is made with maximum 
upward lift, which is reduced when the 
maximum allowable deceleration has 
been reached. At this point the vehicle 
is headed upward again, and it will skip 
out into space unless it rolls over to di
rect the lift downward. After slowing 
down to satellite velocity, the vehicle 
flips over again and enters its final glide 
right side up. By means of such sophisti
cated maneuvers the entry corridor can 
be widened to about 130 miles, with a 
maximum L/D of 1.5. 

I anding on other planets of the solar 
� system presents an analogous prob

lem to a return to earth from deep space. 
The en try characteristics are differen t 
for each of the bodies, however, because 
of the wide variations in their diameter 
and gravitational force, which detei"mine 
the entry velocity, and because of the 
great dissimilarity of their atmospheres. 
Enough is now known about the atmos
pheres of Venus, Mars and Jupiter [see 
table on this page] to allow some predic
tions on their entry problems. 

Aside from our moon, the nearest and 
most important objectives for manned 
exploration are Venus and Mars. Look
ing first at Venus, with its atmosphere 
of carbon dioxide and nitrogen, we are 
impressed with the close similarity of 
the escape velocity and other factors af
fecting entry to those of the earth. (For 
purposes of comparison we assume that 
entry will be made at the escape veloc
ity.) A major difference, however, is the 
dense layer of cloud that perpetually 
covers the surface. It will not be possible 
to select a favorable landing site before
hand, and the payload will have to in
clude instruments and equipment for a 
blind landing. Fortunately the high den
sity of the Venusian atmosphere will re
duce the actual landing speed to a fourth 
of that for the earth. 

Mars is generally considered the most 
attractive and hopeful planet for initial 
manned exploration. Its atmosphere is 
by far the easiest of any planet to enter 
because the small mass of the planet re
sults in the low escape velocity of only 

11,400 miles per hour. In addition, the 
density of the atmosphere increases 
slowly with decreasing altitude, provid
ing a softer cushion that stretches out 
the period of deceleration and reduces 
the peak deceleration. At the surface, 
however, the atmosphere is only about 
one-twelfth as dense as that of the earth; 
therefore the landing speed would be 
about twice as high as on earth. The 
atmosphere is mostly clear, so that the 
terrain can be reconnoitered and the 
landing made visually. From the heating 
standpoint a Martian entry at escape 
speed will be less difficult than a low
orbit satellite entry into the earth's at
mosphere. An extremely wide corridor 
is achievable-about eight times wider 
than the corridors of the earth or Venus. 

The giant planet Jupiter presents so 
many forbidding obstacles to explora
tion, and so little potential reward, that 
any attempt to send a manned vehicle 
there seems quite unlikely. Jupiter's sur
face is thought to be entirely covered 
with chemical ices, and its stormy atmos
phere is largely beclouded by ammonia 
crystals. So far as decelerating force is 
concerned, a lifting vehicle would have 
an entry corridor about as wide as that 
of the earth. But it would approach the 

Jovian atmosphere at the fantastic speed 
of 135,000 miles per hour, with 60 times 
the kinetic energy of an earth satellite. 
No presently conceivable design could 
possibly dispose of this much heat 
energy. 

Some of the distant moons of the 
outer planets furnish more attractive 
targets for manned vehicles than these 
planets themselves. Titan, one of the 
moons of Saturn, is of special interest. 
About the same size and weight as our 
moon, it has the added advantage of an 
atmosphere. With an escape velocity of 
only 6,700 miles per hour, all conceiv
able approach paths appear to be feasi
ble, even one heading straight in at 90 
degrees to the horizontal. 

The details of these predictions are 
still speculative because they rest on 

crude and incomplete information about 
the planetary atmospheres. Before 
manned landings are attempted much 
more data will have been collected, by 
telescopes in satellites and by instru
mented space probes. Even now, how
ever, we can confidently say that the at
mospheres of Mars and Venus, like that 
of the earth, will be extremely helpful to 
explorers of space. 

VENUS EARTH MARS JUPITER TITAN 

RADIUS 100 53 1,100 33 
(PER CENT OF EARTH'S RADIUS) 

FORCE OF GRAVITY 87 100 263 22 
(PER CENT OF EARTH'S GRAVITY) 

-. •... 

ESCAPE VELOCITY 23,000 25,000 11,400 135,000 6,700 
(MILES PER HOUR) 

PRINCIPAL GASES OF ATMOSPHERE CO" N, N" O, N" CO, 
CH" �H" 

H" He CH" NH, 

. .  

AVERAGE TEMPERATURE OF ATMOSPHERE 10 -20 -30 -235 -230 
(DEGREES FAHRENHEIT) 

I ---_. .-

SURFACE DENSITY OF ATMOSPHERE 
(PER CENT OF DENSITY OF I 1,300 100 8 ? ? 
EARTH'S ATMOSPHERE) 

__ •• H ........... .H ..... J ___ . .............. � ..... 

ALTITUDE WHERE ATMOSPHERE HAS 
10 PER CENT OF ITS SURFACE 9 10 26 26 43 
DENSITY (MILES) 

DIFFICULTY OF LANDING on various bodies of the solar system is chiefly determined by 

t he characteristics listed in this table. The principal gases are carbon dioxide (C02), nitro
gen (N2), oxygen (02), methane (CH4), ammonia (NHa), hydrogen (H2) and helium (He) . 
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THE MECHANISM OF IMMUNITY 

How does an animal make an antibody that neutralizes a single foreign 

substance, or antigen? The evidence favors the theory that cells able 

to make the antibody are "selected" by the antigen and then multiply 

D
eliberate defense against infectious 

disease started in the late 18th 
century with Edward Jenner's 

discovery of the principle of immunity, 
so triumphantly demonstrated by the 
success of Jenner's vaccine against small
pox. Today the technique of immuniza
tion provides protection against all the 
significant diseases that have not been 
eliminated by public-health measures 
or that do not yield readily to chemo
therapy. Much public-health work re
mains to be done, particularly in the un
derdeveloped areas of the tropics, but 
without important exception man can 
now control all the infectious diseases 
that seriously threaten human life. 

Although the practical problems of 
immunization have been solved, immu
nology remains an important branch of 
medicine. The immunologist of today, 
however, is not so much interested in 
finding out how to immunize people 
more effectively against diphtheria or 
poliomyelitis as he is concerned with un
derstanding what happens when people 
become immune. He asks more sophisti
cated questions than in the past. For 
example: Why can a surgeon successful
ly graft skin or other tissue from one 
part of the body to another but not from 
one individual to another, except in the 
case of grafts between identical twins? 
How is it that occasionally a pair of fra
ternal (nonidentical) twins share two 
blood groups and accept skin grafts from 
each other? How can an individual who 
had suffered a single attack of a virus 
disease 20, 30 or even 60 years ago con
tinue to produce antibody against the 
virus? And why are there "autoimmune" 
diseases, such as rheumatoid arthritis, 
acquired hemolytic anemia and Hashi
moto's disease of the thyroid, in which 
an abnormal immune reaction is directed 
against the body's own cells and tissues? 
Any modern formulation of immunolog-
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ical theory must supply at least provi
sional answers to these and other equally 
complex questions. 

But immunology is not simply a 
branch of medicine. It is a discipline in 
its own right, potentially able to make a 
rich contribution to the understanding 
of the central problems of biology, no
tably the nature of genetic information 
and the mechanism of protein synthesis. 
Both of these problems are intimately 
tied to any theory of immunity. 

In its modern form orthodox immuno
logical theory holds that the central fea
ture of immunity is the production of 
antibody by a specialized group of tissue 
cells known as plasma cells. Antibody 
is a globular protein of blood plasma 
which can be identified by its physical 
behavior as a "gamma globulin." Each 
antibody has a highly specific affinity 
with the particular antigen which stim
ulates its production. An antigen may 
be part of a virus, bacterium or for
eign tissu,e cell, or a fragment of some 
such structure, a protein or a polysac
charide (a large molecule made of 
many simple sugar units). Antibody 
protects the organism against a foreign 
substance by combining with it and 
thereby rendering it inactive. 

,\ntigen and antibody are both large in 
ft the chemical sense, that is, the mole
cules of both consist of a great many 
atoms. Antibody globulin has a molecu
lar weight of about 160,000 (10,000 
times the weight of the oxygen atom). 
Typical antigens are of the same order 
of size. The sites of chemical activity 
which bring antibody and antigen to
gether into combination, however, rep
resent relatively small portions of these 
complex molecules. A single site may be 
thought of as equivalent to the region 
occupied by three to five of the several 
hundred amino-acid units in an average 

protein (a protein being composed of 
combinations of any of 20-odd different 
amino acids), or an equally small num
ber of the monosaccharide units in a 
polysaccharide. These small regions of 
active union are called antigenic deter
minants on the antigen and specific 
patches on the antibody. According to 
the classical theory, the two combine 
because the geometrical configuration of 
the specific patch is complementary to 
the pattern of the antigenic determinant. 
They fit each other just as a particular 
key matches its lock. In this scheme, 
which bears the strong imprint of such 
figures as Paul Ehrlich, Karl Landsteiner 
and Linus Pauling, the specific patch on 
the antibody acquires its pattern by be
ing synthesized in contact with the anti
genic determinant. The antigen itself is 
presumably taken into the cell and comes 
into action after the amino-acid units of 
the globulin molecule have been assem
bled by the cell's machinery of synthesis 
and are in process of being folded into 
globular form. At the folding stage the 
globulin is brought into contact with the 
antigen and is molded into the required 
complementary pattern. 

This is the simplest form of what 
Joshua Lederberg of Stanford University 
has called the "instructive" theory of 
antibody formation: the antigenic deter
minant itself supplies the information 
from which each highly specific antibody 
is constructed. The instructive theory 
does not, however, account satisfactorily 
for several significant processes associ
ated with immunity, such as the persist
ence of immunity and the origin of the 
autoimmune diseases. A fundamentally 
different view has accordingly been ad
vanced by the proponents of the so
called selection theory. 

This theory holds that antibody mole
cules are made in essentially the same 
way that other proteins are synthesized, 
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MATURE PLASMA CELL containing rheumatoid factor is made 

visible by reaction with a fluorescing compound. Neighboring cells 

have no rheumatoid factor, hence do not combine with fluorescing 

NODULAR AGGREGATION of cells in lymph node fluoresces be· 

cause cells contain rheumatoid factor, a giant molecule with anti· 

body.like characteristics found in blood of majority of patients with 

compound and are barely visible. Interpretation according to 
selection theory would be that fluorescing cell "inherited" a par· 

ticular antibody pattern which is carried in its genetic material. 

rheumatoid arthritis. It may indicate an autoimmune response. 
The photomicrographs were made by Rohert C. Mellors, Hospital 

for Special Surgery, New York Hospital·Corneli Medical Center. 
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- A. 

SELECTION THEORY OF IMMUNITY proposes that early in embryonic life immuno

logical cells mutate frequently (a) , producing all possible antibody patterns, represented 

here by only 11 different symbols. Some will match antigens native to the body (b). These 

antigens will kill immunological cells having the complementary pattern (c), leaving only 

the cells with antibody patterns which correspond to foreign antigens (d). When these cells 

have matured, a foreign antigen reaching one of them (d) stimulates it to proliferate rapidly 

(e). Its descendants produce antibody which combines with and inactivates foreign antigen. 

that is, according to genetic instructions 
contained in the nucleus of the manu
facturing cell. At no time does informa
tion enter the cell from outside. Instead, 
for each one of the thousands of possible 
foreign antigens, the body already con
tains a cell or group of cells genetically 
capable of synthesizing the appropriate 
antibody. Each of these cells or groups 
of cells "knows" how to make the spe
cific antibody even if the complementary 
antigen never enters the body. The func
tion of the antigen is simply to select and 
stimulate the proliferation of the appro
priate group of cells, thus increasing 
production of the required antibody. 

The idea of selection has been central 
to biology ever since the publication of 
the Origin of Species: The environment 
selects among organisms for the differ
ential survival attributes or potentiali-

ties which are conferred upon them by 
genetic processes. The sun does not 
breed maggots in a dead dog unless the 
fertilized fly deposits the necessary ge
netic information in the carrion. No one 
now seriously argues that evolution pro
duced the whale and the giraffe by the 
Lamarckian formula according to which 
function in the environment molds form 
-first physically and then inheritably
in the right direction. Recently, how
ever, some investigators have held that 
bacteria show a wide capacity to pro
duce "adaptive" enzymes on demand. 
It was indeed observed that bacterial 
cultures can start producing new en
zymes when presented with unusual sub
stances in their nutrient. But it soon be
came clear that adaptive-enzyme for
mation is a much subtler phenomenon. 
Current interpretation tends toward the 

view that a bacterium can produce a giv
en enzyme only if the necessary informa
tion is incorporated in its genetic mech
anism; the experimental change in the 
environment allows the emergence into 
activity of what was formerly only a 
latent capacity. 

I t is likely that views of antibody for-
mation will change in the same di

rection, toward a wider acceptance of 
selection theories. Certainly this ap
proach leads more directly to the central 
process in immunology, which I defined 
a long time ago as the differentiation be
tween the self and the not-self. The 
body does not normally produce anti
bodies against its own tissues, although 
it is at least potentially capable of pro
ducing antibodies against any protein 
or any other substance of appropriate 
molecular character that is not present 
in the body. The implications of this fact 
are the most important reasons for fa
voring a selection theory of immunity. 

Most proteins are antigenic to an or
ganism that has not been concerned in 
producing them. At the present time 
only one protein is known well enough 
to permit a comparison of its chemical 
structure with its immunological activity. 
This is insulin, one of the smallest pro
teins; the full sequence of amino-acid 
units has been worked out for the insu
lins of several animal species. Of course 
insulin is not antigenic in the animal that 
produces it, and it also happens that it is 
a rather mild antigen. Most diabetics can 
receive beef or sheep insulin for years 
without any trouble. Some, however, be
come resistant to insulin because they are 
making antibodies against it. This diffi
culty can usually be circumvented by us
ing pig insulin. The difference between 
beef insulin and pig insulin is known [see 
illustration on pages 64 and 65]. Of 
the 51 amino-acid units in the insulin 
molecule, 48 have the same arrangement 
in the insulins of different species; the 
sequence of units in one segment of 
three units varies. If an insulin is anti
genic for a mammal, it is because this 
sequence differs from the corresponding 
sequence of the animal's own insulin. 

In these days when genetics has come 
so close to biochemistry it is worth point
ing out that an antigen, like a gene, is a 
purely relative concept. A gene is an en
tity devised to explain an observable 
hereditary difference between two inter
breeding stocks or individuals. Long 
stretches of a chromosome must remain 
genetically silent if there are no regions 
of observable difference between avail
able stocks. An antigen, or more strictly 
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GRAFT AND HOST INTERACT in mice. At left spleen cells from 

embryo mouse of strain B (1) are injected into newborn mouse of 

strain A (2) . Later skin graft from B takes on A (3) , showing 

mutual tolerance of host and graft. In center spleen cells from adult 

mouse A are injected into second newborn B mouse, which develops 

runt disease (3) because injected cells set up immune response to 

it. Third newborn B mouse (right) receives no injection at birth to 

establish tolerance, later (3) rejects skin graft from strain A. 

an antigenic determinant, is also an ex
pression of difference. It contains cer
tain patterns which differ from any pat
tern present in the animal in which it is 
tested for antigenicity. In one kind of 
animal one part of a foreign protein 
molecule may be antigenic; in another 
species an entirely different segment of 
the same molecule may stimulate the 
antibody reaction. 

Even though insulin is a poor antigen, 
it still presents rather clearly the central 
question: How does the insulin-resistant 
diabetic "recognize" the tiny difference 
between beef insulin and his own insulin 
and so make antibody against the for
mer? Basically this is a problem of in
formation. How does the body acquire 
or generate the information needed to 
distinguish foreign chemical configura
tions from its own? 

The most important clue is provided 
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by experimental manipulations that trick 
an organism into accepting as its own 
a substance or a cell that genetically 
speaking has no right to be there. Prob
ably the most impressive example comes 
from the rare experiments of nature by 
which genetically dissimilar human 
twins share a common placental circula
tion in their mother's uterus. This will 
ensure that each twin receives a variety 
of cells from the other, including cells 
that can settle down in the bone marrow 
and multiply to produce the red blood 
cells. Three pairs of such twins have 
been recognized in adult life. When their 
blood was typed prior to their acting as 
blood donors, they were found to have 
two blood groups: their own and that 
which was genetically appropriate to 
their twin. Such fraternal twins have a 
second striking difference from an ordi
nary pair of dissimilar twins. Fraternal 

twins who have developed in the usual 
fashion from two separate placentas will 
not accept skin transplants from each 
other. An immune reaction kills the 
grafts. But fraternal twins with double 
blood groups (at least the only pair of 
twins so far tested) have been found to 
accept cross skin-grafting as happily as 
if they were genetically identical twins. 
This indicates that self-recognition in the 
antibody-producing system is not due 
simply to hereditary traits. Rather, self
recognition seems to develop as a sec
ondary process sometime during em
bryonic life. 

Much work has been done in recent 
years on the experimental demon

stration of immunological tolerance, 
most often in mice and rats. Laboratories 
now possess many lines of mice so in
bred and so similar genetically that each 
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individual will accept grafts of skin or 
other tissue from any other member of its 
strain. Two very illuminating experi
ments can be carried out with two suit
able strains: A and B. In both experi
ments an emulsion of living cells from 
a mouse of strain B is inoculated into a 
vein on the face of a newborn mouse of 
strain A. This requires steady hands and 
a good eye, but it is done routinely. 

In the first experiment cells from the 
spleen and kidney of an embryo of 
mouse B are inoculated into a newborn 
mouse of strain A. The mouse develops 
normallj'. If a piece of B skin is grafted 
to the mouse when it is sufficiently 
grown, the graft "takes" and persists in 
a healthy condition. If the A mice are 
white and the B mice are black, the A 
mouse presents tl1e unprecedented 
anomaly of a patch of healthy black hair. 

In the second experiment another 
mouseling of strain A is inoculated with 
cells from the spleen of an adult B 
mouse, not an embryo. The result is dis
astrous. Depending upon the number of 
cells and the particular pair of mouse 
strains being used, the mouseling either 
dies within two or three weeks or de
velops slowly into an undersized, scruffy
looking individual suffering from what 
has been called runt disease [see illustra
tion on opposite page J. 

A slightly oversimplified explanation 
is that in the first experiment host A be
comes

' 
tolerant of the B cells implanted 

in its tissues just after birth. As a result 
A subsequently tolerates a graft of B 
skin. But it is important to note that the 
cells that are implanted have qualities 
just as definite as those of the host. If an 
equilibrium is to be reached, the im
planted B cells must become tolerant of 
their foreign host as well as vice versa. 
The embryonic B cells do become tol
erant. But in the second experiment the 
adult B cells set up their own immune 
reaction against their host and produce 
runt disease or death. 

A detailed consideration of many phe-
nomena of the same general quality 

permits the formulation of the key ques
tion in the self and not-self problem: 
What is the process by which the body 
learns during development to differen
tiate its own substance from that of oth
ers? As Niels K. Jerne of the World 
Health Organization has put it, where or 
what is the dictionary that the body must 
consult to decide whether such and such 
a word (chemical configuration) is for
eign or belongs to its own language? 
Along with Lederberg and other investi
gators, he believes that the dictionary 
lists only foreign words and that it has in 

it a list of all the foreign words without 
ever having heard them! 

Such a dictionary can be pictured in 
several possible ways, but basically it 
must contain a large, though not infinite, 
number of patterns (words) which 
among them can offer a complementary 
specific antibody patch to correspond 
with every possible antigenic determi
nant. The proposal is not as outrageously 
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unlikely as it sounds, because the num
ber of antigenic determinants is not im
possibly large. Both the antigenic de
terminants and the specific patches are 
small configurations. The number of dif
ferent three- and four-letter combina
tions for the 20-letter alphabet of amino
acid units in proteins is respectively 
8,000 and 160,000; these are very few 
compared with the number of cells in 
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ANDOMIZA TleN I SELECTIVE IMMUNOLOGICAL MATURITY 

INHIBITION 

SELECTIVE ELIMINATION 

MUTATION RATE per cell-generation of genes carrying antibody patterns is high in eady 

embryonic life (vertical line down chart indicates birth). Then mutation rate slows and 

most cells carrying "self"-antibody patterns are eliminated; later others are selectively in

hibited. Immunological matudty occurs some time after birth. Mutations continue to appear 

throughout life, but at a much lower rate than in an individual's early embryonic life_ 
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ANT IGEN CONCENTRATION -------�7 

MATURITY CHANGES REACTION of immunological cells to increasing concentration of 

antigen. The most immature cells are represented by bottom curve; the most mature cells, 

by top curve. Zero line indicates no reaction to antigen. Above it, cells proliferate, and the 

thickened curves indicate development of plasma cells and production of antibody. Below the 

zero line immune cells are first inhibited and then, as the curves indicate, fm·ther concen

tration of antigen can drive them to dormancy and can even destroy the very immature cells. 
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BEEF INSULIN 

PIG 

SHEEP 

HORSE 

DIFFERENCES IN INSULIN MOLECULES produced by various mammals are slight. 
Sequence of amino·acid units in entire beef·insulin molecule appears at top. Only three 
units (color) differ from those found in pig, sheep and horse, as indicated below. 
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even a mouse. David 'vV. Talmage of the 
University of Colorado School of Medi
cine has estimated that only some 10,000 
different patterns are needed. 

It is not difficult to imagine how the 
body might create its foreign-word dic
tionary. The lymphocytes (one impor
tant group of the mobile white blood 
cells) are the most likely carriers of the 
words, or antibody patterns. In the early 
stages of embryonic life the ancestors of 
these cells are assumed to be 'highly 
mutable in this particular quality. Their 
genetic material would change spon
taneously and in a random fashion, 
creating all the possible antibody pat
terns. Each mutated cell, through sim
ple division, would become the an
cestor of a small group of cells, called 
a clone, all identical and all carrying 
the pattern for one or at most a fev" 
specific antibodies. Since the mutation 
process would be random, antibody pat· 
terns against antigens within the body 
would arise. It is therefore necessary tG 
postulate that such cells are destroyed by 
contact with their corresponding anti· 
gen. (It is well known that a high con
centration of antigen in an adult will in
hibit antibody formation.) Thus during 
an early phase of embryonic develop
ment, "forbidden" clones that match 
"self"-antigens would be eliminated as 
they arose. Foreign antigens normally 
cannot reach an embryo, but when they 
do (as in the case of the nonidentical 
twins sharing one placenta) , they come 
to be accepted as self. If no foreign anti
gens reach the embryo, it presumably re
tains all the foreign patterns. 

Later in embryonic life the rate of 
mutations in immunological cells would 
decrease drastically to the mutation rate 
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virtue of the clonal-selection hypothesis 
is that it draws attention to the essen
tial role of cells, rather than of antigens, 
in antibody production and immunity. 
Hence it must stimulate attempts to de
fine the potentialities of single cells and 
to analyze the population dynamics of 
the immunological cells in the body. 

Several experimental approaches are 
possible. One is the study of the ability 
of single cells to produce antibody and 
of the number of types of antibody that a 
single cell can produce. It is now estab
lished that in an animal immunized with 
more than one antigen most cells pro
duce only one type of antibody, but that 
an occasional cell can undoubtedly pro
duce two. Another type of experiment is 
based on finding a situation in which a 
small proportion of cells with some spe
cial antibody pattern can be sorted out 
from a large population of immunologi
cal cells. At our laboratory in Melbourne 
we have recently been engaged in pro
ducing immunological "pocks" on the 
chorioallantois of the chick embryo, the 
membrane in the egg which supplies the 
chick with oxygen [see illustration be
low}. We do this by inoculating the 
membrane with white blood cells from 
a mature chicken. The inoculation pro
duces one focus, or pock, for roughly 
every 20,000 white cells. One focus, we 
believe, represents one cell; our provi-
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found everywhere in the body through
out life. (It has been estimated that as 
many as a million body cells undergo 
mutation each day.) Forbidden clones 
would continue to arise, though infre
quently, and would normally be killed 
off, or at least inhibited, while still im
mature. Mature immunological cells, in
stead of being destroyed by the appro
priate antigen, would be stimulated by it 
to proliferate [see illustration on pages 
60 and 61], producing among their off
spring a great many of the plasma cells 
that probably manufacture the actual 
antibody molecules to combine with and 
deactivate foreign antigens. 

The theory is called the clonal-selec-
tion theory because the action of the 

antigen is simply to select for prolifera
tion that particular clone of cells which 
can react with it. In the original form 
of the hypothesis each clone was be
lieved to carry only one pattern, but two 
patterns per clone now seems to accord 
better with evidence from observations. 

Many immunologists are highly sym
pathetic to the general idea of a c1onal
selection theory, but are skeptical of 
the necessity of limiting the capacity 
of a given cell or clone to one, two or at 
most three patterns. They would prefer 
a substantial number, perhaps 10 to 20 
related patterns per clone. Some even 
press the idea to its logical conclusion 
and assume that every cell which is a 
potential antibody producer carries its 
own complete foreign-word dictionary 
and can therefore recognize any anti
genic determinant and through its de
scendants produce antibody against it. 

The main virtue of the clonal-selection 
theory in which not more than three 

antibody patterns are carried by a single 
cell or clone is that it is in principle and 
in practice amenable to a variety of ex
perimental tests. It can be proved wrong. 
So far no one has offered an experimental 
means of differentiating between an 
instructive theory and the theory that 
every immunological cell carries all 
possible antibody patterns. Further
more, it is extremely difficult to picture 
how every one of these cells could con
tain all the information needed for the 
recognition of every foreign antigenic 
determinant. 

In biology the only function of a gen
eralization is to present clearly a state
ment in such a form that any interested 
worker can grasp the type of experi
mental or observational information that 
will be needed to disprove it or to com
pel its modification. No theory can ever 
be proved to be correct. The only major 

MEMBRANE OF CHICK EMBRYO shows white spots due to attack by adult-chickeu lym
phocytes implanted in egg. Technillue isolates the 1 in 20,000 lymphocytes which apparently 

carries antibody pattern matching membrane antigen. Photograph was made by author_ 
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"VICIOUS CIRCLE" of autoimmune disease might start when im

munological cell produces offspring (lOp) which by mutation 

has acquired a "forhidden" antibody pattern, matching a self-

antigen. The antigen (color) stimulates proliferation of cell 

(cenler). Antibodies attack tissue which contains this antigen. 

More antigen is released, causing stepped-up attack (bot/om). 
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sional interpretation is that this ratio of 
1 to 20,000 reflects the proportion of the 
white cells with the preformed patterns 
that correspond to and react with anti
gens in the chick embryo not present in 
the chicken that provided the white 
cells. 

The clonal-selection theory could be 
decisively disproved if it were possible to 
grow antibody-producing cells in tissue 
·culture and show that from a very small 
initial population of cells any desired 
type .of antibody could be produced by 
stimulation from a variety of antigens. 
So far no one has produced such a 
demonstration. 

To me the most gratifying feature of 
the clonal-selection theory has been 

the way in which it can fit all the pieces 
into a reasonably self-consistent pattern. 
The explanation of the important auto
immune diseases was particularly ob
scure when the instructive theories of 
immunity were the only ones available. 
The selection theory allows these phe
nomena to fall easily into place. It pos
tulates that a forbidden clone, through 
mutation or otherwise, enjoys an ab
normal protection from destruction or in
hibition by its corresponding antigen. 
There are difficult problems to be faced 
in some of the more severe autoimmune 
diseases, but in one group the process is 
more readily understood because the an
tigens concerned are normally of very 
limited accessibility in the body. They 
arise in such well-"insulated" tissues as 
those of the nervous system or the in
terior of the thyroid gland; they do not 
110rmally circulate in quantity in the 
blood and hence fail to eliminate the 
complementary clone during the embry
onic selection period. Once the antibody
forming cells start to attack, they break 
down the cells and tissues containing 
the antigen, releasing more antigen. The 
antigen stimulates proliferation of the 
forbidden clone, which steps up the 
attack, and the vicious circle of autoim
mune disease sets in [see illustration on 
opposite page J. 

At the other, theoretical, end of the 
conventional range of medicine is the 
central problem of biology-the way in 
which genetic information in the chro
mosomes of the cell nucleus is expressed 
in the specific geometric configuration of 
proteins such as enzymes. At this level, 
too, the idea of a preadapted pattern 
determined by the genetic material, 
which is the essence of the clonal
selection theory, seems to fit better with 
modern conceptions of protein synthesis 
than the rather crudely mechanical con
cept of the orthodox instructive theory. 

<E--< --� 

THREE THEORIES OF IMMUNITY are classical "instructive" hypothesis (a), the author's 

earlier indirect.template theory (b) and clonal selection (c). In the instructive theory 

antigen enters antibody·producing cell and becomes a direct template from which antibody 
takes its final, complementary form. In b the antigen somehow incorporates an image of 

itself in genetic mechanism of celL Author's recent clonal·selection theory holds that the 

cell is "born" with pattern complementary to specific antigen, and that antigen does not 

enter the cell but simply selects and encourages proliferation of cell having right pattern. 

67 

© 1960 SCIENTIFIC AMERICAN, INC



VERTICAL AERIAL PHOTOGRAPH shows the ziggurat of Tcho· 
ga·Zanbii as a small square (center). The faint rectangle around the 
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square is the remains of a wall 1,300 feet on a side. Irregular out· 
line near the edges of the photograph is tIle remains of another wall. 
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The Ziggurat of Tchoga-Zanbil 

In the desert of southwestern Iran stand the relnalns of a temple 

that (\'as originally 165 feet high. Built by the Elamites of 3,000 

years (ff!.·o, it is the san1e kind of structure as the Tower of Babel 

E
ach city of the "cradle of civiliza

tion" (the region of the Middle 
East now em braced by Iran and 

Iraq) was dominated by a "ziggurat": a 

lofty, stepped, pyramidal tower with 
stairways leading to a shrine at the top. 
The Tower of Babel-"whose top may 
reach high heaven"-was a ziggurat. In 
Mesopotamia (modern Iraq) the ruins 
of more than a score of such structures 
are known. But none of them was so im
posing as the ziggurat that is presently 
being uncovered and partially restored 
at Tchoga-Zanbil in the gazelle- and 
jackal-haunted wilderness of southwest
ern Iran. 

Tchoga-Zanbil means "hill (in the 
shape of a) basket," and the great 
mound that concealed the ruin indeed 
looked like a basket upside down. In the 
1930's the search for oil brought a geolo
gist who was also an amateur archeolo
gist into that part of Iran. He guessed at 
once that the mound might contain the 
remains of a lost civilization. By good 
fortune he found a brick that bore an in
scription, and he took this to the head 
of the French Archeological Mission that 
was digging some 20 miles away at Susa, 
the capital of ancient Elam. The inscrip
tion was in the Elamite tongue. It told of 
a sacred city that had recently been built 
by Untash-Gal, a king who reigned in 
Elam around 12.50 B.C. 

French archeologists have been dig
ging at Tchoga-Zanbil since the end of 
'Norld ',Var II. Gradually the remains of 
temples, palaces and tombs have been 
emerging from beneath the ground. In 
place of the "hill" there stands the im
mense bulk of the mutilated but now 
clearly recognizable sacred tower. 

The Elamites are not nearly so well 
known to history as the Sumerians, As
syrians and Babylonians who were their 
predecessors, contemporaries and suc-

by Boman Gbirshm8 n 

cessors in the ziggurat architectural 
tradition. Apparently the Elamites were 
neither Semites nor Indo-Europeans, but 
were related to the indigenous peoples 
who inhabited the mountains between 
the Persian Gulf and the Caspian Sea. 
In the third millennium B.C. they had 
already evolved a kingdom. By the time 
of Untash-Gal, in the second half of the 
second millennium, expansion and con
quest had extended the power of the 
Elamite kingdom far beyond its heart
land on the eastern side of the Persian 
Gulf (modern Khuzistan) to include 
parts of Mesopotamia to the west and 
the Iranian plateau to the north. The 

Elamite capital Susa is "Shushan the pal
ace" mentioned in the Book of Esther. 
The sacred city built by Untash-Gal
called Dur-Untashi-is also known from 
the account of campaigns of the Assyrian 
king Assurbanipal. Around 640 B.C. 
Assurbanipal conquered Elam, devastat
ed Susa and pillaged and destroyed 
Dur-Untashi. 

It took six seasons of excavation-a 
total of 21 months of work-to dear away 
the Tchoga-Zanbil and reveal the mas
sive monument within. Close to 100,000 
cubic yards of debris were carted off and 
dumped in ravines beyond the margins 
of the ancient city. The techniques of 

OBLIQUE AERIAL PHOTOGRAPH shows the northeast face of the ziggurat after its exca· 

vation by the French Archeological Mission in Iran. Each side of the base is 345 feet long. 
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AT BEGINNING OF EXCAVATION the remains of the ziggurat ed as "hill in the shape of a basket.") In the foreground workmen 

were an almost formless mound. (Tchoga·Zanbii is roughly translat- dump material from the excavation at the end of a ramp of debris. 

AFTER EXCAVATION the massive construction of the northeast ture's four gates. This gate has been restored. Its scale may 

side of the ziggurat is revealed. In the center is one of the struc- be judged from the figure of the man standing iuside the entrance_ 
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mechanization are not yet of much help 
in archeology: man does the digging, ex
changing his pickax at times for a smaller 
pick or even a trowel and a brush; an
other man stands by and shovels the 
earth on the cart, taking care to examine 
each shovelful for interesting objects or 
fragments. The French Mission em
ployed 100 to 125 laborers each season. 

By now the plan of the holy precinct
the temenos-of the city is clear. It was 
a quadrangle 1,300 feet square, enclosed 
by a wall, containing a cluster of temples 
and open courtyards for processions of 
the faithful. At the center stood the 
ziggurat, 345 feet square at its base and 
rising in five stepped stages to a height 
of 165 feet. Crowning the tower was a 
temple which was the home of Inshushi
nak (Lord of Susa) , chief god in the 
Elamite pantheon. That temple van
ished, however, as the upper 80 feet of 
the structure crumbled and fell outward 
upon the lower stages. 

Although it has been thought that zig
gurats were built by piling successively 
receding layers one upon the other, this 
structure has proved to consist of five 
concentric towers, each of which rises to 
its full height from ground level. The 
fifth stage, which was innermost and 
highest, was 1 15 feet square. Sun-dried 
brick was the principal building material, 
but an outer facing of kiln-fired brick 
protected the vulnerable raw brick from 
the infrequent but often violent winter 
rains. The bricks in each 1 1th course of 
the outer facing were inscribed in the 
cuneiform writing of the Elamite lan
guage; they record the names of the 
builder-king, his father and the god to 
whom the tower was dedicated. In addi
tion these inscriptions pronounce a curse 
upon anyone who would destroy the 
work of the king. The bricks that faced 
the upper temple have been found scat
tered on the lower slopes of the ruin and 
in the interior courts of the tower. They 
were glazed in blue or green, with a 
shimmer of gold or silver. This explains 
those Babylonian inscriptions in which 
the kings boast of building temples cov
ered with gold and silver. 

Four monumental gates were cut into 
the four sides of the ziggurat. Three 
gates led to stairs, which ascended only 
as far as the surface of the second stage. 
The southwest gate (the corners of the 
structure were oriented to the cardinal 
points of the compass) led to stairs in the 
inner towers which rose ultimately to the 
temple of the fifth stage. These inner 
stairs still reach up to the surface of 
the third stage, and one arch is in tact 
after 3,000 years. From the remains that 
have been identified it has been possible 

COURTYARD of the ziggurat is seen from the northeast face. At right and lower left court

yard was paved. In background workmen trundle material [rom the excavation along a ramp. 

SACRIFICIAL TABLES are arrayed in two rows outside the southwest gate. Just beyond the 

meter rule at right center is a drain for removing the blood of the sacrificial animals. 

FOUR SMALL TEMPLES have been excavated in a cornel' of the quadrangular wall that 

surrounds the ziggurat. Within the wall are numerous temples dedicated to Elamite deities. 
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for the first time to reconstruct the entire 
plan of the stairway system leading to 
the temple at the top of a ziggurat. 

A century of archeological excavation 
in Mesopotamia has brought to light 
several thousand tablets containing 
cuneiform writing. Among them are po
litical, economic and religious texts; but 
they tell nothing of the religious cere
monies that must have taken place out
side and on top of the ziggurat. Nonethe
less, by questioning the "stones" (in this 
case the remains of the monument), one 
may h'y to reconstruct the function of the 
sacred edifice. 

Excavation has revealed the existence 

-." .::':' 

.... ,. 

of two temples within the heavy masonry 
of the wall of the second stage. One 
temple had a monumental gate, 25 feet 
high, which faced toward the interior of 
the ziggurat; this gate had been entirely 
blocked up with brick. It thus became 
clear that the ziggurat was not built at 
a single time, but that its construction 
proceeded in at least two phases. In the 
first phase only the first two stages were 
built, leaving a space at ground level in 
the center. The upper stages which oc
cupy this center space were erected only 
after the closing and bricking off of the 
temple. 

On the other hand, the second temple 

in the wall of the second stage opened,. 
through an arched gateway, toward the 
exterior of the ziggurat, onto the court 
between the second and the first stage. 
This temple was thus in use throughout 
the lifetime of the ziggurat. The door in 
this gate, as in all the other gates of the 
ziggurat and the temples of the sacred 
city, was made of wood decorated with a 
mosaic of opaque black and white glass 
tiles. The discovery of this door, in situ 
and largely intact, revealed a hitherto 
unknown fact: There was already a flour
ishing glass industry in Elam in the 13th 
century B.C. 

Together with the upper temple that 

... . . . 
. ", .' . . . . , ..... . 

TCHOGA·ZANBIL is located by the small cross at the left in this 
map of Iran and adjoining states. The small open circles indicate 

the sites of ancient cities; the black dots, modern cities. Just north· 
west of Tchoga·Zanbil is Susa, which was the capital of Elam. 
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crowned the ziggurat, this sanctuary 
must have served in the ceremonial 
manifestations of the deity to which the 
ziggurat was consecrate"d. The god's 
effigy was probably kept in the upper 
temple and brought down by the priests 
for presentation to the king in the chapel 
of the lower temple. 

Exploration of the three other walls of 
the second stage has revealed a number 
of rooms which were reached from 
above, by stairs coming down from the 
surface of the second stage. It is not yet 
possible to assign a function to these 
rooms. All of them were empty, except 
two that were filled with what are ap
parentlv architectural ornaments in 
glazed terra cotta, designed to adorn the 
upper part of the outside wall. 

The court before the stairway in the 
southwest gate of the ziggurat must have 
been the site for major rituals. Small 
brick tables, 14 in all, arranged in two 
rows of seven each, with a drain nearby, 
were uncove,:ed in this court. The tables 
were used for sacrificing animals, whose 
blood must have run down the drain. 
Probablv the sacrifice was made in the 
presenc� of the king and queen, whose 
thrones were placed on two small daises 
at either end of the row of sacrificial 
tables. In trying to reconstruct the se
quence of the ritual, one may guess that 
after the sacrifice the gathering, led by 
the royal couple, proceeded to the near
by lower temple. There the high priest 
would present the king and his imme
diate entourage with the effigy of the 
god, brought down from its abode in the 
upper temple. 

The design and location of the stairs 
which made it possible to go up to the 
first stage and on upward to the second 
stage suggest that the terraces of these 
two stages were reserved to the clergy, 
who must have taken their places there 
according to their rank in the priestly 
hierarchy. The laity were probably ex
cluded from the ziggurat entirely and re
stricted to the vast paved courts that sur
round the structure. These courts are en
closed within a wall with seven gates; 
the area could hold a procession of sev
eral thousand worshippers. 

These speculations are supported by 
the plan of the ziggurat and its surround
ings. But one can only guess at the theo
logical Significance vested in the zig
gurat. Herodotus, the Greek historian 
who visited Babylon in the fifth century 
B.C., hardly a century after the fall of the 
last Babylonian dynasty, wrote that the 
Tower of Babylon contained the tomb of 
the Babylonian Jupiter. This passage 
raises the question: "Vas the ziggurat a 
temple, or was it, like an Egyptian pyra-

VASE in the form of a woman's head was found outside the ziggurat in the temple of the 

Elamite deity Ishniqarab-Kiril'isha. The priests of the temples sold such objects to pilgl'ims_ 

mid, a tomb? Without claiming to offer a 
definitive solution to this problem, to 
which scholars over the past century 
have dedicated a sizable number of 
monographs, I believe it may be sug
gested, in the light of available informa
tion, that the ziggurat was both temple 
and tomb. 

All the peoples of the region of Asia 
that concerns us here-the Sumerians, 
Babylonians, Assyrians, Elamites-buried 
their dead under the floors of their 
homes. The spirits of the departed were 
to go on taking part in family life. Now 
it happens that the inscriptions on the 
facing of the upper temple state that the 
sanctuary was the home of the god In
shushinak. Therefore, by analogy with 
the custom of ordinary mortals, if the 
home of the god was on top of the tower, 
his symbolic tomb might well have been 

buil t in the lower stages of the ziggurat. 
Not all the gods were immortal. Some of 
them, especially those worshipped in 
relation to the fertility of the land, would 
die when the merciless summer sun 
scorched the land; they would then be 
resurrected when the bountiful rains 
brought life back to nature. The ziggurat 
may thus have had the function of a 
tomb. We are planning, in the course of 
future excavations, to drive a tunnel to 
the heart of the ziggurat. This may at 
least shed some light on the rituals that 
took place during the first phase of the 
ziggurat's construction. 

Whether temple, tomb or both, the 
ziggurat answers the desire of llU

man beings to build a material bridge 
between the world here below and the 
celestial world. The term ziggurat, of 
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ZIGGURAT IS RECONSTRUCTED in these drawings based on 

models made by the wife of the author. The drawing at top shows 

74 

the first phase of construction, with interior chambers partly cut 

away. Drawing at bottom shows the completed five.stage structure. 
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Sumerian origin, is related to the idea of 
"rising toward the sky." The god, des· 
cending from heaven, makes his home in 
the upper temple of the ziggurat before 
he makes himself manifest to man. If 
this hypothesis is correct, the ideal 
which inspired the builders of the zig
gurat is not foreign to the ideal of the 
builders of the medieval cathedrals. 
Jacob's Ladder ("A ladder set up on the 
earth, and the top of it reached to 
heaven") has always haunted men's 
minds. One can see reflections of this 
ideal, in materialistic, scientific terms, in 
20th-century man's efforts to penetrate 
the mysteries of interstellar space. 

Numerous temples, dedicated to the 
various deities of the Elamite pantheon, 
surrounded the ziggurat at Dur-Untashi. 
Our excavations have revealed 1 1  
temples so far, and several more must be 
concealed in the holy precinct within 
which the ziggurat lies. A complex of 
four juxtaposed temples has recently 
been uncovered in a corner of the great 
quadrangle. Those temples which were 
dedicated to a divine couple had two 
tables for offerings; those to a single god, 
a single table. The names of the gods 
were found on inscribed bricks in each 
of the temples. 

Most of the names were already 
known from discoveries at Susa, but the 
nature of the deities was still a mystery. 
Then the excavation of the temples at 
Dur-Untashi brought to light a number 
of votive objects in gold, silver, bronze, 
terra cotta and glazed earthenware. 
Their nature or appearance revealed the 
"function" of the deity to whom they 
were dedicated. It has become clear that 
the Elamite religion was one of nature 
worship, and that its principal deities 
symbolized concern with the fertility of 
the land and of the people. Take for ex
ample the goddess Pinikir, whose name 
figures prominently in a major treaty 
concluded between Elam and a king of 
Babylon. Nothing was known of her but 
her name. Then figurines of the goddess 
nursing a baby were found in her temple. 
These showed her to be the great god
dess of procreation. Thus by joining 
architecture and the study of objets d'art 
to the standard techniques of epigraphy 
(the interpretation of inscriptions) it has 

become possible to reconstruct signifi
cant aspects of the Elamite religion. 

In close association with the temples 
we found the workshops which produced 
the votive objects, especially the more 
common glazed terra cotta figurines. 
These objects were sold by the priests to 
pilgrims, who left them as offerings in 
the temples or chapels of this great pil-

grim center. In this the world has 
changed little: the so-called art of Saint 
Sulpice, with its mixture of piety and 
profit, was already thriving several mil
lennia ago. 

The invasion by the Assyrians under 
Assurbanipal in 640 B.C. virtually put an 
end to the Elamite kingdom. Susa was 
captured and destroyed. The Elamite 
king retreated toward the mountains, 
and the pursuing Assyrians sacked a 
number of other cities, among them 
sacred Dur-U ntashi. 

The temples of the city were pillaged 
by the Assyrian soldiery. In the ante
chamber of one temple the Assyrians left 
close to 200 objects, most of them coats 
of arms in marble, bronze or iron. Almost 

all bore the name of King Untash-Gal. 
Nearby lay other objects in bronze, pre
cious metals and glazed pottery. 

The great gates of the ziggurat were 
guarded by statues representing real 

or composite animals half life-size. Be
fore the northeast gate stood a statue of 
a bull, the animal symbol of the god 
Inshushinak. It was made of blue-glazed 
terra cotta; a long dedication in cunei
form writing appeared on its back. The 
Assyrians smashed the bull with a blow 
on the back. From the fragments found 
on the steps of the gateway my wife suc
ceeded in reconstructing the body of the 
animal. But the head and feet were miss
ing. Five years later, while the walls of 

ROOM WITH STAIRWAY inside the northeast wall of the ziggurat was found to be piled 

with studs made of glazed terra cotta. These were apparently set in the walls of the ziggurat. 
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CYLINDER SEAL is among the many votive objects found in the 
g"eat quadrangle surrounding the ziggurat proper. At right is the 

cylinder seal itself. At left is a flat impressiou that was made re· 
cently by rolling the seal across a strip of wet plaster of paris. 

the gateway were being restored, the 
head and feet of the bull were found in a 
deep corner, to the great surprise of all 
of us. Doubtless a pious hand collected 
and hid those relatively intact parts of 
the smashed statue. The statue has now 
been completely restored. 

The sacred city did not rise again aft
er its terrible destruction. The temple 
priests who escaped massacre seem to 
have abandoned it. The sanctuaries, 
built of raw brick that was vulnerable to 
the elements, disintegrated; the zig
gurat, sapped by the rains, slowly fell 

into ruin. Under the spade and pick of 
the archeologist, however, the r).lin has 
now begun to yield more information 
about the plan and function of the zig
gurat than any other structure of its kind, 
and to provide new insight into a signifi
cant period of religious history. 

PANEL OF A MOSAIC was reconstructed after its fragments had 
been found in the excavation. The inlaid parts of the mosaic, 

here merely resting on paper, are made of ivory. At top is the 
head of an Elamite deity; at bottom is a frieze of dancing animals. 
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__ Kodak reports on: 
the deftness of enzymes . . .  a polypropylene puzzle • • •  strange dances in the movies 

Creatine dissembled 
Eastman 791 t N-Amidinoalanine 10 g . . . $4.80 

Also known as dl-a-guanidinopro
pionic acid. Physiologists call it ala
creatine. Physiologists want to know 
it better. Some physiologists, anyway. 
Particularly those interested in vita
min E. Nobody-absolutely nobody
is more interested in vitamin E than 
we are. Matter of business. 

Deplete an animal of vitamin E and 
creatine shows up in urine. Creatine is 
NH, - C - N - CH, - C OR. Normally creatine 

�H tH3 � is used by combin-
ing with adenosine triphosphate to 
make phosphocreatine. After phospho
creatine yields up its energy, creatinine 
is left. Creatinine is anhydride of 
creatine. Vitamin E somehow mixed up 
in this. Creatine-to-creatinine ratio in 
urine is therefore good index of 
vitamin E status. OK. 

A l a c r e a  ti n e  is NH,-C - N - CH - COHo 

Note that difference �H h tH3 � 
from creatine is position of methyl 
group. Feed alacreatine to rats and what 
happens in 6 weeks? They become very 
weak, as in nutritional muscular dys
trophy from lack of vitamin E (Natllre, 
187, 421). (Different etiology from 
human muscular dystrophy.) 

Does alacreatine take place of genu
ine creatine in combining with ATP? 
Good question. Good answer could 
come from someone who buys our 
alacreatine for further studies. Might 
beat us in learning new fact about be
havior of vitamin E. Would be conso
lation to know he at least used our 
alacreatine. 

We make alacreatine by reacting 
thiourea with ethyl bromide to yield 
ethyl isothiourea hydrobromide, then 
add this with alkali to alanine. 
Product splits out with ethyl mercap
tan. Ethyl mercaptan stench pretty 
well worn out as subject for levity. 

Nature makes creatine by two-step 
method also. In kidney an amidine 
group from arginine transfers to gly
cine to make glycocyamine. ]n liver the 
glycocyamine takes on methyl group 
from methionine, becomes creatine. 
]t's all done with enzymes. Nature 
neater, cheaper, makes more useful 
product. 

If inconvenient to get /rom nature, get 
Creatine from liS also as Eastman 951. Also 
offer Creatinine as Eastman 918. Creatinine 
Hydrochloride as Eastman 7642, Creatinine 
Zinc Chloride as Eastman 1272, and some 
3800 other Eastman Organic Chemicals. 
Complete catalog /rom Distillation Products 
fndustries, Rochester 3, N. Y. (Division of 
Eastman Kodak Company.) 

Is knowledge power? 
For a year now, reports have been 
coming in from molders that Tenite 
Polypropylene, viscosity for viscosity, 
molds better than other polypropyl
enes. We are pleased about this, of 
course, but also embarrassed not to 
know why. 

Samples of Tenite Polypropylene are 
available from Eastman Chemical Prod
ucts, fnc., Kingsport, Tenn. (Subsidiary of 
Eastman Kodak Company.) 

Favor for the high-speed (ongress 

Dust Perfonns for Plant's Pollution-Control Mov
ies, eltell/. W{!('k, 84:84. 86. May 2,1959. (Procter & 
Gamble uses hi�h-speed motion-picture sequences 
for the qualitative control of in-plant dust.) 

The Ignition of Explosives by Radiation. J. Eggert, 
J. Phys. C/il'I11., 63:11-15. Jan., 1959: also in Pho
tOC/U'lIIislry ill Ihl' Liquid and Solid Stales, edited 
by F. Daniels, J. Wiley. N. Y .. 1960. pp. 147-53. 
(High-speed photography proves that the detona
tion of nitrogen iodide starts before the light flash 
ends, showing that only a fraction of the energy is 
used for the detonation.) 

Lathe Check Formation in Douglas-fir Veneer. Forest 
Products J., 10:139-40, March, 1960. (High-speed 
motion pictures were used to analyze production 
variables.) 

Time after time we have visited a 
customer proud of some accomplish
ment with high-speed movies. He is 
willing to show us-eager, delighted 
to show us. The projector is started 
and we watch. We see a collection of 
strange objects. We don't know for 
sure what they are. Little seems to be 
happening. After quite a while, a new 
object enters the scene from the left. 
Shortly another new object comes up 
from the bottom. The two dance 
around each other, touch, and exit 
from the top of the frame. All is again 
static on the screen. After another 
while the reel comes to its end and we 

jump to our feet exclaiming hearty 
congratulations. 

He deserves congratulations, prob
ably. Jf we had lived with the problem 
as he has, the objects in the picture 
might have seemed no stranger than 
the face in the bathroom mirror; the 
dance might have been the triumphant, 
forceful, sudden, undisputed clincher 
to a vexatious problem; the all-purpose 
enthusiasm of the born salesman 
might have meant more. 

N e v e r t h e l e ss, we n e e d  n o t  b e  
ashamed. W e  help scientists and engi
neers LIse high-speed photography by 
manufacturing a group of films to the 
stringent mechanical requirements of 
high-speed cameras. Kodak Plus-X Re
versal Film we make for reversal proc
essing to a fine-grain positive. Kodak 
Tri-X Reversal Film is four times as 
fast. Kodak Double-X Panchromatic 
Negative Film, which is a bit faster yet 
and very sharp, is picked when a quick 
negative will suffice or when several 
prints may be wanted later. Kodak 
Royal-X Pan Recording Film is picked 
only when light is very limited indeed; 
Kodak Linagraph Ortho Film, for ac
centuated sensitivity to green light; 
Kodak High Speed infrared Film, for 
sensitivity to 9000A, with a maximum 
from 7700A to 8400A; Kodachrome 
Film, for color, with low-cost commer
cial processing widely available; Ekta
chrome ER Film, for color at exposure 
index of 160 or higher. 

Another thing. A bibliography on 
high-speed photography. Every item 
our library knows. Forty-six pages of 
items like the specimens at the imme
diate left. No pictures, though. No charge 
either. Coverage extends into 1960. Got 
it ready to distribute to the Fifth Inter
national Congress on High-Speed Pho
tography in Washington in October. 
Doomed to a short life, since the 
Congress promptly generated so many 
new papers on high-speed photography 
that the abstracts alone run from p. 
609 to p. 682 of the September, 1960, 
issue of the lournal oj the Society oj 
Motion Picture and Television Engi
neers. 

Eastman Kodak Company, Photorecord
ing Methods Division, Rochester 4, N. Y., 
would be glad to send the bibliography or 
answer questions about the above-named 
films. 

Price subject to change 
without nolice. 

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 

TRADE MARl( 
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Nalgene® lab ware can do just 

about anything glass can do

except break! It's proof against 

acids, caustics, corrosives. It 

meets your most exacting labora

tory requirements-because of 

Nalge's continuing program of 

product improvement through 

plastics research for you. And it's 

the most economical lab ware you 

can buy-it pays for itself every 

time you drop it! 

Consider this simple program of 

lab economy: whenever you re

place glass, replace it with 

Nalgene lab ware. You won't 

have to replace it again. 

Check with your labora-
tory supply dealer. And 

mail the coupon for the 

new catalog detailing the 

complete Nalgene line. 
· 
· 
· 

L� THE NALGE CO., 
� ROCHESTER 2, NEW YORK 

INC. 

r -The Quality Standard of Plastic Laboratory Ware-, 
The Nalge Co., Inc. I 75 Panorama Creek Dr., Dept. 251, I 
Rochester 2, N.Y. I 
Send me new catalog 

on complete No/gene Laboratory Line. 
I 
I 
I 

Name ............................................ I 
I Company .................................................. I 

Street . ................... _- ._. -- . __ ._--.- -............... ---------.-.-.. -.. I 
City __ ..... ____ .......... . _. _._. ___ ._.Zone ........ Stofe ....... _____ .... I 
-----------------� 

78 

Universities and Government "W hether the quantity and qual
ity of basic research and 
graduate education in the 

U. S. will be adequate or inadequate de
pends primarily on the Government. . . .  
From this responsibility the Federal Gov
ernment has no escape. Either it will find 
the policies-and the resources-which 
will permit our universities to Hourish 
and their duties to be adequately dis
charged-or no one will." So concluded 
the President's Science Advisory Com· 
mittee in a recently published report. 

Federal support of science in uni
versities, which has consisted largely of 
separate grants for individual researcH 
projects, must be greatly widened, the 
Committee urged. Funds are required to 
raise "the shockingly low level" of faculty 
salaries, to help defray the cost of edu
cating graduate students and to provide 
"badly needed new buildings and equip
ment." There is no occasion for a "timid 
mistrust" that such extensive aid would 
be "necessarily subversive of university 
freedom." Each party can be expected 
to respect "the rights and responsibili
ties of the other." 

Current practices, both in Govern
ment and universities, foster an "arti
ficial and fundamentally wrong" division 
between research and teaching. By let
ting contracts that call for answers to 
specific problems, the Government helps 
exclude the graduate student from the 
research program. But research and 
teaching are "essentially inseparable," 
the report pointed out. "The apprentice 
scientist learns best when he learns in 
an atmosphere of active research work." 

SCIENCE ANI 
Besides, the pattern of piecemeal con
tracts has "undermined" universities by 
saddling them with overhead costs on 
the projects. 

Some Federal agencies are already in
cluding overhead allowances in research 
contracts, and the National Science 
Foundation as well as the National In
stitutes of Health have begun to make 
long-term, less restrictive grants. The 
Committee asked that the policies be ex
tended throughout the Government. 

The report, entitled "Scientific Prog
ress, the Universities and the Federal 
Government" was prepared by a group 
under the chairmanship of chemist 
Glenn T. Seaborg, now chancellor of the 
University of California. Among its other 
recommendations are: The Government 
should seek to identify new fields of re
search and education that need encour
agement. Steps should be taken to dou
ble the present number of 15 to 20 
"first-rate academic centers of science" 
in the U. S. ovel the next 15 years. 

Status for Social Science 

By establishing a new Division of the 
Social Sciences, the National Sci

ence Foundation has placed this branch 
of inquiry on a formal par with the phys
ical and biological sciences. Alan T. 
Waterman, director of the Foundation, 
explained that the creation of the new 
division "recognizes the insistent need 
for supporting more fundamental studies 
in the social sciences, particularly in the 
face of diminishing support from other 
sources." He said that several large pri
vate foundations have recently reduced 
their grants for social science or have 
shifted them from basic to applied re
search. 

In the past two years, Waterman add
ed, social-science allotments by the Na
tional Science Foundation have amount
ed to only a fifth of the funds requested. 
In 1959 the Foundation gave $853,000; 
in 1960, $1,925,000. For 1961 the new 
division will have $3,400,000 to divide 
among approximately 130 grants. This 
is 5 per cent of the 1961 research budget 
of the Foundation, which includes $26,-
500,000 for the biological and medical 
sciences, and $35,200,000 for the 
mathematical, physical and engineering 
sciences. 

The Foundation made its first grants 
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THE CITIZEN 
in the social sciences six years ago and 
in 1958 set up an Office of Social Sci
ences. The head of that office, Henry W. 
Riecken, a social psychologist, will di
rect the new division. 

Cavities Win 

proposals to fluoridate public water-
supplies in order to prevent dental 

caries were rejected by voters in 29 out 
of 35 communities in the recent elec
tions, according to the latest count of the 
American Dental Association. The popu
lation of the 29 communities totals more 
than a million, compared to the 43,000 
total population of the six communities 
where the proposal carried. Among the 
communities rejecting fluoridation were 
14 high-income San Francisco suburbs 
in Marin County, Calif., the industrial 
city of Cincinnati, Ohio, and the village 
of Maple Shade, N. J. The outcome of 
the 1960 referendums on the issue fol
lows the pattern of recent years. 

Despite the unpopularity of the meas
ure on the ballot, the records of the U. S. 
Public Health Service show that 1,956 
communities, with a population of 37 
million, now fluoridate their water sup
plies, as against an estimated 1,000 com
munities, with a population of 17 mil
lion, in 1955. In most cases, however, 
the local government has acted without 
submitting the question to the elector
ate. This year's defeat in Cincinnati was 
the second one for the proponents of the 
measure in that city; the first was in 
1953, when a referendum reversed the 
city government's decision to proceed 
with fluoridation. 

V irus Protein 

Investigators at the University of Cali-
fornia's Virus Laboratory have deter

mined the complete chemical structure 
of the protein molecule of the tobacco 
mosaic virus (TMV). Some 2,200 of 
these molecules form the protein cylin
der around the nucleic-acid core of the 
virus. The TMV molecule has now been 
shown to be made up of 158 amino acid 
units, and is the third and largest pro
tein to be so elucidated. Frederick San
ger and his co-workers at the University 
of Cambridge described the 51-unit se
quence of insulin in 1954, and in 1959 
William H. Stein and Stanford Moore at 

PERFORMANCE . RELIABILITY . COMPACTNESS . PRECISION 

Kidde Ballscrews now in production include these ranges: 
SIZES-o/J6 to PI! inches (dia.), 1%2 to 8 inches (thread length). 

WORKING LOAD -30 to 2000 Ibs. 

TEMPERATURE -minus 65°F to plus 840°F. 

PRECISION _ lead error of 0.0003 inch/ft. 
Kidde ballscrews have a minimum amount of backlash and friction, per

form functions demanding rapid reversibility of heavy loads. These abilities 
make them suitable for an extremely wide variety of applications in air

craft, missiles, and ground support equipment, including their use in aero

dynamic surface controls, steering mechanisms, nuclear scram rod controls, 

and radar scanning drives. For more information ask for Brochure A-28. 

� 
Kidde Aero-Space Division 
Walter Kidde & Company, Inc., 193Main St., Belleville 9, New Jersey 

District Sales Engineering Offices: Boston, Mass. • Dallas, Texas • Dayton, Ohio • Huntington, l. I., N. Y. 
St. Louis, Mo . •  San Diego, Calif. • Seattle, Wash. • Van Nuys, Calif . •  Washington, D. C. 

Walter Kidde-Pacific, Van Nuys, California • Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 

The words 'Kidde', 'lux', 'Inflatair' and the Kidde seal are trademarks of the Walter Kidde & Company. Inc. 
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the Rockefeller Institute determined the 
124-unit sequence of the enzyme ribonu
clease. 

In Proceedings of the National Acad
emy of Sciences the California group
which includes Heinz Fraenkel-Conrat, 
C. A. Knight and Wendell M. Stanley
observes that simple viruses such as 
TMV "represent particularly suitable 
objects for the study of the genetic con
trol of protein structure, since they ap
pear to consist exclusively of the genetic 
material (nucleic acid) and the char
acteristic protein presumably produced 
as a result of the information carried by 
the nucleic acid." The authors have al
ready demonstrated a specific structural 
change in TMV protein resulting from a 
genetic mutation. "The next step," they 
say, "will be to relate the structure of 
viral nucleic acid to its specific protein 
in a point-to-point manner." 

The Comet Did It 

I llvestigators in the U.S.S.R. have 
come up with a new solution to an 

old geophysical mystery: What hap
pened in the Tungus forest in Siberia 
on the night of June 30, 1908? The facts 
are that something exploded there, level
ing many square miles of trees and 
knocking down people more than 30 
miles away. At the same time the night 
sky glowed brightly over a large part 
of the Northern Hemisphere. 

For years the explosion has been at
tributed to a great "Tungus meteorite." 
Yet no one has found a crater in the 
area, or any meteoritic material. Last 
year the Soviet press published specula
tions, based on the supposed discovery 
of high radioactivity in the area by an 
expedition of amateurs, that the me
teorite was an atomic-powered space 
ship. This publicity precipitated a new 
inquiry into the matter by the Commit
tee on Meteorites of the Academy of 
Sciences of the U.S.S.R. The Committee 
now reports that there is no unusual 
radioactivity in the area and no mete
oritic fragments. 

According to Vasily C. Fesenkov, 
chairman of the Committee, the evi
dence indicates that the body which 
felled the trees was almost certainly a 
comet. In a summary prepared for The 
New York Times, Fesenkov said that 
the object approached from a direction 
opposite that of the earth's motion 
around the sun. Comets sometimes move 
in such a direction, but meteorites always 
travel in the direction of the planetary 
orbits. Moreover, the pattern of damage 
indicates an explosion hundreds of feet 
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Engineers 
Mathematicians 
Physicists 

IS YOUR PROFESSIONAL APPLICATION 

Immediate 
Dyna-Soar and 
Minuteman 

• openIngs 
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Imaginative, technically creative engineers 

and scientists interested in participating 

in the advancement of space-age technologies 

will find unique opportunities at Boeing. 

Such advanced weapon systems at 

Boeing as Minuteman, and the Dyna-Soar 

boost-glide vehicle, offer challenging -

and deeply rewarding - assignments in a 

broad spectrum of professional disciplines. 

FORM . • .  FILL IN AND MAIL TODAY 

There are openings at Boeing, now, in your 

area of interest, and at the level you 

require for satisfaction and advancement. 

We'd like to discuss these assignments 

in the light of your career plans. To 

expedite this discussion, we invite you to 

fill in and mail the professional 

application form at the right. 

RETURN TO: MR. W. B. EVANS 

AERO·SPACE DIVISION 
BOEING 

P. O. BOX 3707· STC 
SEATTLE 24, WASHINGTON 

PROFESSIONAL POSITION APPLICATION 

(All replies held in strict confidence) 

Date of this Application ___________ _ 

Name _________________ _ 
LAST FI RST MIDDLE (USE NO INITIALSl 

Social Security No. ____________ _ 

Present Address, _____________ _ 

NO. STREET 

CITY ZONE STATE 

Telephone No. ______________ _ 

Hl. ___ Wl. ___ Age ___ U.S. Citizen __ _ 

Male ___ Female ___ Marita I Status ____ _ 

No. of Children ____ Other Dependents ___ _ 

U.S. Veteran ___ Entry Date _______ _ 

Discharge Date ______________ _ 

Type of Discharge _____________ . 

Spouse's Maiden Name ___________ _ 

Employer ________________ _ 

Previous Boeing Employee? __________ _ 

If the answer to following three questions is "yes," explain 

on supplementary sheet: 

1) Have you any physical defects? ______ _ 

2) Have you ever been arrested (except traffic and 

juvenile) ? ____________ _ 

3) Have you ever received disability or accident com-

pensation? _____________ _ 

TURN PAGE" 
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HIGHER EDUCATION 

ColleJ!;e and Location 
Degree and Major 

1. --
-------------i---!-----2. __________ -' ___ '-------__ _ 

EMPLOYMENT HISTORY 

Firm Narne ami Address 
Base Pay IDatesEmployed 40 hr jWk Month/Year 

1. ___________________________________________ -'-___________ j _____________ _ 
Position & Dutil's 

2 .. ___________________________________________ j ___________ -'-_____________ _ 
Position & Duties 

3 .. _______________ .o __ .o _ .o ___________________ j ____________ l_ .o ____ .o_.o __ 
Position & Duties 

4. ____________________________________________ l ___________ J ______________ . 
Position & Duties 

REFERENCES. Give full names, occupations and addresses., 

Professional (previous supervisor preferred): 

1. _________________ _ 

2. ___________________ _ 

Character (other than relatives or former employers) : 

1. _________________ _ 

2. ___________________ _ 

LIST TYPE OF WORK PREFERRED UPON 

EMPLOYMENT: 

Have you ever been cleared for classified military informa-

tion? . If yes, give date, level and company. 

May we contact your former and present employer prior to 

completion of employment negotiations? Yes __ No __ 

If "yes", I authorize, without liability, the release of all 

employment and personal information. 
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SIGN YOUR NAME HERE 

RETURN TO: MR. W. B. EVANS 
AERO-SPACE DIVISION 

BOEING 
P. O. BOX 3707· STC 

SEATTLE 24, WASHINGTON 

I 

Fly casting on Skykomish River near Seattle 

Matching the career advantages at Boeing are the family living 
advantages of the Pacific Northwest. This uncongested, evergreen 
area is famous for its mild year-round climate and its unexcelled 
recreation facilities. Snow-capped ranges, sparkling mountain 
streams, lakes, forested camping and park areas are within minutes 
of Seattle. 

Sailing on 23-mile Lake Washington in Seattle 

Seattle has the highest per-capita boat ownership in the country. 
Lake Washington, above, and other lakes are in the city. Seattle, 
in addition, is located on Puget Sound, which offers hundreds of 
miles of protected salt water for sailing, cruising, fishing. The 
Seattle area is famous, too, for fine modern homes, excellen t 
educational and cultural institutions, and healthful outdoor West· 
ern living for the whole family. 
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above the ground-a likely outcome for 
a body composed of dust and frozen 
gases, as comets are, but not for a me
teorite of stone or iron. Finally, the ex
tensive nightglow could have been 
caused by the dispersion of cometary 
material in the atmosphere. Taken alto
gether, the facts suggest the explosion of 
a comet several miles in diameter and 
weighing about a million tons. 

Man-Made ACTH 

A compound with the full biological 
activity of ACTH, the hormone that 

is excreted by the pituitary gland and 
controls the production of cortisone in 
the adrenal glands, has been synthesized 
by a team of University of Pittsburgh 
chemists headed by Klaus H. Hofmann. 
The new substance is a chain of 23 
amino acid units, and is the largest pro
tein-like molecule yet synthesized. Pre
vious studies had indicated that 24 of the 
39 amino acid units in the pituitary hor
mone are essential to its biological ac
tivity; this is the first time the full effects 
of ACTH have been obtained with fewer 
amino acid units. Hofmann-a German
born, Swiss-trained organic chemist who 
came to the U. S. before World War II  
-and his colleagues have worked on the 
synthesis of ACTH for seven years. 

About a week before the announce
ment by Hofmann's group, Choh Hao Li 
and his co-workers at the University of 
California reported that they had pre
pared a compound containing 19 of the 
amino acid units in ACTH. In tests on 
animals it exhibited only one third the 
activity of the natural hormone. 

Tolerant Cheek 

A group of investigators at the Wis-
tar Institute of Anatomy and Biol

ogy in Philadelphia has found an ex
planation for a strange immunological 
puzzle; the abili ty of foreign tissue to 
survive when grafted into the cheek 
pouch of the Syrian hamster. Ordinarily 
tissue cannot be transplanted from one 
animal or individual to another. Yet the 
culture of human cancers and numerous 
other tissues by transplantation into the 
hamster cheek-pouch is an established 
laboratory procedure. The rest of the 
hamster's body does not show this 
unique tolerance to grafts. 

At the annual meeting of the National 
Academy of Sciences, held in Philadel
phia, R. E. Billingham reported that 
he and his associates have found an un
usual layer of mucilaginous connective 
tissue under the skin of the pouch. If 

taking the 

overload off 

The trouble with using fuses to protect 
transistors from short period overloads or 
fault currents is simple: the transistor is 
by far the better (and faster) fuse. It can 
also be called too much "thermal inertia" 
on the part of the fuse, but the transistor 
still ends up the same way. 

As fate * would have it, a prominent 
relay manufacturer has now come to the 
rescue. We've devised a simple little 3-
terminal device that will prevent destruc
tion of transistors by DC overloads. It's 
working in customers' equipment, and 

operates in 1 to 5 milliseconds 
limits the transient, with a com
plete short circuit, to a maxi
mum of 5 times the set value 
interrupts currents up to 5 
amperes 
can be reset (locally or remotely) 
or designed to cycle 

operates within + 20% of its 
set point 
doesn't cost all outdoors 

You do have to allow for the resist
ance this overload protector introduces 
into the circuit, but it's in the order of 
1 to 5 ohms and the voltage drop is a 

few millivolts, less than one-tenth the 
voltage drop of the conventional circuit 
breaker. 

To those who might question the 
economics of spending more than the 
transistor's cost just to protect it, keep 
the alternatives in mind. If the burned 
out transistor(s) lets a machine produce 
a carload of 4-foot yardsticks or causes 
a few hours of expensive down time, the 
protection is cheap. (Ever rented a 
computer?) 

will operate a local or remote If you'd like some block diagrams of 
warning light, buzzer, etc. typical uses and an assortment of repre-
can be supplied in a wide vari- sentative values and ratings, write to us, 
ety of set points care of our Current Fault Division. 

*and our New Business Program 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl Street, So. Braintree 85, Mass. 
AN AFFILIATE OP THE FISHER-PIERCE CO. 
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how to capture a bat - underwater 

- with a PI tape recorder 

4'1;.. To satisfy a yen for sea food, a particularly interesting member 

of the bat family catches fresh fish by reaching beneath the sur

face. In studying these bat s, Harvard Professor Donald R. Griffin captures 

the bat's "radar" with a microphone in the air and a hydrophone in the 

water. The pulses of sound are recorded on alternate channels of a PI 

tape recorder, and played back at reduced speeds so that the original 

frequencies, 15 to 200 kilocycles, become audible. 

In other studies, Professor Griffin has captured bat sounds in stereo_ Using 

a pair of microphones located at different points, he has recorded and 

measured the arrival time of sound pulses to determine the bat's changing 

position with respect to the two microphones. 

for capturing bat sounds and other dynamic phenomena for conversion to 

electrical form, PI recorders offer a number of distinct advantages over 

conventional instrumentation magnetic tape recorders. A brief note from 

you will capture the details. �I PRECISION INSTRUMENT COMPANY 
1011 Commercial Street • San Carlos • California 

Phone LYtell 1-4441 • TWX: SCAR BEL 30 

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 

the layer, or pouch skin containing the 
layer, is transplanted to another part 
of the animal's body, skin or other tis
sues grafted over it will survive. Grafts 
survive even in a hole cut down to, but 
not through, the mucilaginous layer. 
Thus the layer suppresses the immuno
logical reactions that normally result in 
the rejection of a graft. Other experi
ments indicate that it does so by pre
venting antigens from leaking into the 
host animal and precipitating the forma
tion of antibodies against the graft. 

Billingham does not know whether 
the unusual properties of the pouch, 
which the animal uses for storing food, 
have a special adaptive value for the 
hamster or are merely an evolutionary 
quirk. However, study of the pouch may 
shed light not only on transplantation 
but also on such problems as why a 
mother does not ordinarily form anti
bodies against her unborn child-an im
munological "stranger" to her. Perhaps 
the fetus is protected, Billingham sug
gests, by some mechanism that prevents 
fetal antigens from escaping into the 
mother's system and provoking anti
bodies that would destroy the child. 

E lectroshaping 

A new process that uses electric cur
rent as a "cutting tool" has been de

veloped at the Battelle Memorial Insti
tute for forming complex shapes of 
metals that are hard to machine. 

The process is carried out in an elec
trolytic cell in which the die or template 
serves as the negative electrode and the 
piece to be shaped as the positive elec
trode. The two are placed very close 
together and the electrolyte between 
them is pumped through the cell at a 
rapid rate. Any lump or projection on 
the negative electrode produces a cor
responding hollow in the part of the 
positive electrode opposite it. The metal 
that is removed is not deposited on the 
negative die, but is carried away in the 
flowing electrolyte. 

The method is well suited to process
ing hard metals and metals easily dam
aged by the heat generated in conven
tional machining. Parts only a few thou
sandths of an inch thick are easily elec
troshaped to very close tolerances. Op
erating at currents up to 1,500 amperes 
per square inch, electroshaping is a quick 
process. Since there is no wear on the 
negative-electrode dies and no deposit 
of metal, they can be re-used indefinitely. 

The Steel Improvement and Forge 
Company of Cleveland, the firm for 
which Battelle developed the method, 
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might 
and 
micro-components 

Since the development of the tiny transistor twelve years ago, defense systems have constantly required greater 

miniaturization, higher reliability and lower costs. To answer this pressing need, Transitron has introduced a new line 

of micro·components more than ten times smaller than their predecessors. Now available, and already in service 

in missiles and satellites, these min.ute semiconductors are daily increasing the success of our missiie 

and space programs. Transitron produces a broader line of high-quality semiconductors for more 

diverse applications, than any other manufacturer - still another reason why ... 

wherever there's electronics ... there's Iro nsitron 
T R A NS ISTORS, DIODES, R EC TIFIERS, SWI T CHES, REGULATORS, REFERENCES, ENCAPSUL A TIONS, T HERMOELECTRICS 

TRANSITRON electronic corporation • wakefield, melrose, boston, mass . • sales offices in principal cities throughout the U.S.A. and Europe . cable address; TRELCO 
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'.���,1��� 
HIGH 
CONFIDENCE 
FACTOR 

NEW DONNER SOLID STATE OPERATIONAL AMPLIFIER OFFERS 
RUGGED ENVIRONMENTAL RELIABILITY 

Using silicon transistors and semi-conductors throughout, 
Donner's new Model 3801 operational amplifier provides high 
gain, wide bandwidth and chopper stabilization paths over a 
broad range of ambient conditions. In standard form, the Model 
3801 will operate reliably from O°C to +55°C in relative 
humidity of 95 %. Special versions have been made for tem
perature ranges as wide as -lOoC to + 80°C. The amplifier 
will withstand shock of 30 g and meet all specifications to an 
altitude of 50,000 feet. 

Originally developed, used, and tested in critical missile appli
cations, the amplifier is available as an off-the-shelf item at 
regular stock prices. This amplifier has found acceptance wher
ever reliability and minimum size and volume are important 
considerations. The standard version weighs 3 ounces and 
possesses external dimensions of 3% inches long by 2Y<1 inches 
wide by 112 inch thick. A hermetically sealed version which 
occupies only 2 cubic inches is also available. 

Companion to the Model 3801 is the Model 3805 Power Supply 
capable of furnishing all power for 10 Model 3801 amplifiers. 

Complete information on the Model 3801 Solid State Amplifier 
is ready now. Call your nearby Donner engineering represent
ative or write Dept. 99. 

BRIEF SPECIFICATIONS 
OUTPUT: ±10 volts at 4 milliamps load; ±20 volts at 2 milliamps load. TOTAL DC GAIN: In excess 
of 250,000. FREQUENCY RESPONSE: dc to 200 kcs. DRIFT REFERRED TO INPUT: 1 millivol1/30'C 
change; 'h millivolt/24 hours with constant temperature. JUNCTION CURRENT: 2 x 10" amperes 
for full output. POWER REQUIREMENTS: (Operates from Model 3805 Power Supply) ±22'h volts dc 
(8 rna maximum drain) and 12 volts peak-to-peak center tapped, 400 cps (2 rna maximum drain). 
PRICE: $400.00. Quantity discounts available. 

DONNER SCIENTIFIC A Subsidiary of COMPANY Systron-Donner Corporation 
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is already applying it in the production 
of jet-engine turbine blades. 

Tree Medicine 

The first chemical treatment for a 
disease of trees that is cheap and 

effective enough to use on entire timber 
forests was announced last month at a 
meeting of the Society of American 
Foresters in Washington, D. C. Homer J. 
Hartman of the U. S. Forest Service told 
the meeting that cycloheximide, an an
tibiotic originally discovered in 1946, 
can control blister rust, a fungus infec
tion of the western white pine. In re
cent years a cycloheximide spray eradi
cated the disease in large stands of 
white pine, at a cost of a few cents a 
tree. Many infected trees were saved, 
and the spread of the blight was ar
rested. By 1970, Hartman estimated, it 
should be possible to protect all com
mercial stands in the tree's principal 
growing area-northern Idaho and 
neighboring parts of Washington and 
Montana-exclusively through the use 
of the antibiotic. Other reports indicate 
that cycloheximide is also effective 
against blister rust of the sugar pine and 
against related fungus diseases of the 
Douglas fir and such valuable southern 
species as the jack pine. 

Graphic Stutter 

A decade ago investigators of speech 
hit upon the device of recording 

speech on tape and playing it back in 
such a way that the speaker heard his 
voice a fraction of a second after he had 
actually uttered each sound. The re
sults were a striking demonstration of 
the extent to which a person depends on 
hearing his voice in order to monitor 
his speech; individuals subjected to the 
arrangement stuttered badly, and often 
showed more extreme signs of stress. 

Tape recorders designed to register the 
video signals of television have now 
made it possible to do the same with 
sight. With the aid of a video recorder 
and associated television gear, William 
M. Smith and his colleagues at Dart
mouth College and the University of 
Wisconsin set up an experiment in which 
two volunteers were called upon to per
form a variety of tasks without being 
able to see what they were doing except 
as shown, after a delay of just over 
half a second, on the television screen. 

The subjects were set such tasks as 
tracing a maze or drawing simple geo
metric figures. When they could see 
what they were doing on the screen 
without any delay, both did quite well. 
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ANACONDA uses covering of 

TENITE 
POLYETHYLENE 

for this lightweight, durable line wire ... 

By covering this ACSR line wire with Tenite Polyethylene, Ana
conda meets the needs of both lineman and engineer. 

To the lineman, this covering means wire that is especially 
easy to handle-light in weight, fast stripping and flexible even at 
low temperatures. Its sleek finish creates no pulling problems. 

The engineer appreciates its resistance to weather, abrasion 

and heat, its good dielectric strength and freedom from festoon

ing. With insulation of tough Tenite Polyethylene, a smaller di<;xm

eter is made possible which offers less area for wind resistance 

and ice loading. Also, the lighter cable permits wider pole spans. 

Tenite Polyethylene, an Eastman plastic, is easily extruded as 

jacketing or primary insulation for many diverse applications, 

from coaxials to control cables, from TV lead-ins to telephone 

wires. For high-frequency service, where a very low dielectric 

constant is needed, this versatile material may be "foamed," with 

a resulting dielectric constant as low as 1.5. 
Leading wire and cable manufacturers throughout the country 

are now using Tenite Polyethylene as jacketing and insulating 

material. For further information, write EASTMAN CHEMICAL 

PRODUCTS, INC., subsidiary of Eastman Kodak Company, 

KINGSPORT, TENNESSEE. 

POLYETHYLENE 
all EastmaIl plastic 

• Line wire manufactured by Anaconda Wire and Cable Com

pany, 25 Broadway, New York 4, N. Y. Covering extruded of 

Tenite Polyethylene . 

• Both natural and black electrical grade Tenite Polyethylene are 

available to cable manufacturers in a unique spherical pellet 

form which flows freely in the extrusion process and in "air

veying" of bulk shipments from truck to bin. 
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IF PHENOLICS CAN DO IT PLENCO CAN PROVIDE IT-AND DOES-FOR WESTINGHOUSE AIR BRAKE 

PLEN�C> 
PHENOLIC MOLDING COMPOUNDS 

When a freight car stops, many cargo-tons must 
be stopped with it . . .  more today than ever before. 
Modern freight trains are longer, the engines more 
powerful; speeds are higher ... All this calls for more 
effective methods of retardation control-a better brake. 

"AB" freight car brake -equipment developed by 
Air Brake Division, Westinghouse Air Brake Co., 
Wilmerding, Pa., has kept pace with such railroad
ing progress through the years. Today's "AB" 
equipment provides for smoother train slack control. 
Damaging shocks are prevented with emergency 
transmission approximately 40% faster than with 
former standard equipment. 

At the heart of this modern brake-power is the 

"AB" Valve. And within the valve-the pistons. 
Because these pistons must work smoothly at all 
times, Air Brake Division engineers use piston 
bushings molded of Plenco phenolics. The Plenco 
phenolic molding compound specified by Air Brake 
Division possesses low and uniform anti-friction 
characteristics together with dimensional stability. 
It insures resistance to impact from piston "jog
gling" that would tend to cause bush grooving. 

Piston bushings are, of course, a special kind of 
problem. Your problem or product surely has its 
own requirements. Special or not, if they call for 
understanding attention, broad experience with 
many industries, and ready availability of an ex
tensive selection of general and special-purpose 
phenolic molding compounds-call on Plenco. 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 

Serving the plastiCS industry in the manufacture of 
high grade phenolic molding compounds, industrial resins and coating resins 
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When the time delay was introduced, 
they required two to seven times as long 
to complete the task. The quality of the 
drawings fell off drastically; several 
were unrecognizable. Other tests called 
for writing three- and four-letter words 
and nonsense syllables. The time de
lay brought about not only a marked 
slowing down and deterioration in hand
writing, but also numerous errors in 
spelling. By far the most frequent er
rors were the duplication and insertion 
of extra letters. Without prompt visual 
feedback to guide them, as Smith and his 
colleagues observed in Science, the sub
jects fell victim to "graphic stammering 
and stuttering." 

Shuttling Ghosts 

A rtificial earth satellites leave a wake 
11 of ionized clouds that appear to 
shuttle back and forth between the 
Northern and Southern hemispheres. 
After Sputnik I was launched observers 
in the U. S. noticed an increase in the 
strength of radio signals from distant 
ground-transmitters as the satellite 
passed through the northern auroral 
zone. The effect was attributed to the 
reflecting properties of clouds of ions 
formed when the satellite crashed 
through curtains of electrified particles 
in the auroral zone and the fringes of 
the inner Van Allen belt. 

The expected effect on ground-sta
tion radio signals was also noted when 
Sputnik III-launched in May, 1958-
penetrated the northern auroral zone 
on orbits near the Ohio State University 
Radio Observatory. On passes during 
January and February, 1959, however, 
John D. Kraus and his associates de
tected a similar but smaller effect on 
signals from WWV, the National Bu
reau of Standards station near Wash
ington, D.C., when the satellite was 
over the Southern Hemisphere. The ef
fect was observed again on later passes. 

In Proceedings of the Institute of 
Radio Engineers Kraus advanced two 

possible explanations for the signal rein
forcement while Sputnik III was in the 
Southern Hemisphere. One is that the 
radio signals traveled to the Southern 
Hemisphere and were reflected back 
from the ion cloud around the satellite. 
The other postulates that the cloud it
self was detached from the satellite and 
shuttled back and forth between hemi
spheres along lines of force of the 
earth's magnetic field. Careful calcula
tion of Sputnik Ill's position during 
Southern Hemisphere passes, Kraus re
ports, makes the "ghosts" a more likely 
source of the signal reflections. 
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Bell's HIgh PERformance NAvigation �ystem - symbolized. 

HIPERNAS! 

It can pinpoint a long-range missile on target. Guide a 
satellite or space ship to any point in the universe. 
Regulate the predetermined course of a surface vessel 
or submarine to any spot on the seven seas - by any 
route, however circuitous. 
In manned vehicles, it will give exact position - even 
without an atmosphere - independent of gravity, sea, 
wind, and weather conditions - without fixes on hori
zon or stars - after days and weeks of travel. 
This is Hipernas, a self-compensating, pure inertial 
guidance system developed by Bell's Avionics Division. 
Designed for the U.S. Air Force, Hipernas is so versa-

tile that a whole family of related systems has been 
engineered for application in any environment - sea, 
sky, or space. 
The system introduces new Bell BRIG gyros. Its 
accelerometers and digital velocity meters are already 
operational in missile and space guidance systems. 
Hipernas - and many other systems such as the Air 
Force GSN-5 and the Navy's SPN-lO All-Weather 
Automatic Landing Systems - typify Bell's capabil
ities in the broad field of electronics. This diversity of 
activities offers an interesting personal future to qual
ified engineers and scientists. 

BELL AEROSYSTEMS COMPANY 

BUFFALO 5, N. Y. 
DIVISION OF BELL AEROSPACE CORPORATION 

A TEXTRON COMPANY 
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Opportunity report from General Mills Industrial Group 

Satellite model showing telescopes and solar shield. 

Aberrascope Test of General Theory of Relativity 
Albert Einstein proposed three methods of test

ing his general theory of relativity: measurement 
of the advancement of the perihelion of Mercury, 

the gravitational shift of spectral lines [1], and 

the deflection of starlight passing close to the 
sun. Measurement of starlight deflection has pre
viously been conducted during a solar eclipse ... 

with many attendant difficulties. A recent pro
posal would utilize a satellite-borne Stellar 
Aberrascope [2] to measure this deflection. Ac

curacy of 0.01 secor.ds of arc appears feasible. 

The General Mills Stellar Aberrascope measures 

the change in the relative positions of two nearly 

diametrically opposite stars, one of which is close 
to the sun. Accuracy of this system can be 

achieved in a satellite environment by virtually 
eliminating instrument alignment errors and 

through independent determination of the 

"scale" of the effect. 

[1) "The Mossbauer Effect," Sergio De Benedetti, Scientific 
American, April, 1960. 

[2] "Test of Theory of Relativity by Measurement of 
Gravitational Light Deflection," R. L. Lillestrand, 
General Mills, presented at the American Astronautical 
Society, New York, January 18, 1960. 

GUIDANCE & 
NAVIGATION 
LABORATORY 
MECHANICAL DIVISION, 
Minneapolis 1 3 ,  Minnesota 

-:::I , 
I 

-
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-Basic Research extended to 
JIlicroscopic investigation of 
dynaJllic electrical and 
JIlagnetic behavior patterns 

This photograph depicts stray magnetic fields on the 
grain boundaries of a piece of magnetic material. The 
electron mirror microscope developed at General Mills 
now permits direct visual observation of phenomena 
that were previously known only by inference. This 
unique microscope not only reveals static electric and 
magnetic patterns, but allows observation of dynamic 
reactions such as the strangely moving and changing 
electrical charge patterns or magnetic domains set in 
motion by mechanical strain or applied magnetic fields. 
This remarkable research tool promises to enrich man's 
understanding of surface physics. 

G E N E RA L  M I LL S  R E S E A R C H  D E PA RT M E N T  

MECHANICAL DIVISION, MINNEA POLIS 1 3 , MINNESOTA 

Keeping "Blue Angels" up in the blue 

High speed air erosion and the corrosive action of 
spilled fuels constantly battle the skin surfaces of jet 
aircraft. A tough and tenacious coating formulated from 
General M ills Versamid polyamide resins is used to 
protect the Grumman jets (being flown at right by the 
famous U. S. Navy "Blue Angel" flying aerobatic 
team) . Versamids are tough, yet flexible. These resins 
can withstand severe corrosive action, abrasion and 
direct blows without chipping or peeling. Get all the 
facts! Write: 

G E N E RA L  M I LLS V E R SA M I D  P O LYA M I D E  R E S I N S  

CHEMICAL DIVISION, KANKAKEE, ILLINOIS 

Photo s u p p l i ed  by U. S.  Naval A i r  Stat ion ,  M i n neapo l i s  

COlllponent versatility provides 
new digital cOlllputer econolllY 

C o mputation? System analysis? System control? 
General Mills custom designs and builds transistorized 
computers for all applications. Computers are construct
ed in exceptionally short time and at low development 
cost from a complete line of logic and memory circuits. 
They can be built to meet your environmental needs 
too, from arctic to tropical temperatures and in mobile or 
fixed installations. General Mills' computers are sup
ported by an assortment of peripheral equipment in
cluding tape readers and punches, magnetic tape 
memory systems and digital displays. Application of a 
computer to system control problems is simplified by 
General Mills' multi-channel analog-to-digital data con
verter. Interested? Investigate computer capabilities at 
General Mills. 

G E N E RA L  M I L L S  
D I G ITAL C O M P U T E R  L A B O RATO RY 

MECHANICAL DIVISION, M I NNEAPOLIS 1 3 ,  M INNESOTA 

New ways to better profits through research at . . .  
I N D U S T R I A L  G R O U P 
� MECHANICAL DIVISION � CH E M ICAL DIVISION 

§ S PECIAL COM MODITIES DIVISION Cl) OILSEEDS DIVISION 
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GLASS 
An ancient substance of steadily -widening utility, it is still poorly 

understood. It may be regarded as both an undercooled liquid 

and as an inorganic polymer with a highly cross-linked structure 

It does no harm to be reminded occa
sionally that modern technologies 
still contain large elements of em

piricism. It can be stated almost as a 
rule that the more ancient the art the 
greater the empirical content. Two of 
the oldest manufacturing arts are prob
ably metallurgy and glassmaking, both 
dating back to <..t least 3000 B.C.  Of the 
t�o there can be little question that 
glassmaking still contains the higher 
ratio of art to science. 

That this should be so presents some
thing of a paradox, for glass has been 
the versatile handmaiden of scientific 
inquiry ever siJice the time of Galileo. 
Until very recently glass, in microscopes 
and in telescopes, offered man his only 
access to objects too small or too distant 
to be seen with the unaided eye. Shaped 
into laboratory apparatus, glass has 
been indispensable to generations of 
chemists, physicists and biologists. Even 
the modem laboratory or the modem 
radio observatory, filled with electronic 
equipment, would be crippled without 
glass. (Vacuum tubes are still with us 
and many transistors are sealed in glass.) 
Yet the atomic structure of glass itself is 
known only in a general way, and there 
is still much controversy over details. 

It is easy to excuse our ignorance 
by saying that glass, being a supercooled 
liquid, shares with liquids a random 
and irregular, though coherent, struc
ture that is extraordinarily difficult to 
analyze. But the excuse is not very con
vincing. If as much research had been 
focused on the glassy state as on the 
solid state in the past dozen years, we 
would probably now have most of the 
answers we seek. Glass has not received 
corresponding attention, it seems reason
able to guess, because neither govern
ment nor industry (with the exception of 
a very few companies) can imagine that 
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by Charles H. Greene 

intensive study of glass will repay the 
cost of the effort. The art of glassmaking 
has been so successful with so little sci
entific underpinning that it is not obvi
ous how greater understanding would 
dramatically improve the technology. 
Almost certainly the future will show 
this complacency to be mistaken. 

Crystals and Glasses 

The present-day understanding of 
glass rests heavily on a single lucid pa
per, only 12 pages long, written in 1932 
by William H. Zachariasen, then a 26-
year-old associate professor of physics 
at the University of Chicago. Zachari
asen's "model" of glass structure ranks 
with the model of organic polymer struc
tures proposed by Hermann Staudinger 
of Germany only a few years earlier. 
And, as we shall see, glasses and organic 
polymers-which include all the prod
ucts of the plastics industry-have a great 
deal in common, even though glassmak
ers view plastics disdainfully. 

Before describing Zachariasen's mod
el, we should define the word glass. This 
is not quite so easy as it may seem. 
(For example, the Terminology Com
mission of the Soviet Academy of Sci
ences, which is greatly concerned with 
glass theory, reported recently that it 
was not able to agree on a definition.) 
Broadly speaking, however, all solids 
can be classified into two groups: crys
talline and amorphous. In crystals the 
constituent atoms are locked into sym
metrical and repeating patterns. Crys
tals have a sharp melting point and tend 
to cleave in preferred directions. Amor
phous solids show none of these proper
ties. The glassy state is a subcategory 
of the amorphous state; not all amor
phous solids are glasses. The term glass 
refers to amorphous solids that may be 

melted to viscous liquids by heating and 
then converted again to the solid state 
by cooling without crystallization. (In 
actual glassmaking, crystallization some
times occurs and ruins the melt.) While 
many substances, both inorganic and 
organic (e.g., sugars and certain alco
hols) , will pass into the glassy state, the 
term glass itself is commonly applied 
only to inorganic solids, typically those 
that remain solid even at relatively high 
temperatures. 

Thus George W. Morey of the Geo
physical Laboratory of the Carnegie In
stitution of Washington defines glass as 
"an inorganic substance in a condition 
which is continuous with, and analogous 
to, the liquid state of that substance, but 

_ which, as a result of a reversible change 
in viscosity during cooling, has attained 
so high a degree of viscosity as to be for 
all practical purposes rigid." 

The differences in atomic structure 
between glasses and crystals can be 
readily demonstrated by X-ray diffrac
tion. Monochromatic X-rays are reflected 
from the regular atomic arrays in crys
tals only at definite sharply defined 
angles. Thus, a sample consisting of a 
powdered crystalline substance will pro
duce a diffraction pattern consisting of 
sharp concentric rings when struck by 
a beam of X-rays. Crystallographers can 
calculate back from the X-ray patterns 
to the spacings of atoms that produce 
them. 

When X-rays are diffracted by glass, 
however, the pattern consists of a few 
concentric rings, which are fuzzy and 
diffuse much like those made by a 
liquid. This pattern gives only a little 
information on the average distance 
between close neighbors among the 
atoms in the glass and shows that there 
is no order or symmetry beyond a few 
atomic diameters. 
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Before Zachariasen's work glass ex
perts generally regarded glass as a 
supercooled solution of various silicate 
molecules in silica. In 192 1 A. A. Lebe
dev, now a Soviet Academician, pro
posed the theory that glass might consist 
of a mass of very tiny crystals called 
crystallites. In silicate glasses these 
were supposed to be quartz, and they 
presumably accounted for changes in 
the behavior of glass in the region be
tween 500 and 600 degrees centigrade 
where quartz undergoes a change of 
habit from low or alpha quartz to beta 
quartz. This crystallite theory of glass 
structure has been strongly supported 
by Russian investigators who believe 
that the crystallites may include other 
forms of silica such as tridymite and 
cristobalite [see illustTations at top of 
next two pages]. 

There was one major defect in the 
crystallite hypothesis: it did not account 
for the properties of glass. One of the 
most striking properties of glass, es
pecially of pure silica glass, is its low 
coefficient of expansion. Whereas crys
talline silica will expand along one of 
its crystal axes almost as much as steel 
when heated, silica glass will expand 
only about a twentieth as much. More
over the crystallite hypothesis fails to 
explain why the density of silica glass 
is about 10 per cent less than that of 
cristobalite. 

In his 1932 paper Zachariasen pro
posed a radically different hypothesis 
of glass structure. He suggested that 
glass is composed of three-dimensional 
random networks of alternate atoms of 
silicon and oxygen joined in long and 
cross-linked chains. He proposed, in 
short, that glass is an inorganic polymer. 
As in crystalline silica, the basic struc
tural unit is a tetrahedron of one silicon 
atom surrounded by four oxygen atoms. 
Zachariasen visualized that the glass 
polymer is formed by having the tetra
hedrons share corners, or oxygen atoms, 
just as they do when they form crys
talline silica. The difference is that in 
glass the resulting network is a random 
one. "If we make use of crystal struc
ture terminology," he wrote, "we may 
say that the network in glass is char-

PURE SIL I CA MIRROR for balloon-borne 

telescope is the largest optical piece ever 

made of this intractable material. The mir

ror blank was formed by Corning Glass 

Works and optically ground by Perkin

Elmer. Carried to an altitude of 80,000 feet 

in Project Stratoscope II, the mirror will be 

utilized to make photographs of the sun. 
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LOW QUARTZ of ordinary sand used in glassmaking has a spiral 

crystal structure. Large halls represent oxygen atoms; small 

ones, silicon atoms. The basic building block is a tetrahedron of one 

silicon and four oxygens. The crystal has hexagonal symmetry. 

BETA QUARTZ arises from low quartz at 573 degrees centi· 

grade as spirals are shaken out of the structure. A unit cell of 

quartz is either a whole hexagon or the third enclosed by a rhom· 

bus. Either atomic grouping, if repeated, will form a crystal. 

acterized by an infinitely large unit cell 
containing an infinite number of atoms. 
Because of the lack of periodicity no 
two atoms are structurally equivalent, 
while in a crystal lattice like that of 
sodium chloride all the sodium atoms 
are equivalent and all the chlorine 
atoms." 

This asymmetry, Zachariasen be
lieved, would explain why glasses soften 
gradually rather than melt abruptly. 
Each atom in a glass will have bonds 

slightly different in strength from those 
of every other atom; each will therefore 
absorb a different amount of energy 
before becoming detached. On heating, 
the atoms become detached over a rather 
broad range of temperatures; the break
down of the glass network is therefore 
continuous rather than abrupt. 

While Zachariasen did not offer an ex
planation for the low expansion coeffi
cient of silica glass, the explanation was 
implicit in his concept of a random net-

work (as others later pointed out) . One 
can assume that when crystalline silica 
is heated, expansion may arise from two 
processes: a change in interatomic dis
tances, or a change in the angle of the 
bonds linking silicon to oxygen. Because 
the silicon·oxygen bond is very strong, 
it is likely that bond-angle changes are 
the chief source of expansion. In a crys
tal, which has a symmetrical structure, 
the bonds can all change or rotate more 
or less in unison, in what B. E. Warren 

SILICA GLASS, according to theory of W. H. Zachariasen, con

sists of a random network of silica tetrahedra that share oxy

gen atoms at their corners. Silicon atoms (colored halls) of a 

chain of tetrahedra 10 units long appear at upper left. For 

clarity the fourth oxygen atom of each tetrahedron is removed. 

A chain forming two interlocking hexagons appears at far right. 
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BETA TRIDYMITE is a still higher temperature form of silica, 

crystallizing above 870 degrees C. It is shown here from the side 

r"ti,er than in the basal projection of preceding drawings. Broken. 

j iae hexagon is foreshortened; crystal is actually symmetrical. 

HIGH BETA CRISTOBALITE occurs above 1,470 degrees C. Like 

two preceding forms it is not stable at ordinary temperatures. lIs 

"habit" is cubic. The crystallite hypothesis for glass structure 

states that glass is permeated with tiny crystals of cristobalite. 

of the Massachusetts Institute of Tech
nology has called a "co-operative ma
neuver." This could account for consid
erable changes in the external dimen
sions of silica on heating. In the random 
network of silica glass, on the other 
hand, such a maneuver is ruled out, so 
that in the aggregate, bond-rotations 
tend to cancel out internally and thus 
produce relatively little change in ex
ternal dimensions. 

Zacharias en adduced from his model 

a number of successful rules for pre
dicting whether or not a given sub
stance would form a glass. One rule is 
that glass-forming oxides must form 
tetrahedrons or triangles of oxygen 
atoms around the central atom. This rule 
predicts, for example, a triangular ar
rangement of oxygen atoms around 
boron in a glass made from boron ox
ide. This has recently been confirmed 
in nuclear magnetic-resonance studies 
made by Philip J. Bray at Brown Uni-

versity [see illustmtions on next two 
pagesl. Zachariasen also predicted that 
random networks of the sort he pro
posed would have holes in them "excel
lently suited" for holding elements of 
just the type that glassmakers commonly 
add to silica glass to make the glass 
more workable [see illustration below l. 
These elements include sodium, calcium, 
potassium, magnesium and lead. The 
oxygen atoms that are introduced with 
them break the strong network of silicon-

SODA·LIME GLASS, the most commOn commercial type, contains 
,odium atoms ( l ight gray) and calcium atoms (dark gray ) random. 
ly dispersed in holes in the silica network. Soda and lime also pro· 

vide extra oxygens that break tetrahedra chains and make glass easi· 

er to work. These two glass diagrams are based on drawings made 

by Willis G. Lawrence of College of Ceramics at Alfred University. 
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oxygen bonds and lower the softening 
point of the glass . 

theory that glassmaking still remains an 
empirical art. 

and 1959 have yielded two large volumes 
of proceedings, describing glass studies 
made with a wide variety of optical, 
spectroscopic and electrical techniques. 
The two conferences were enlivened by 
sharp debates over structure. Quite a 
few Russian workers still favor Lebe-

While Zachariasen's model has been 
extremely useful, and has been extended 
by a number of workers, it has not yet led 
to quantitative predictions of glass prop
erties. It is for lack of a quantitative 

Judging by recent publications, Rus
sian investigators are devoting much 
more attention to the structure of glass 
than are workers elsewhere. All-Union 
conferences held in Leningrad in 1953 

IN BORON OXIDE GLASS, according to Zachariasen, the boron 

atoms (color) are each bonded to three oxygen atoms, creating 

random networks. In this planar triangular arrangement, boron 1 1  

(tbe most common isotope o f  boron) should respond t o  radio· 

frequency energy in a characteristic way, measurable by nuclear· 

IN SODA BORON OXIDE GLASS, according to B. E. Warren, the 

added sodium (from sodium oxide) enters the glass network as 

ions (large circles), while the added oxygen bonds to boron atoms 
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magnetic·resonance methods. In predicted curve of response v. fre· 

quency (a) Y·Y are distinctive peaks arising from the triply bond· 

ed boron atoms. A response at X would indicate boron bonded to 

four oxygens in a tetrahedral configuration with boron at the center. 

The actual spectrometer tracing ( b )  confirms Zachariasen's concept. 
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(dark color) to form tetrahedra. The actual structure was investi. 

gated by nuclear.magnetic.resonance methods. Tracing for glass of 

zero sodium oxide content (a) shows as before no response at X 
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dev's crystallite hypothesis. In an open
ing statement at the 1959 conference 
Lebedev cited a number of recent find
ings which, he said, "are very inconsis
tent with the concept of glass structure 
as a dreary, uniform, atomic framework 
or as a continuous random network. " 
However, E. A. Porai-Koshits, editor of 
the conference volumes, took the view 
that "further continuation of this almost 
purely terminological argument [over 
structure] is useless. " He proposed as a 
compromise that glass be regarded as 
having a "polymer-crystallite" structure. 

My own view is that there is no funda
mental difference between the crystal
lite theory and the random-network 
theory of glass structure. The fact is that 
the random network in some parts has 
a structure identical with cristobalite; 
in other parts it has the arrangement of 
quartz or tridymite ; and in still other 
parts it is composed of five-membered 
rings and other less symmetrical struc
tures. The results of X-ray-diffraction 
experiments indicate that these regions 
of ordered structure are small, with 
only a few unit cells in each crystallite. 
Possibly the work that J. D. Bernal is 
doing on the structure of liquids will 
contain important ideas for glass the
orists [see "The Structure of Liquids," 
by J. D. Bernal ;  SCIENTIFIC AMERICAN, 
August, 1960]. Eventually such a theory 
should enable us to calculate the prop-
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erties of a glass from its composition 
and temperature history. 

The Glasses of Commerce 

The number of possible glass formulas 
is infinite. The Corning Glass vVorks has 
made up and tested more than 65,000 in 
the last llO years and develops new 
ones at the rate of 30 a day. Glasses in 
regular production incorporate almost 
r.alf the elements in the periodic table. 
But the principal ingredient in the 
eight million tons of glass produced an
nually in the U. S. is silica in the form 
of sand. (The annual glass output, by 
weight, exceeds by 60 per cent that of 
all synthetic polymers, including syn
thetic rubber; it is more than four times 
that of aluminum, and is exceeded 
among metals only by iron and steel.) 

Pure silica glass, as noted earlier, is 
impractical for general use. Not only 
is a very high temperature needed to 
melt silica, but the resulting liquid is too 
viscous to permit bubbles of air trapped 
between grains of sand to escape. Rais
ing the temperatlU'e high enough to low
er the viscosity causes the silica to evap
orate. 

Glassmakers learned centuries ago 
how to solve this problem. They put 
more oxygen atoms into their melts
long before they knew anything about 
oxygen or atoms. The oxygen was usu-
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from tetrahedrally bonded boron atoms. But tetrahedral bonding shows up increasingly in 

subsequent tmcings (b, c and d) for glasses coutaining 5, 16 and 33.3 per cent sodium oxide. 

Work depicted here was done by Philip J. Bray and Arnold H. Silver at Brown University. 

ally added, as it is today, ;n the form of 
metal oxides. These were obtained from 
sodium carbonate (soda ash), calcium 
carbonate (usually limestone) or some
times as the double carbonate of calcium 
and magnesium known as dolomite. Re
gardless of the source, each of the extra 
oxygen atoms breaks a bond between 
silicon and oxygen in the silica network. 
As a result the structure of the silica glass 
is weakened so that it flows more readily. 
Small amounts of other ingredients serve 
other purposes. Alumina helps to pre
vent crystallization or devitrification. 
Borax and barium oxide help in melting 
the sand. Sodium sulfate and arsenic 
oxide help to remove bubbles from the 
viscous glass. 

Glasses to Withstand Heat 

The soda-lime glasses made in huge 
tonnage for bottles and window glass 
have a well-known drawback. They are 
sensitive to thermal shock: they break 
when they are suddenly heated or 
chilled. This is because they have a co
efficient of expansion of about 90 X 10-7 
per degree C., compared to only 5 X 10-7 
for pure silica glass. (A silica-glass rod 
a mile long would lengthen barely a 
millimeter if heated one degree C.) 

About 1910 Corning investigators de
veloped the general family of glasses 
sold under the trademark Pyrex. Some 
of the family have a coefficient of ex
pansion as low as 32 X 10-" about a 
third that of ordinary soda-lime glass. 
The important additive is boron oxide, 
making up about 13 per cent of the for
mula, and the glass is therefore called a 
borosilicate. Its resistance to heat shock 
makes it highly useful for chemical ap
paratus and industrial glassware. It i:; 
also unusually resistant to attack by acids. 

Some of the household top-of-stove 
ware bearing the label Pyrex (e.g., glass 
coffeemakers), are not made from the 
borosilicate formula, but are endowed 
with strength and sl:ock resistance by 
a tempering process. The process is 
also used to toughen some of the window 
glass used in cars and the all-glass doors 
now so common in buildings. To temper 
glass it is heated until it begins to 
soften, and thEn cooled quickly and uni
formly by blowing air on the whole sur
face or by plunging it into a bath of oil 
or molten salt. 

The sudden cooling produces a tem
perature gradient in the plastic glass, the 
whole surface being relatively cold and 
the interior hot. Because the glass is 
somewhat soft and plastic, little or no 
strain is caused by the initial thermal 
contraction of the surface. Eventually 
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the surface of the glass cools to the air 
or bath temperature, forming a rigid 
skin around the still plastic and expand
ed interior mass. Upon further cooling, 
the interior of the glass tries to contract 
but, being bound tightly to the outer 
skin, it cannot shrink as much as it would 
normally. The final result is a glass with 
an interior stretched or in tension, and 
a surface squeezed together or in com
pression. 

When a piece of glass tempered in 
this way is loaded in service, the tensile 
strain in the surface caused by the load, 
which might cause the piece to break, is 
diminished by the compressive strain 
introduced in tempering, so that the net 
strain is insufficient to cause breakage. 
In the interior of the glass, where the 
tensile strain is increased by the temper-

TYPE OF GLASS 

o 
, 

FUSED SILICA 

96 PER CENT SILICA 

BORClS ILiCA TE 

SODA LIME 

ALUMINOSILICATE 

LEf,D TECHNICAL 

FLINT OPTICAL 

RARE EARTH 

ing, the glass has practically unlimited 
strength because no flaws are present. 
The series of photographs on page 102 
shows the stress patterns inside a tem
pered and an untempered glass rod 
when a load is applied. 

The Search for a Pure Silica Glass 

Over the years, in the quest for a heat
stable glass, many laboratories tried to 
find practical ways to produce a pure 
silica glass. As early as 1930 pure 
fused silica was used in special and 
costly technical apparatus. But a major 
step toward practical silica-ware was 
achieved about 1940 by two Corning 
scientists, H. P. Hood and M. E .  
Nordberg. They observed that borosili
cate glasses containing unusually large 

amounts of boron oxide were attacked 
quite badly by dilute acid. They also 
noted that the more carefully the glasses 
were annealed, the more rapidly the 
acid attacked. The glasses, however, did 
not dissolve completely. The acid dis
solved the boron oxide and soda but not 
the silica. 

After lengthy development Hood and 
Nordberg perfected a process in which 
soda and boron oxide are leached from a 
piece of glassware and molded in any 
desired shape, leaving a "skeleton" of 
glassy silica intact. If the piece is then 
heated to about 1,200 degrees C., the 
pores close, making a clear transparent 
glass structure about 14 per cent smaller 
than the original and consisting of more 
than 96 per cent silica. The new glass, 
which Corning calls Vycor, has a ther-

COMPOSITION (PER CENT) 

20 40 60 80 

3, 2, 28, 20, 25.5 

EIGHT TYPES OF GLASS embrace main commercial varieties. 

Except for first two, each type comes in numerous formulations. 

One firm has 65,000 formulas on file. The glassmaker's term "flint" 

connotes a very clear glass and was originally applied to fine English 
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mal expansion only a little greater than 
pure fused silica and about the same elec
trical properties, resistance to chemicals, 
and transparency to ultraviolet light. 

Within the past few years Corning has 
developed a process for making large 
boules, or circular slabs, of essentially 
100 per cent silica. The boules are built 
up of silica condensed from the vapor 
state in a furnace held above 1,000 de
grees C. The photograph on page 93 
shows a 36-inch telescope mirror made 
from the new material. Its extremely low 
thermal expansion makes it admirably 
suited to its job. It will be used to photo
graph the sun from an altitude above 
80,000 feet, in a telescope carried aloft 
by the balloon of Project Stratoscope II. 
Stratoscope I, which used a 12-inch mir
ror of fused silica, produced solar photo-

SOFTENING 

POINT 

(DEGREES C) 

1,640 

1,520 

820 

700 

915 

630 

580 

, 

I 

COEFFICIENT 

OF EXPANSION 

PER DEGREE C 

32/10-7 

92 X 10-7 

42 X 10-7 

89X 10-7 

91 X 10-7 

. -. 

. . . " . . . 

graphs with a sharpness never before 
approached, and the new instrument is 
expected to improve greatly on them. 

When glass is used as a telescope mir
ror we are apt to forget that it is func
tioning purely and simply as a structural 
material. None of its properties of trans
parency or refractivity are being exploit
ed at all. The glass is being used solely 
as a rigid substance, of great heat sta
bility, which can be ground and polished 
to extremely close tolerances. It is there
fore something of an accident that glass 
retains in reflection optics the indispen
sability it achieved in refraction-or 
transmission-optics. 

The Glasses of Optics 

No aspect of glass technology has 

REFRACTIVE 

INDEX 

1.46 

1.46 

1.47 

1.51 

1.53 

1.56 

1.69 

1.85 

USES 

SCIENTIFIC 

AND TECHNICAL 

APPARATUS 

. ... .... -_._- . .  ---- -.... -. . ,, --,,-

WINDOW GLASS, 

CONTAINERS, 

LAMP BULBS 

�.-........ �� ........ --". -

HIGH· TEMPERATURE 
ARTie lES 

STEMS OF 

VACUUM TUBES, 

ELECTRICAL SEALS 

LENSES, 

PRISMS 

called forth greater ingenuity than the 
development of optical glass, dating 
back more than two centuries. Early in
strument makers found that whenever 
they tried to increase the power of their 
telescopes or microscopes by making the 
lenses stronger beyond a certain poin t, 
the resolution became worse rather than 
better because of colored fringes that 
surrounded the images. Believing this 
chromatic aberration to be insurmount
able, Newton invented the reflecting 
telescope. Almost simultaneously, how
ever, English glassmakers made a dis
covery that was to solve the color-fringe 
problem. They discovered the art of 
making lead glass, using litharge (lead 
oxide) and potash (potassium oxide). 
This sparkling heavy glass, which be
came known as English crystal, gave 
new brilliance to tableware and vases. 
Its brilliance came from two properties. 
It could bend light more than ordinary 
soda-lime glass, that is, it had a higher 
refractive index. And it also had a higher 
dispersion or ability to separate different 
wavelengths of light. 

Some 50 years later, in 1757, Chester 
M. Hall and John Dollond combined a 
strong converging lens of soda lime or 
"crown" glass with a weaker diverging 
lens of lead glass in such a way that the 
lead glass lens just overcomes the sepa
ration of colors caused by the crown 
glass without entirely neutralizing its 
power to bring light to a focus. This 

.. SILICA 

_ BORON OXIDE 

� ALUMINUM OXIDE 

l1li SODIUM OXIDE 

� POTASSIUM OXIDE 

CALCIUM OXIDE 

c=J MAGNESIUM OXIDE 

c=J LEAD OXIDE 

� BARIUM OXIDE 

_ BARIUM TUNGSTATE 

_ LANTHANUM OXIDE 

IIDDIIIIII TANTALUM PENTOXIDE 

Cl THORIUM DIOXIDE 

glassware whose formula included powdered flint, a microcrys· 

talline form of quartz. U. S. production of glass last year amount· 

ed to about eight million tons, of which nearly six million tons 

(of the soda·lime variety) went into the making of containers. 
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GLASS COFFEEPOTS are produced at high speed by a macbine 

that blows soft glass into hinged molds. This Corning machine is 

typical of many that have mechanized the ancient art of hand· 

blowing. Large pieces, such as carboys, are still made by hand. 

combination, which brings all the col
ored constituents of white light to almost 
the same focus and produces clear, sharp 
images without the troublesome color 
fringes, is known as an achromatic lens. 

Before satisfactory optical instru
ments could be made, however, it was 
necessary to have really homogeneous 

glass. In ordinary glass-melting the 
batch materials tend to separate because 
of differences in density, and even the 
best of refractory pots dissolve to a cer· 
tain extent in the molten glass. The reo 
sulting differences in composition pro
duce differences in refractive index in 
various parts of the glass, bending light 

GLASS FIBERS are produced when thin streams of molten glass are fed into a blast 

of hot gas. The high·speed jet forms the glass into tangled wisps, floating off to right. 

100 

rays in erratic paths and making it quite 
impossible to focus them to a sharp 
image. Molten glass is so viscous that 
such differences in composition are 
evened out only very slowly by diffusion 
and convection. It was not until Pierre 
Louis Guinand, a Swiss watchmaker, de
veloped a method of stirring glass with a 

F I BER SPOOLING operation places 

glass fibers on beams, or spools. The 

© 1960 SCIENTIFIC AMERICAN, INC



PLATE GLASS, still in rough unfinished state as it leaves the 

annealing lehr, an oven, passes into a twin-grinding machine at the 

plant of Libbey·Owens.Ford. The machine has 22 heads that grind 

the glass at top and hottom simultaneously. Glass is 100 iuches wide. 

refractory rod that satisfactory optical 
glass could be made, particularly for 
large lenses and prisms. 

The next step in the development of 
modern optical glass was a systematic 
study of the effect of new elements in 
glass on its refractive index and disper
sion. About 1880 the German physicist 

Ernst Abbe and the glass chemist Otto 
Schott started a program of research 
which produced scores of new types of 
glass and permitted optical designers to 
make great improvements in the speed 
and sharpness of lenses for all sorts of 
instruments. 

The latest major advance in optical 

glass was made during the 1930's by 
George W. Morey, who invented a series 
of glasses based on oxides of rare·earth 
elements, chiefly lanthanum and thori
um. These glasses, containing little or 
no silica, combine a very high refractive 
index with relatively low dispersion. In 
the past dozen years these glasses, manu-

fibers will be used as a reinforcing TWIST·AND·PLY equipment for continuous filament glass yarns is of the same type as that 

material in making wrapping tapes. used in conventional textile plants. This is the Owens·Corning F iberglas plant at Anderson, S.C. 
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UNTEMPERED GLASS BAR, placed in polarimeter, does not 

distort lines or fringes of polarized light when unloaded ( top ).  

When lines slant a distance o f  half a fringe (center),  the low

er surface of the glass is under tensile stress of about 2,500 pounds 

per square inch. At full fringe displacement (bottom ) ,  tension 

is 5,100 p.s.i. The bar will break at about 6,600 p.s.i. tension. 

102 

TEMPERED GLASS BAR, unloa de d ( top ),  shows curved strain 

patterns indicating that the surfaces of the bar are under a compres· 

sion of about 5,000 p.s.i. A small load (center) offsets about 

3,300 p.s.i. of this compression. Heavier load (bottom ) fully off

sets compression and creates about 300 p.s.i. of tension. Increas

ing the tension to about 6,600 p.s.i. will cause bar to break. 
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factured in the U. S. by the Eastman 
Kodak Co., have permitted the design 
of camera lenses of unusually high per
formance. 

Light-Sensiti ve Glass 

It has been known for years that glass 
will sometimes discolor, frequently tak
ing on delicate violet hues, on long ex
posure to light. Only recently, however, 
has light sensitivity been deliberately 
engineered into glass. The process starts 
with a little cerium oxide, which is add
ed to the glass batch with just the right 
amounts of silver or gold. The cerium 
ions in the glass absorb ultraviolet light 
and apparently transfer electrons to the 
guld or silver ions, converting them to 
gold or silver atoms. After the exposure 
to light, these atoms remain invisible in 
the glass as a sort of latent image. 

Next the glass is heated until it begins 
to soften. This permits the metal atoms 
to collect into colloidal particles of silver 
or gold. The silver particles make a 
weak yellow image of whatever pattern 
was thrown on the glass with the ultra
violet light. The gold develops as the 
glass is heated to a beautiful blue or 
purple picture corresponding to what
ever negative was used during the ultra
violet exposure. Since the sensitivity 
extends through the full thickness of the 
glass, the developed images produce the 
illusion of depth, which makes the pic
ture extraordinarily lifelike. They are as 
permanent as the glass itself. 

The weak yellow silver-images are of 
little use as such, but the tilly silver par
ticles formed by the photosensitive proc
ess may serve as nuclei for further de
velopments. One of these consists in pre
cipitating fluoride particles, which con
vert the glass to a dense white opal. By 
careful adjustment of the composition 
the white pattern in the glass is made to 
follow the lines exposed to ultraviolet 
light. One use of this process is to make 
built-in louvers for directing the passage 
of light through illuminating fixtures. 

Even more startling results are pro
duced by developing the silver particles 
in a glass of special composition, which 
crystallizes or de vitrifies where they are 
present. After heating such glass, a 
white crystf)lline image appears where 
the ultraviolet light struck the glass. If 
the piece is now immersed in hydro
fluoric acid, the crystallized glass dis
solves so much faster than the clear 
glass, which was shielded from the light, 
that a pattern of almost any desired form 
may be chemically machined from the 
glass. In one instance 200,000 holes, 
each .009 inch in diameter, were etched 

CAMERA LENS by Bausch & Lomb uses foUl' rare-earth elements ( gray ) to achieve ex

ceptional speed of f /1.1. Not yet on market, it is for eight-millimeter movie cameras. 

in an area 12 inches in diameter. This 
process, known as photoforming, is used 
to make a wide variety of intricately pat
terned glass elements for use in elec
tronics [see top illustration on next 
pagel. 

One day in the Corning laboratory a 
piece of photoformed glass was placed 
in an oven prior to the acid-etching 
steps. By accident the glass was left over
night, at a much higher temperature 
than customary. When removed from 
the oven next morning, the glass, which 

had been clear, looked like porcelain. A 
laboratory worker accidentally dropped 
the piece on the floor and was amazed 
to see that it did not break. This was the 
start of a development, guided by S. D. 
Stookey, that led to a new class of tough 
ceramics. The new material, obtained by 
controlled devitrification of glass, con
tains smaller, more uniform crystals than 
do conventional ceramics; it is also com
pletely nonporous. It may be made with 
a coefficient of expansion rivaling that 
of pure silica glass, and it has several 

MIRROR FOR KITT PEAK TELESCOPE was formed by Corning using a sagging proc
ess. The large chunks of borosilicate glass sagged smoothly into shape when heated to 
1,275 degrees C. The 3-I.inch mirror is largest made in the U. S. since Palomar 200-inch. 
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• 
PRECISE GLASS SHAPES, used in electronics, are made of glass that becomes acid·soluble 

where struck by utraviolet light . Glass can thus be shaped in response to a pholoima ge. 

ULTRASTRONG CERAMI C, called Pyroceram, makes a tough heat·resistant dish ( r ight ) . 

Before the ceramic crystals are formed by heal treatment, the dish is in the glassy slate ( left ) . 

CERAMIC HONEYCOMB, made in parI from Pyroceram, is corrosion·resistant, strong and 

li ght (density is  half that of  wated . But no one has yet found a commercial use for it. 

1 04 

times the strength of ordinary glass. The 
new material, which Corning calls 
Pyroceram, recommends itself for scien
tific and industrial apparatus as well as 
for cooking utensils. Being transparent 
to radar waves and highly resistant to 
thermal shock, it is employed for missile 
nose cones . 

Glass in Fiber Form 

Scarcely more than 25 years ago glass 
fibers were a curiosity, sometimes pro
duced to the amazement of onlookers by 
itinerant glassblowers.  Today whole in
dustries have been built on glass in fiber 
form. Glass fibers make excellent insula
tion; they may be woven into colorful 
fabrics, or bonded with plastics to form 
chairs, fishing rods, boats and even auto
mobile bodies. 

Fiber glass comes in two general 
forms : as "staple," which consists of 
short lengths of fiber loosely packed to
gether, and as continuous filament. In 
the manufacture of staple fiber the mol
ten glass flows through many small ori
fices in the bottom of an electrically 
heated platinum trough, or "bushing," 
and is pulled into fine filaments by a 
blast of high-pressure air or steam. 
These filaments may be used loose as 
insulating wool or they may be bonded 
into insulating board by the application 
of an organic resin and heat. 

The glass for continuous filaments is 
usually made first into marbles that can 
be readily inspected for defects which 
would interfere with the spinning opera
tion. These marbles, being of uniform 
size, can be easily fed into small electric 
furnaces, where they are melted. The 
glass flows through 102 small holes in a 
platinum bushing and forms a bundle of 
filaments that are pulled mechanically 
by a rotating spindle at a rate of more 
than 60 miles per hour. The resulting 
strand of 102 filaments, each about 
.0003 inch in diameter, is twisted with 
other strands to form glass yarn which 
may be woven into various fabrics with 
standard textile machines. Tape made 
from this fiber glass is particularly useful 
for insulating motors and other electrical 
equipment. 

In a variation of these processes the 
glass is first drawn mechanically into 
rather coarse fibers about .03 inch in 
diameter. These fibers are then re
melted in high velocity flames which 
stretch them into ultrafine filaments .  
The product, which has a diameter 
between .00003 and .0002 inch, is 
used for sound- and heat-insulation in 
aircraft. Still finer fiber, less than 
.00003 inch in diameter, is made into 
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a glass paper which is most useful for 
filtering acids and other corrosive sub
stances. 

Ordinary soda-lime glass is slowly at
tacked by moisture in the air, but the 
consequences are rarely visible or dam
aging. Glass fibers, however, are so fine 
and expose such a large surface area to 
the air that deterioration from moisture 
is very rapid. Special glass formulas have 
therefore had to be developed for use in 
fibers. High durability is achieved by re
ducing the amount of soda in the glass to 
less than 2 per cent and adding boron 
oxide and alumina. 
, The strength-to-weight ratio for fiber 
glf1ss is unequalled by any other mate
ria'!, provided the surface of the fibers 
has not been abraded. Strengths up to 
almost a million pounds per square inch 
have been measured. However, the 
slightest contact, particularly contact 
with the surface of another fiber, greatly 
weakens the glass. For this reason lubri
cants are usually sprayed on the fibers as 
they are formed. The strength may also 
be preserved by bonding the glass fibers 
in plastics. The glass bears the load 
while the plastic separates the fibers and 
protects them from abrasion. 

This article has not tried to recount 
the enormous ingenuity that has gone 
into automatic glassmaking machinery 
of all sorts-the machines that make bot
tles, lamp bulbs, window glass and a 
host of other items. But one process an
nounced just about a year ago by Pil
kington Brothers Limited in Britain must 
be mentioned, for it handles glass in a 
way that glass has never been handled 
before. In an art as old as glassmaking 
this is quite an achievement. The proc
ess is for making plate glass. 

In the conventional process a ribbon 
of glass flows out of a furnace through 
a pair of water-cooled rollers that pro
duce a continuous sheet up to 10 feet 
wide. The sheet passes through an an
ncaling oven and then between twin 
grinding heads that grind both sides of 
the sheet simultaneously. The ground 
sheet is then cut into large panes for 
final polishing. 

In the new Pilkington process the 
glass, after passing between the rollers, 
is floated onto a bath of molten metal. 
This provides an absolutely smooth un
dersurface. The upper surface is fire
polished to equivalent smoothness. The 
crucial step, which Pilkington has not 
described in detail, is to solidify the glass 
ribbon and move it off the molten metal 
without damage. Pilkington calls its 
technique the "float-glass" process. It 
shows that the glass maker's ancient 
artistry is still very much alive. 
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• (ORt;ITE) POLYBUTENES 
( l ow molecu l a r  weight po lymers ) 

This extremely versatile material has contributed to the im

provement of a variety of products as well as having helped make many 

new products possible. Oronite Polybutenes can pay you big dividends, 

too. Why not have your technical people evaluate these compounds for' 

your present or future needs. A technical bulletin and Poly butene samples 

are available on request. Contact the Oronite office nearest you. 

Characteristics of Oronite Polybutenes Some applications 

automotive caulking compounds 
soundproofing compounds 
thermal insulation 

Non-drying, tacky, vis c o u s .  Grade s � 
from 50 - 20,000 SSU @ 2100 F. 

Clear, colorless. 1 or 1- on the Gardner 
color scale. 

Excellent stability. Approximately one 
double bond per molecule; free from diene 
unsaturation. 

in industrial and household sealants 
adhesives 

Compatible with a multitude of in- ( 
du str i a l  c h e m i c a l s ,  rub b e r s ,  a n d  
resins. For example :  Soluble in benzene 
and ethyl ether; compatible with natural 
rubber and m a n y  s ty r e n e - b u t a diene � 
copolymers; compatible with many phe
nol condensation products, polythylenes, 
and epoxy resins. 

special purpose greases and 
lubricants 

an extender for rubbers 
a S a plasticizer for resins 

Outstanding electrical propertie s . ( 
Dielectric strength at 800 C . . . 35 + KV. 
Power factor at 1000 C and 60 cps . . .  0.01 %. 

an impregnant for paper insulation 
of electrical cable 

Impermeable to gases. Composed of ( 
closely packed, branched-chain molecules. ) 

a S a cable oil in compression cables 
a dielectric for capacitors 

waterproofing compounds 
leather impregnants Outstanding hydrophobic properties. } 

Highly paraffinic; low polarity. in coatings for porous materials such 
as cement and cinder block 

Leaves no ash or stain upon decom- } 
position. Decomposition occurs sharply a s  a lubricant in metal drawing 

near 500 0 F. 
processes 

C A L I F O R N I A C H E M I C A L  C O M PA N Y  
O R O N I T E  D I VI S I O N  

E X E C U T I V E  O f F I C E S . 200 B u s h  Street ,  S a n  F r a n c i s c o  20,  C a l i fo r n i a  

S A L E S  O F F I C E S . N e w  Y o r k ,  Bosto n ,  W i l m i n gto n ,  C h i c a g o ,  C i n c i n n at i ,  C l eve l a n d ,  H o u s to n .  

T u l s a ,  L o s  A n g e l e s ,  S a n  F r a n c i s c o ,  Seatt l e  

fO R E I G N  A f f i L I A T E . C a l i f o r n i a  C h e m i ca l  I nt e r n at i o n a l ,  I n c "  S a n  f r a n c i s c o ,  G e n ev a ,  

Pa n a m a ,  Sao Pa u l o  6960R 
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B. Next, inserts sheet of 
ordinary paper, vel l u m ,  
o r  offset p a p e r  master. 
I nsertion starts auto· 
matic printing and proc· 
essing cyc l e .  

A S  A ' S ' C  

A. Operator inserts mi· 
crof i l m  aperture card. 

C. Fi rst print is  auto
matica l l y  del ivered in 3D 
s e c o n d s ;  s u b s e q u e n t  
prints (of the s a m e  or 
d i ff e r e n t  d raw i n gs) 
every 15  seconds. 

Th e Co pyfl o® 1 8 2 4  Pri nter, us i n g  o rd i n a ry pa per, 
cuts costs of eng i n eeri n g-d rawi n g  re prod u ct i on 
Here's a remarkable machine that 
sharply reduces the cost of engineer
ing-drawing reproduction because it 
uses ordinary, inexpensive paper. 

The XeroX® Copyfio® 1824 print
er, which requires no exposure or 
other adjustment, reproduces from a 
microfilm aperture card, making dry, 
positive, 18" x 24" prints-or smaller 
-at extremely low cost. It also copies 
onto vellum or offset paper masters. 

Operation is automa tic.  Prints 
ready for immediate use emerge as 
fast as four a minute. 

The quality of reproduction is su
perb. Images are sharp black-on-white 
and won't rub off. There is no odor, 

no waste, and the finished print may 
be written on with pen or pencil.  

Regardless of your engineering
drawing-reproduction needs, you can 
now enjoy the tremendous savings in 
time, money, space, and materials of 
your own unitized microfilm system. 

Formerly, such economies required 
a substantial reproduction need. To
day, however, the Copyfio 1824 print
er offers the same proportionate bene
fit to small-volume users as to large. 
No need now for vast files of engineer
ing drawings.  M icrofilm aperture 
cards require only a fraction of the 
storage space required for other repro
ducibles. No more costly waiting for 

prints, which-made by a Copyfio 
1824 printer-are so inexpensive your 
engineers can discard them after use. 

Write today for our free 1824 book
let giving the full benefits you can ex
pect from a Copyfio 1824 printer. 
HALOID XEROX INC., 61-364X Haloid 
St., Rochester 3, N. Y. Branch offices 
in principal U. S. and Canadian cities. 
Overseas : Rank Xerox Ltd., London. 

H A LO I D 
X E R O � 
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A New Scale of Stellar Distances 

The distance of a star can be determined by comparing its apparent 

with its intrinsic brightness. A new index to intrinsic brightness 

has been found in the calcium absorption spectra of many cool stars 

T
he measurement of distance is still 
a fundamental problem at every 
level of astronomy. Outside the 

solar system only about 170 celestial ob
jects-the stars lying within some 30 
light-years of the earth-have been locat
ed with an error of less than 10 per cent. 
Estimates for perhaps another 600 are 
half as good, but the great majority of 
them are stars of a particular type-in
trinsically faint objects still in an early 
phase of their evolution. As to the re
maining millions of observable members 
of our galaxy, only their average distri
bution is known with fair accuracy. We 
probably have a better idea of the dis
tances to some galaxies a million or more 
light-years away than to most individual 
stars in the Milky Way. 

Yet many questions about the struc
ture and history of the galaxy can be 
answered only through the accurate 
placement of individual stars. Thus it 
is not surprising that astronomers are 
always on an eager lookout for improved 
methods of measuring stellar distances. 
Recently a new one has turned up. It 
applies to a substantial fraction of stars 
out to about 2,000 light-years, and it can 
fix their distance within about 15 per 

by O. C. Wilson 

cent. At the same time it has provided 
astrophysicists with the entertaining 
problem, still unsolved, of explaining 
why it works. 

Every new astronomical yardstick 
must of course overlap an older one; 
eventually all are tied to the scale of 
distance for the closest stars. This is 
established by h'igonometric parallax: 
the measurement of the apparent angu
lar displacement of a nearby star, against 
the background of more distant ones, 
when it is observed from opposite sides 
of the earth's orbit around the sun. The 
method is direct and unambiguous, but it 
is limited by the small size of the angles 
that must be determined. At a distance 
of about 30 light-years the shift is only 
1/36,000 of a degree-the apparent 
angular size of a penny seen at a distance 
of 24 miles! Even such an angle is 
measurable within an error of 10 per 
cent. At greater distances the attainable 
accuracy rapidly drops off, and at 60 
light-years the apparent shift is essential
ly too small to measure. 

Beyond the effective range of trigo
nometric parallax it is no longer possible 
to get at the distance of individual stars 
directly. The only way to place them is 

K H 

through a knowledge of their intrinsic 
brightness, or "absolute magnitude." The 
observed brightness of a star is propor
tional to its inh'insic brightness divided 
by the square of its distance. Thus deter
mining the intrinsic brightness is equiva
lent to determining the distance. 

Two ways of finding the absolute mag
nitude of certain types of stars have 
been known for half a century. One ap
plies only to a class of pulsating stars: 
the cepheid variables [see "Pulsating 
Stars and Cosmic Distances," by Robert 
P. Kraft; SCIENTIFIC AMERICAN, July, 
1959]. Although no one yet knows why, 
the rate at which the cepheids wax and 
wane is connected with their absolute 
magnitudes. The exact relationship is 
still in some doubt, but these stars have 
provided the best mileposts for the outer 
reaches of the Milky Way and for nearby 
galaxies. (The nearest c'epheid is the 
Pole Star, 300 light-years distant.) 

The second long-established index to 
intrinsic brightness bears the figurative 
name "spech'oscopic parallax." The term 
refers to a correlation between brightness 
and the relative intensity of celtain pairs 
of absorption lines in stellar spectra [see 
illustration on page ll6]. Although the 

K AND H LINES of ionized calcium in stellar spectra form basis 
of a new method for measuring the intrinsic luminosity of stars. 
In this solar spectrum light and dark areas are reversed. and K and 

H absorption lines appear as bright bands. Black lines in their 
centers are "emission features," the widths of which are corre

lated with luminosity. Horizontal streak is caused by a sunspot. 
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details need not concern us here, this 
phenomenon does have an explanation. 
Briefly, spectroscopic parallax depends 
on the fact that larger, more luminous 
stars have relatively less mass, and there
fore less surface gravity, than smaller 
ones. The resulting pressure differences 
in the atmospheres of the stars lead to 
differences in their spectra. When 
checked against stars whose distance 
(or absolute magnitude) is known from 
trigonometric measurements, spectro·· 
scopic parallax is found to be quite ac
curate for certain types of star. First 
devised at the Mount vVilson Observa
tory 50 years ago, and recently refined 
by W. W. Morgan and his associates at 
the Yerkes Observatory, the method has 
been very helpful in tracing out the 
major features of our galaxy within a few 
thousand light-years of the earth. 

108 

The new method is also spectroscopic, 
and it supplements rather than replaces 
spectroscopic parallax. It applies to stars 
of the spectral types designated G, K 
and M: the last three letters in the se
quence-O, B, A, F, G, K, M-used to 
classify stars according to their surface 
temperature. The list runs from hotter 
to cooler: A typical 0 star might have a 
temperature of 30,000 degrees centi
grade; an M star, 3,000 degrees. The 
stars of the last three groups represent 
a substantial fraction of the stellar popu
lation. Our sun is a member; its surface 
temperature of nearly 6,000 degrees 
classifies it as G2, meaning that its spec
trum fits into the sequence 2/10 of the 
way from GO to KO. 

Spectra of these cooler stars always 
contain many dark lines, chiefly the ab
sorption lines of neutral atoms and singly 

co 0- 0 

ionized atoms (atoms lacking one elec
tron) of the common metals. They are 
formed in the following way. When we 
look at a star, we see into its atmosphere 
down to a considerable depth. The light 
we observe is a sort of average made up 
of the contributions from the hotter and 
brighter lower layers and the cooler and 
fainter upper ones. At most wavelengths 
the depth to which we can see into a 
cool star is limited by the negative hydro
gen ions (hydrogen atoms with an extra 
electron) that are always present in its 
outer gases. They produce a general 
haziness or opacity. At the wavelengths 
of the absorption lines, however, the 
emerging light encounters an additional 
obstacle in the scattering produced by 
the metal atoms and ions. Thus within 
the section of the spectrum covered by 
an absorption line we cannot see as far 
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down as we can at otller wavelengths. 
The higher layers that we do see are 
cooler, on the average, than those pro
ducing the radiation in adjacent parts of 
the spectrum. Therefore the lines appear 
dark across their entire width. 

This is the pattern of all the spectral 
lines of cool stars, with two exceptions. 
It is in the exceptions that we have found 
our new distance scale. 

In the spectra of cool stars as seen at 
the surface of ilie earth the strongest 
absorption lines are a pair in the violet, 
designated H and K. (The system for 
naming spectral lines has no connection 
with the one mentioned earlier for distin
guishing types of stars, although it uses 
some of the same symbols.) Produced by 
singly ionized calcium, the lines owe 
their strength to the fact that calcium 
is a fairly abundant metal which occurs 

ll) 
'" 

mostly in the singly ionized state in cool 
stars, and which has a high probability 
of making the atomic quantum-jumps 
associated with the H and K wave
lengths. 

What is remarkable about the lines, 
however, is not their strength but 

their internal sh·ucture. In the great 
majority of spectra of cool stars ilie H 
and K lines contain near their centers an 
emission component, or bright line, 
called a reversal. Almost always it is 
divided into two parts by a darker strip 
running down the middle [see illustra
tion at bottom of these two pages J. The 
reversals in the solar spectrum, which 
are rather weak, have been known since 
about 1870, and were studied extensive
ly at Mount Wilson in the early days of 
the Observatory. In fact the notation still 

o 
(") 

used to describe them was originated by 
George Ellery Hale, the first director of 
Mount Wilson. The broad absorption 
lines are denoted H l and K1; the emis
sions, H 2 and K 2; the central dark band, 
H 3 and Ka. In 1913 two German astrono
mers found the first H and K reversals 
in a stellar spectrum. Then observers 
began to discover the feature in one star 
after another, and eventually published 
extensive lists of the bodies in which 
they occur. 

Even on spectrograms of quite modest 
dispersion, where the wavelengths are 
not spread widely, it is possible to see a 
systematic difference between the Hand 
K reversals in intrinsically bright and in
trinsically faint stars. In the latter each 
emission line is sharp and narrow, while 
in the bright stars it is noticeably wider, 
and the central dark strip is clearly ap-

(") 
(") 

l./) 
(") 
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parent. Many astronomers must have 
noticed this fact, but curiously until a 
few years ago no one had followed it up. 

At that time a young Indian astro
physicist, M. K. V. Bappu, and I decided 
to investigate the matter systematically. 
As test objects we chose a number of G, 
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K and M stars whose absolute magni
tudes had been determined by the 
Yerkes group with spectroscopic paral
lax. \,yith the lOO-inch telescope on 
Mount Wilson and the 200-inch on Palo
mar Mountain we prepared spectrograms 

. of these stars at a uniform dispersion. At 

1.6 1.8 

first it was not clear what aspect of the 
spectra we should concentrate on. After 
some preliminary trials the significant 
feature turned out to be simply the out
side width of the bright components: 
H 2 and K2• 

When the logarithms of the widths 

2 2.2 2.4 

LOGARITHM OF CORRECTED WIDTH OF K EMISSION LINE 

CORRELATION between logarithms of width of K emission line 

and absolute magnitude is shown in this graph. (Negative values of 
the magnitude represent brighter stars than positive values.) The 

110 

straight line was drawn through points (crosses) representing the 
sun and stars in the Hyades cluster, whose absolute magnitudes are 

accurately k'!own. Circles show other stars of known magnitude. 
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The only industrial 

computer with 

automatic priority 

analysis after each 

instruction ... 

RCA110 
Along with its "battleship" construction, ultra high

speed and maximum accuracy, the RCA 110 pro

vides a critically important control function not 

available in any other industrial control computer 

... it automatically responds to off limit or emer

gency situations and handles them on a priority 

basis . . . with a complete analysis of priority afte r each 
instruction! This eliminates the delay between the 

occurrence and the recognition of an emergency 

condition. 

Not only will the RCA 110 correct the most urgent 

situation first, but if more than one trouble-spot 

should occur at the same time, it automatically 
appraises the urgency of each and handles it in turn. 

Result-better control, programs are easier to write, 

memory space is conserved, and computer free time is 

automatically assigned to self-checking routines. 

From its very concept the RCA 110 was designed 

not as a "package" but as a total system-which 

can be tailored to the exact data control needs of 

each user. In making your feasibility studies we 

invite comparison with all other electronic industrial 

computer systems. 

ELECTRONIC INDUSTRIAL 

COMPUTER SYSTEM 

For complete information write: Industrial Computer 

Systems Dept., Electronic Data Processing Division, 

R ADIO CORPORATION OF AMERIC A, 

21 Strathmore Road, Natick, Mass. 

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

COMPARE THESE PERFORMANCE SPECS 

Speed-including access time and staticizing, adds in 
56 microseconds, multiplies in 728, divides in 868. 

Instructions-one address (limited two address), 7 
indexable address modifier registers, 71 wired-in in

structions. Number System-fixed point, binary or 
binary coded decimal. 24 bit word length, word time 
28.89 microseconds. Working Storage-magnetic core, 
coincident current, variable in size from 256 to 4096 

words, 8 high-speed input-output registers, clock fre

quency 936 kilocycles. Bulk Storage-magnetic drum, 
3600 rpm, 4096 to 51,200 words, 8.3 milliseconds 

average access time, 200 kilocycle transfer rate, up to 

12 buffer tracks for input-output. Size-82" high, 34" 
deep, 105" long. Typical Power I nput- 5 kva, 220 vol ts. 

L _____________________ J 

The Most Trusted N arne 

CORPORATION OF AMERICA 

III 
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� TEMPERATURE COLOR 

COLOR·MAGNITUDE DIAGRAM for stars in the neighborhood 
of the sun shows main·sequence stars clustering about solid line; 
giant and supergiant stars lying entirely above broken line. Mag. 

1 12 

nitudes found by K·line method appear as circles; those found by 
trigonometric pa"ailax, as crosses. Temperatures increase from 
right to left, in the direction opposite to horizontal color scale. 
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were plotted against absolute magni
tudes (which are also measured on a 
logarithmic scale), a dramatically sim
ple l'elationship emerged. The points ob
viously clustered around a straight line 
running diagonally across the graph. The 
correlation extended over a range of 14 
magnitudes (corresponding to a ratio of 
nearly a million between the luminosities 
of the faintest and brightest stars in this 
range). It apparently depended neither 
on the strength of the Hand K emissions 
nor on the spectral type of the stars. 
Moreover, the nature of the scatter in the 
diagram suggested that much of it was 
due to a tendency of spectroscopic paral
lax to lump together stars that actually 
differ appreciably in brightness. 

O nce the general shape of the relation
ship had been established, it was 

necessary to calibrate it more closely. 
Rather than fit a line to all the points, 
with their widely varying errors in the 
magnitude figures, we wished to place it 
by using only the most accurate available 
data. Since the relationship was linear, 
two points were in fact all we needed. 

One of them was furnished by the sun. 
Its distance, and therefore its intrinsic 
luminosity, is known hundreds of times 
more accurately than that of any other 
star. As has been mentioned, the Hand K 
reversals in the solar spectrum are weak. 
On a high-dispersion spectrogram, how
ever, their width can be precisely de
termined. 

For the second calibration point we 
chose four K-type stars in the Hyades 
cluster. This is a physical grouping of 
stars, containing about 140 known mem
bers, which are close together and mov
ing on parallel paths through space. 
(The brighter members of the cluster 
can be seen in the winter sky as a "V" in 
the constellation of Taurus.) Because it 
is the nearest such cluster in the heavens, 
130 light-years away, the "proper mo
tion" of its stars (their apparent motion 
at right angles to the line of sight) has 
been measured with exceptional accu
racy. As with other fairly bright stars, 
their motion along the line of sight can 
be found from the Doppler shift in their 
spectra. Combining the proper and line
of-sight motions, and knowing that the 
stars are in fact moving along parallel 
lines, the distances to the individual 
members of the group can be calculated. 
The result is unusually precise for objects 
beyond the range of trigonometric paral
lax. When the distances are translated 
into intrinsic brightness, four of the K
type stars in the Hyades cluster are 
found to have nearly the same luminos
ity. Measuring the width of the Hand K 

Today's best buy in a 
recording spectrophotometer! 
... Spectronic 505@ Recording Spectrophotometer 

... from $3685, less than half the cost of the others 

No other recording spectrophotometer has ever won such prompt 
acceptance. In just a few short months it has become the best seller 
in the field. And with good reason. High accuracy and speed of analysis 
make it a sensible buy for recording transmittance, linear absorbance, 

reflectance and emission throughout the UV and visible ranges. 
But consider its astonishingly low price ... add up its exclusive features 
• . .  and you'll see why so many laboratories have 
specified it as today's best buy. 

• Certified-Precision Diffraction Grat
ings-high resolving power and linear 
dispersion; constant, narrow band 
pass. 

• Precise reflectance values are easily 
obtained. 

• Only $3685, visible range; $4285, UV
Visible. 

• Exclusive electronic sensor-automa
tically gives faster, more 
accurate recording. 

• Exclusive long life air
cooled Hydrogen lamp. 
No water cooling lines 
and drainage. 

BAUSCH & LOMB s'NeEY'853 
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I I I City ...................................... Zone ....... State I 
I _ _ _ _ _ _ ________________ J 

1 13 

© 1960 SCIENTIFIC AMERICAN, INC



emissions in their spectra thus furnished 
the second calibration pOint. Now that 
the line was fixed, the absolute magni
tude of any star could presumably be 
read off once the width of its H and K 
emission components had been meas
ured. 

To check the accuracy of the method, 
we applied it to a number of nearby stars 
whose absolute magnitudes were known 
from trigonometric parallax [see illus
tration on page 11 0 J. A statistical com
parison of the results showed that for 
so-called normal giant stars one good 
width measurement of the H or K revers
al gives the intrinsic brightness with an 

uncertainty of about .3 magnitude (cor
responding to an error of 15 per cent in 
distance). By using an average of sever
al width measurements the uncertainty 
can be reduced to .2 magnitude. For 
dwarf stars the accuracy of the new 
method proved to be somewhat lower. 
This is not too serious because, as will 
appear in a moment, we are primarily 
interested in the distance of the giants. 
Among supergiants, the intrinsically 
very brilliant stars, good test objects are 
almost nonexistent. The binary star Zeta 
Aurigae provides one point, based essen
tially on spectroscopic evidence. More
over, in the cluster known as h and Chi 

Persei, the distance of which can be de
termined on the theory of galactic rota
tion, there are several M-type super
giants. Both Zeta Aurigae and the Persei 
cluster stars fit our line remarkably well. 

Although there is no longer much 
doubt as to its accuracy, the H-and-K
line method has a serious drawback. It 
works only on stars with an apparent 
brightness sufficient to produce the 
necessary spectra in a reasonable time 
and with adequate dispersion. As a prac
tical matter, this at present restricts ob
servation to stars brighter than about the 
seventh magnitude. Soon the technique 
will undoubtedly be extended to fainter 

SURFACE OF THE SUN is photographed in the light of the central 

emission of the calcium K line. Variations in brightness are prob· 
ably associated with fluctuations in the strength of the magnetic 
field at the surface. The bright patches at left surround sunspots. 
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With the Bendix 
G-20 Computer 

You Can 

TODAY'S MOST ADVANCED COMPUTI NG "PACKAGE'" 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Today's high-powered computing equipment is only as good as the program" 

ming systems that enable it to do useful work. In the development of the 

Bendix G-20, these all-important programming systems were planned and 

perfected in close coordination with the equipment designers, and received 

equal emphasis. The result: today's most powerful computing "package:' 

• The G-20's simplified programming enables your present personnel to take 

'advantage of the powerful problem-solving abilities of the computer, regard

less of their previous computer experience. Such a programming system is 

ALCOM�an algebraic problem-solver based on the international mathematical 

language of ALGOL. Compatible with the ALGO programming system for 

'the Bendix G-15, ALCOM permits your technical staff to transmit problems 

to the floating point circuitry of the G-20 in universal mathematical language. 

• ALCOM is complemented by a library of sorting, file maintenance and other 

routines for specific tasks. The refined indexing and decision-making capa

bilities of a powerful command vocabulary have been instrumental in making 

these simplified techniques possible. They are unmatched for ease of use and 

efficiency. • Not overlooking the G-20 proper, we have recently increased 

computing speeds by 40% ... to the rate of 83,000 additions per second (aver

age, floating point, one-word precision). Magnetic tape speed is now 240,000 

digits per second ... and printing speed can be up to 1500 lines per minute. 

These new characteristics, combined with the G-20's efficient "organization 

chart" system design and perfected programming ease, provide an unmatched 

return on your computing dollar. Prove this fact to your own satisfaction .. 

Call the nearest Bendix Computer office, or write: 

Bendix Computer Division 
!DEPT. .c·n, LOS ANGELES 4S. CALIFORNIA 

,�nc(� 
CO A PO liAr I 0 H 
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a b c d 

SPECTROSCOPIC PARALLAX measures intrinsic brightness of 
stars by comparison of the strengths of certain lines in their spectra. 

Upper spectrum is from an intrinsically faint star; lower one from a 

star almost a million times as bright. Features marked ll, band care 
absorption lines of neutral iron; d is an absorption line of ionized 
stl"ontium. It is stronger, compared to iron lines, in brighter stal". 

stars with the help of image-converter 
tubes or similar intensifying devices. 

Even now, however, the technique can 
accomplish more than merely prov

ing itself. In particular, it has already 
provided one of the best estimates of the 
age of our galaxy. Such estimates flow 
out of the modern theory of stellar evolu
tion, which will be reviewed briefly here. 
The basic tool for analyzing the stages in 
the development of stars is the color
magnitude diagram: a graph in which 
individual stars are located horizontally 
according to their color and vertically ac
cording to their absolute magnitude [see 
illustration on page 112]. When the dia
gram is drawn up, it is seen that one 
class of bodies-smaller stars such as the 
sun-fall along a line known as the main 
sequence, running from top left to bot
tom right. To the right of the line in the 
upper part of the diagram are scattered 
the normal giants and supergiants. 

The distribution is thought to come 
about as follows. Shortly after a star is 
born, it moves onto the main sequence, 
and remains there until a certain frac
tion of its hydrogen is consumed in nu
clear reactions. Then it undergoes an 
internal rearrangement that converts it 
into a giant, moving it away from the 
main sequence upward and to the right. 
If a group of stars is formed at the same 
time, all its members will lie for a while 
on the main sequence. As the assemblage 
ages, the intrinsically bright stars, the 
spendthrifts at the top of the main se
quence that burn their hydrogen most 
rapidly, are the first· to move off. They 
are followed by successively fainter stars 
as time goes on. At any given epoch the 
absolute magnitude of the faintest stars 
that have moved off the main sequence 
measures the age of the assemblage. 

In the case of the stars of our galaxy 
we are doubtless dealing with objects of 
all ages, from the aboriginal inhabitants 
to some formed quite recently. Neverthe
less, the faintest stars that have just left 
the main sequence furnish an index to 
the age of the oldest members of the col
lection. Hence by determining the abso-
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lute magnitudes of large numbers of the 
stars we can establish this lower border 
of the normal giants, which leads to the 
age of the galaxy. From the H and K 
measurements made thus far the age ap
pears to be at least 10 billion years. As 
the boundary is sharpened by observa
tions of more stars, and as the theory 
itself is refined, the estimate can be ex
pected to improve. 

A second important application of dis
tance information is in finding the dy
namic structure of the galaxy. As was 
mentioned in connection with the 
Hyades cluster, when the true motion of 
a star (or group of stars) is known, then 
the distance can be found from the line
of-sight velocity and apparent motion 
across the sky. Conversely, if we know 
the distance to a star, we can deduce its 
true motion from its line-of-sight velocity 
and apparent or proper motion across the 
sky. Thus the new technique for measur
ing distance will allow us to compute the 
galactic orbits of many more stars and 
to discover whether certain distant 
groups that appear to be moving togeth
er are actually doing so. 

l:(inally we may ask how it is that a 
simple linear measure of a feature in 

the spectrum of a star can accurately tell 
us its brightness. Thus far there are only 
some glimmerings of the answer. Early 
studies of the H and 'K lines in the sun 
showed that the emission comes from a 
rather thin layer located above the region 
responsible for the ordinary absorption 
lines. Moreover, it was found that the 
atoms responsible for both the H 2 and K2 
emission are moving upward at about 
two kilometers per second, while those 
producing the central absorptions, Ha 
and Ko, are falling at a speed of about 
one kilometer per second. The reversals 
appear, at least weakly, virtually every
where on the solar disk, but with many 
fluctuations of brightness and width over 
the surface. For instance, when the spec
trograph slit crosses a sunspot, the emis
sion lines over the dark central part of 
the spot are always much narrower than 
those over the normal surface. 

In recent years observers on Mount 
Wilson have discovered a very strong 
correlation between the local magnetic
field strength and the intensity of the 
calcium emission over the solar surface. 
Evidently the Hand K reversals depend 
somehow on the presence of a magnetic 
field. Perhaps hydromagnetic waves pro
pel calcium ions, causing them to collide 
violently enough with surrounding neu
tral atoms to excite the emission of the 
Hand K lines. 

The most likely source of energy for 
the hydromagnetic waves is the so-called 
hydrogen convection zone, a transition 
region lying not far below the visible 
surface in the cooler stars where the 
ionization of hydrogen changes from al
most 100 per cent at the bottom to near
ly zero at the top. As a consequence of 
the large difference in energy between 
ionized and un-ionized hydrogen, ver
tical convection currents are set up. 
They carry a large part of the outflowing 
stellar energy flux. Perhaps the velocities 
of the material in the convection zone 
are somehow transferred from the visi
ble surface into the chromosphere, the 
layer immediately above the visible sur
face. Here their effects can be seen in 
the width of the Hand K emission com
ponents. Some theoretical work along 
these lines looks promising, bu t no reaJl y 
complete theory has been constructed, 
nor is there yet any general agreement 
among those who have thought about 
the problem. 

Perhaps it is best to close by observ
ing simply that, whatever the explana
tion of the correlation between emission
line width and luminosity, the fact that 
it holds over such a large range of stellar 
brightness implies a fundamental con
nection between the interior of a star, 
where its energy is generated, and the 
activity of the chromosphere. To find 
the nature of this connection is a prob
lem of great general interest. In the 
meantime the correlation serves as a 
tool for attacking still other problems. 
It is one of those gifts that nature some
times provides, as though in partial com
pensation for her obscurity elsewhere. 
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Tailoring new re-entry materials with a white-hot needle. This is a 
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which can be cast, sprayed or painted on. Other exotic materials are on the way as 
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The Growth of Snow Crystals 
Much of the world '05 precipitation is triggered by natural dusts 

that act as ntlclei in causing water droplets in clouds tv freeze. 

Some artificial nuclei work more effectively than natural ones 

The remarkable beauty of snow 
crystals, revealed in the classic ele
gance of their simple geometrical 

shapes and the delicate tracery of their 
more intricate forms, has long been rec
ognized and recorded by the scientist, 
the artist and the industrial designer. It 
is only in recent years that a serious 
scientific study has been made of their 
structure, germination and growth. 
These studies have been largely motivat
ed by the increasing interest in the phys
ics of clouds and the formation of rain, 
and in the possibility of modifying these 
processes artificially. It appears that 
over large portions of the earth rain
drops first begin their lives as snow crys
tals; then they melt before they reach 
the ground. 

My colleagues and I at the Imperial 
College of Science and Technology in 
London have spent a number of years 
studying the birth and growth of snow 
crystals in the laboratory, hoping to 
learn something about the way the crys
tals develop in clouds. Except for the 
very cold, high-altitude cirrus types, 
which are thin veils of small ice crystals, 
clouds consist mainly of water droplets 
so tiny and so dispersed that they stay 
suspended in the air like smoke particles. 
For years meteorologists puzzled over this 
stability of clouds, and were ha'rd pressed 
to explain how the tiny water droplets 
ever grow large enough to fall as rain. It 
was equally puzzling that the water 
droplets often refuse to freeze even 
though the cloud may be many degrees 
below the nominal freezing point of 
water: zero degrees centigrade, or 32 
degrees Fahrenheit. Even on a hot sum
mer day the temperature of the air above 
15,000 feet is usually below freezing. 

During the 1930's Tor Bergeron of 
Sweden and Walter Findeisen of Ger
many provided a theory of cloud be-
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havior that seems to account satisfactorily 
for much of the world's precipitation. 
They proposed that clouds remain stable 
until a small percentage of the cloud 
droplets finally freeze, spontaneously or 
otherwise. When water molecules are 
locked into place in an ice crystal, they 
evaporate much less readily than they 
do from a drop of water. Thus if a cloud 
contains both water droplets and ice 
crystals, the water molecules that dif
fuse from the vapor state onto the ice 
crystals tend to be bound fast, and those 
that condense on the water droplets 
are relatively free to evaporate again. 
As a result the crystals grow more rapid
ly than the droplets; finally, as the air is 
denuded of moisture by the ice crystals, 
the water droplets evaporate and disap
pear. The ice crystals meanwhile grpw 

large enough to fall toward the earth. 
After growing for about an hour in a 
deep layer of cloud, a snow crystal will 
reach the size of a drop in a drizzle, or 
perhaps the size of a small raindrop. Such 
crystals fall at the rate of about one foot 
per second. Several of them may become 
joined together, as they settle through 
the air in a fluttering or tumbling 
motion, to form a snowflake which, in 
falling into the wanner regions of the 
cloud, may melt and reach the ground 
as a raindrop. 

Bergeron and Findeisen originally be
lieved that virtually all the world's pre
cipitation-snow or rain-originated with 
this ice-crystal mechanism, but it is now 
known that, especially in the tropics, 
rain sometimes falls from clouds so 
warm that ice could never have formed 

THREE BASIC FORMS OF SNOW CRYSTALS provide the basis for an infinite variety of 
shapes. Hollow prismatic columns (left) populate cirrus clouds, which are usually colder 
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in them. Findeisen proposed as early 
as 1938 that for ice crystals to appear 
in supercooled clouds a nucleating or 
seeding agent might be required. He 
suggested that the agent might be dust 
particles of the proper configuration to 
start the nucleation of snow crystals, but 
he was never able to demonstrate its 
existence. 

'fhe subsequent history of cloud-seed-
ing is well known. In 1946 Vincent 

J. Schaefer, then working at the General 
Electric Research Laboratory, discov
ered that ice crystals could be nucleated 
in a supercooled cloud by dropping dry 
ice into it. He discerned correctly that 
dry ice, at 78.5 degrees below zero C., 
causes water droplets to freeze sponta
neously. vVithin months Bernard Vonne
gut, then also with General Electric, 
conceived the use of silver iodide as an 
ice-nucleating, or seeding, agent. These 
two discoveries provided the impetus for 
rain-making experiments that have been 
conducted in many parts of the world. 
After a dozen years the success of these 
experiments is still debated. Although 
it has been convincingly demonstrated 
that the behavior of individual clouds 
may be modified by seeding them from 
aircraft, the outcome of operations aimed 
at producing economically significant in
creases in rain over large areas is much 
less conclusive. Evidence is accumulat
ing, however, that modest increases of 
10 to 15 per cent may be produced in 
favorable circumstances. 

In our laboratory we have been study-

ing the precise conditions under which 
supercooled water freezes and how the 
freezing point may be influenced by 
nucleating agents of various sorts. We 
have found that the freezing point of 
water varies over a range of more than 
40 degrees C., depending upon the vol
ume of the sample, the rate of cooling 
and the presence of impurities that may 
function as nucleating agents. We have 
frozen many thousands of water drop
lets, varying in diameter from one centi
meter down to a thousandth of a centi
meter and all containing small foreign 
nuclei. The water droplets are held be
tween layers of two liquids that are prac
tically immiscible with water and with 
each other. The system is cooled at a 
constant rate in a refrigerator, and we 
record the temperature at which each 
drop freezes. \Ve have found that there 
is a linear relationship between the freez
ing temperature and the logarithm of the 
drop diameter. Thus if one-centimeter 
drops of a certain sample of water freeze 
at 18 degrees below zero C., one-milli
meter drops will freeze at 24 degrees 
below zero, and one-tenth-millimeter 
drops at 3 1  degrees below zero [see 
illustration on page 125]. This relation
ship characterizes the nucleation of 
water droplets by foreign particles and 
indicates that a decrease in temperature 
makes a logarithmically increasing num
ber of atmospheric particles capable of 
acting as nuclei. 

vVe have recently been successful in 
purifying water to such an extent that 
we can produce large numbers of drops 

entirely free of foreign particles. We 
accomplish this by repeatedly filtering 
and distilling water in a closed ap
paratus from which atmospheric air is 
rigidly excluded. One-millimeter drop
lets of such very pure water may be 
supercooled to 33 degrees below zero 
C. before freezing, and droplets one
thousandth of a millimeter in diameter 
may be cooled to 4 1  degrees below zero. 
These droplets of pure water freeze 
spontaneously. 

Presumably small groups of water 
molecules, undergoing random fluctua
tions in position and velocity, become 
locked by chance in to an icelike ar
rangement and thereby serve as nuclei 
to initiate the freezing process. One 
can calculate the rate at which such 
aggregates form and hence the proba
bility that a drop of a given size will 
freeze. The lower curve in the illus
tration on page 125 indicates the com
puted temperatures at which droplets 
of various sizes should freeze within 
one second. The curve coincides rather 
wet! with experimental observations, and 
is distinctly different from the freezing 
curve where foreign particles play a 
nucleating. role. 

Except at very low temperatures-low-
er than 40 degrees below zero C.

the ice-nucleus content of the air is of 
fundamental importance for snow forma
tion. It is not easily measured. A favorite 
method requires a cloud chamber in 
which a sample of atmospheric air is 
saturated with water vapor and rapidly 

than 30 degrees below zero centigrade. (These columns happen to 

be formed from heavy water.) The thin hexagonal plate (center) 
is one millimeter in diameter and has petal.like extensions. Star· 

shaped crystal (right) forms the basis of the typical snowflake. 
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SUPERCOOLED SUGAR SOLUTION provides a way to count tiny ice crystals created in 
a cloud chamber. After falling on the sugar solution, crystals grow to appreciable size. 

SUPERCOOLED SOAP FILM is a simple detector for determining nuclei-content of tbe 
atmosphere. Tiny ice crystals enclosing nuclei are counted after they land on film and grow. 
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cooled by sudden expansion. During the 
rapid cooling, water vapor condenses 
on some of the airborne particles to pro
duce a cloud of tiny supercooled drop
lets. Some of these contain ice nuclei; 
they freeze and grow into ice crystals. 
The technique is then to count the num
ber of crystals glittering in an illuminat
ed volume of the cloud, successive 
measurements being made at lower and 
lower temperatures achieved by larger 
and larger expansions. Because it is not 
easy to discern small numbers of crys
tals swirling about in a thick fog, di
rect visual counts are not very accurate. 
This led my former colleague Keith Bigg 
to devise an ingenious technique in which 
the ice crystals faU into a tray of sugar 
solution placed at the bottom of the 
cloud chamber. The water in the solu
tion supercools, and when the tiny ice 
crystals fall into it, they quickly grow 
to visible size and may be easily counted 
[see illustration at left]. 

Measurements made from aircraft 
over both land and sea show that the 
ice-nucleus population of the atmos
phere varies considerably from day to 
day and from place to place. On some 
occasions it appears to fall below the 
minimum value required for the efficient 
release of precipitation from clouds. This 
is the justification for rain-making experi
ments. 

The nature and origin of the nuclei 
necessary to initiate the formation of 

ice crystals are subjects of considerable 
interest and controversy. While I be
lieve that they originate mainly from 
the earth's surface as dust particles 
carried aloft by the wind, E. C. Bowen 
of Australia's Commonwealth Scientific 
and Industrial Research Organization 
has suggested that the debris of meteor
ites may be an important source. He has 
made analyses of world rainfall patterns 
which seem to show some correlation 
with the annual meteor showers. In an 
attempt to test these rival hypotheses 
John Maybank and I have recently ex
amined, in the laboratory, the ice
nucleating ability of various types of soil 
particles and mineral dust and also of 
meteoritic dust. 

Of the 30 terrestrial dusts we have 
tested, 16 (mainly silicate minerals of 
the clay and mica variety) produced ice 
crystals in supercooled clouds at temper
atures between 10 and 15 degrees below 
zero C. [see illustration on pages 130 
and 131]. These substances are all minor 
constituents of the earth's crust. It is sig
nificant that common materials such as 
sea sand were not active. (Since the 
quartz of ordinary sand has a hexagonal 
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GROWTH OF SNOW CRYSTALS is revealed in this series of 
photomicrographs made with reflected light. The hexagonal ice 
crystals, growing on a single crystal of natural cupric sulfide, 
appear to change color (due to canceling of certain wavelengths 
by interference) as they become thicker. Time interval between 

first picture (top left) and second (top right) was 45 seconds. 
The rest of the series followed at I5·second intervals. Ice 
crystals tend to grow in diameter until they meet another crystal, 
then they thicken. Crystals that are of differing thickness when 
separate tend to acquire the same thickness after coming in contact. 
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crystal-structure resembling that of ice, 
Findeisen had thought that quartz might 
be an effective nucleating agent. But 
a superficial resemblance in structure is 
not enough.) 

The most abundant of the active sub
stances we have tested is kaolinite, 
which initiates ice formation at nine de
grees below zero C. This mineral is com
mon enough to provide an important 
source of ice nuclei, but not so common 
thatlthe atmosphere always contains high 
concentrations of its particles. 

These particular experiments were 
greatly facilitated by the use of a sim
ple, convenient and readily renewable 
nucleus detector. It consists of a very 
stable soap film (obtained from a half
and-half mixture of water and a liquid 
detergent) stretched across a metal ring. 
When tiny ice crystals, enclosing sub
microscopic nuclei, land on the super
cooled soap film, they grow rapidly into 
crystals large enough to be easily de
tected and counted [see bottom illustm
tion on page 122]. 

In the course of our nucleation ex
periments we made a surprising discov
ery: Ten of the terrestrial dusts were 
found to become more effective ice nu
clei if they had previously been involved 
in ice-crystal formation. In other words, 
they could be preactivated, or "trained." 

-10 

-20 

Thus when ice crystals grown on 
kaolinite nuclei, which are initially ac
tive at nine degrees below zero, are 
evaporated in a dry atmosphere, they 
leave behind nuclei which are there
after effective at temperatures as much 
as five degrees higher. Particles of mont
morillonite (another important consti
tuent of some clays), which initially 
become active nuclei only at tempera
tures some 25 degrees below zero, may 
be preactivated to work at 10 degrees 
below zero. It seems that, although the 
bulk of ice surrounding the nucleus is 
removed during the drying process, 
small germs of ice, retained in pores and 
crevices, survive and serve as effective 
nuclei when the particle is again ex
posed to a supercooled cloud. We now 
have an interesting possibility. Some 
soil particles, such as those of montmoril
lonite, which are initially rather poor as 
ice nuclei may be carried aloft to form 
ice crystals at the very low temperatures 
associated with the high cirrus clouds. 
Later, if the crystals should evaporate 
without reaching the earth, they may 
leave behind trained nuclei capable of 
nucleating lower clouds at temperatures 
only a few degrees below freezing. If 
we accept this possibility of training in
itially unpromising material in the upper 
atmosphere, we need not interpret the 
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ICE GROWING ON SILVER IODIDE (top) shows how under
lying symmetry of a large single crystal forces ice crystals to as
sume a parallel orientation. The relationship between the lattices 
of the two crystals is diagrammed below. Oxygen ions (open cir
cles) define the corners of the hexagonal ice lattice; silver ions 
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(black dots) lie at the corners of the silver iodide lattice. As
suming the two crystals are in perfect superposition at left of 
center, the match between them becomes progressively poorer 

in all directions, here exaggerated about threefold. Silver iodide 
provides best lattice fit in three dimensions of all artificial nuclei. 
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fact that efficient nuclei are occasional
ly more abundant at higher levels as 
implying that they must have entered 
the atmosphere from outer space. 

In an attempt to provide a direct test 
of Bowen's meteoritic-dust hypothesis, 
we have tested the ice-nucleating ability 
of the fine dust resulting from the grind
ing and vaporization of several different 
types of stony meteorite. None has 
proved effective at temperatures high
er than 17 degrees below zero C. 

The evidence therefore appears to 
favor the theory that atmospheric ice
nuclei are predominantly of terrestrial 
origin, with the clay minerals, especial
ly kaolinite, being a major source. Ad
ditional confirmation is provided by 
Japanese workers who have used the 
electron microscope and electron-dif
fraction techniques to examine the nuclei 
at the centers of natural snow crystals. 
More than three quarters of the particles 
were identified as soil particles, with 
kaolinite and montmorillonite as the 
most likely constituents. 

Since the discovery by Vonnegut that 
tiny particles of silver iodide, intro
duced as a smoke into a supercooled 
cloud, cause ice crystals to appear at 
temperatures as high as four degrees be
low zero c., an intensive search has been 
made for other substances that might 
be even more effective and cheaper for 
cloud-seeding purposes. The table on 
pages 130 and 13 1 lists those artificial 
nuclei that have proved active at tem
peratures between four and 14 degrees 
below zero. The temperature shown is 
that at which at least one particle in 
10,000 will produce an ice crystal in a 
supercooled cloud in the laboratory. 
Greater numbers of effective nuclei are 
obtained as the temperature is lowered 
below the threshold value. The first seven 
substances in the table are active at tem
peratures between four and 11 degrees, 
where only a very small proportion of 
natural ice nuclei are effective; hence 
the seven are all potential seeding 
agents. But silver iodide, being more 
potent and more easily dispersed than 
its rivals, retains first place. Nuclei of 
ammonium fluoride, cadmium iodide 
and iodine, being soluble substances, 
would dissolve within a minute or two 
of entering a water cloud, but they can 
be made to act as ice nuclei under 
special laboratory conditions. 

There is a tendency for the more ef
fective nucleators to be hexagonal crys
tals in which the atomic arrangement 
is reasonably similar to that of ice, but 
there are exceptions. Nevertheless for 
all those substances that are active above 

ON CADMIUM IODIDE CRYSTAL with spiral growth steps, ice crystals form prefer
entially at the edges of the steps. Hexagonal sides of ice crystals maintain parallelism. 

ON LEAD IODIDE CRYSTAL with a variety of growth steps resembling a contour map, 
ice crystals nucleate at edges of the higher steps. The most effective are about .1 micron high. 
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GAMUT OF ICE CRYSTAL SHAPES grows on a filament suspended in a diffusion cham
ber with contl'OIled temperature gradient_ Crystals take characteristic forms at various tem
peratures as indicated along the right edge of the photograph_ Reading from the top, the 
symbols represent: thin hexagonal plates, needles (which are defective prisms), hollow 
prismatic columns, hexagonal plates, branched star-shaped crystals (or dendrites), and 
hexagonal plates. At temperatures lower than 25 degrees below zero C., prisms appear again. 
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1.5 degrees below zero C. it is possible 
to find a crystal face on which the 
atomic spacings differ from those of ice 
by only a few per cent. On the other 
hand, we now know that the nucleat
ing ability of a particle is not determined 
solely by the degree to which its atomic 
structure matches that of ice, and that 
other factors, not yet fully understood, 
play a role. 

To investigate such factors in more 
detail my colleagues and I have 

studied, under carefully controlled con
ditions of temperature and humidity, 
the growth of ice on individual faces of 
single crystals of various nucleating 
agents. We have observed that ice crys
tals always assume a parallel orienta
tion when they are grown on the hexa
gonal crystals of silver iodide, lead 
iodide, cupric sulfide, cadmium iodide 
and brucite, and also on crystals of 
calcite, mercuric iodide, iodine, vanadi
um pentoxide and freshly cleaved mica. 

''''e also find that ice crystals start 
growing preferentially around local im
perfections on the crystal surface, which 
show up as small dark spots in our 
photomicrographs. Often the ice crys
tals appear at the edges of steps formed 
during the growth or cleavage of the 
nucleating crystal. They also show a 
definite preference for the deeper steps. 
On lead iodide, for example, steps which 
are about a tenth of a micron (one ten
thousandth of a millimeter) in height 
provide effective nucleation sites if the 
air is supersaturated by about 10 per 
cent, but much higher supersaturations, 
exceeding 100 per cent, are required for 
nucleation on the very flat areas of the 
host crystal. 

A number of striking color effects that 
appear during the growth of ice crys
tals on a blue crystal of natural cupric 
sulfide (covellite) reveal much about 
the growth mechanism. Being only a 
few hundred millimicrons high, and 
thus comparable to the wavelength of 
visible light, the growing hexagonal ice 
plates produce interference colors that 
give a very accurate measure of plate 
thickness. The series of six photographs 
on page 123 are typical of many we 
have made. They show that in the first 
stages some crystals grow in diameter 
with no change in color, indicating no 
appreciable change in thickness. Evi
dently the water molecules arriving at 
the upper surface of the crystal are 
not captured but migrate over the sur
face to be built in at the crystal edges. 
''''hen two crystals touch, however, they 
begin to thicken as colored growth-lay
ers spread, with a speed of a few mi-
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crons per second, from the point of 
contact across the crystal surface. Crys
tals that are of differing thickness when 
separate tend to acquire the same thick
ness after coming into contact. We now 
know that perfect crystals grow only 
very slowly under normal supersatura
tions. It seems that to allow a crystal to 
grow at an observable rate, imperfec
tions must be set up, as when a crystal 
accidentally hits a step or another crys
tal. Thus crystals sitting astride a step 
are often of different thickness on either 
side, as indicated by their two-toned ap
pearance. 

�though snow crystals occur in almost 
infinite variety, they can all be clas

sified into three basic forms: the hexag
onal prismatic column, the thin hexag
onal plate and the branching star
shaped form, sometimes called dendritic 
[see illustmtions on pages 120 and 121]. 
Until recently experts disagreed on the 
reasons for the differences in form. Some 
argued that the form depended less on 
temperature of formation than on the 
degree of supersaturation of the sur
rounding air. 

It is almost impossible to assign rea
sons for the different crystal forms by 
collecting snowflakes on the ground. 
Accordingly much effort has gone into 
collecting ice crystals from aircraft 
and noting the temperature of the sur
rounding air. Such studies have revealed 
that at a given temperature a particular 

crystal type tends to be dominant. The 
high cirrus clouds, which are usually 
colder than 30 degrees below zero, 
consist of prismatic columns, typically 
half a millimeter long and containing 
pronounced funnel-shaped cavities at 
each end. The medium-altitude clouds, 
whose temperatures range between 15 
and 30 degrees below zero, contain both 
plates and prisms. The greatest variety 
of crystals are found in the lower por
tions of supercooled clouds, where tem
peratures run from about five degrees 
below zero up to zero. Here occur hex
agonal plates, short prisms, long thin nee
dles and, most sh'iking of all, beautiful, 
inh'icate stars up to several millimeters 
in diameter. Snowflakes, which are com
posed of from two to several hundred in
dividual crystals, form at temperatures 
only a few degrees below zero. 

The observation of clouds thus sug
gests that the shape of a snow crystal 
is largely controlled by the temperature 
of the air in which it grows. This has 
been confirmed in a striking manner by 
growing crystals under carefully con
trolled conditions in the laboratory. 
We grow crystals on a thin fiber run
ning vertically through the center of 
a diffusion cloud chamber in which the 
vertical gradients of temperature and 
vapor density can be accurately con
trolled and measured. The results of 
many experiments, covering a tempera
ture range from zero down to 50 degrees 
below zero and vapor supersaturations 

varying from a few per cent to 300 per 
cent, consistently show that the crystal 
shape varies with temperature along the 
length of the fiber. The cycle of shapes 
-from the hexagonal plates at zero de
grees through needles at three degrees 
below zero-is always precisely repro
ducible. The boundaries between one 
form and another are very sharp [see 
illustmtion on opposite page]. For ex
ample, the transitions between plates 
and needles at three degrees below zero 
and those between hollow prisms and 
plates at eight degrees below zero occur 
within temperature intervals of less than 
one degree. Crystals grown from heavy 
water are almost identical with ordi
nary ice crystals except that the transi
tion temperature between forms is shift
ed upward by about four degrees. This 
conforms with the melting point of 
heavy ice, 3.8 degrees above zero. 

Our experiments have shown conclu
sively that it is temperature alone, and 
not supersaturation of the surrounding 
vapor, that governs the crystal form. 
The effect of supersaturation is simply 
to alter the growth rate: the greater 
the supersaturation, the faster the 
growth. The dependence of crystal 
growth upon temperature may be dem
onstrated in dramatic fashion merely 
by raising or lowering the fiber in the 
chamber. 'Whenever a crystal is thus 
transferred to a new environment, its 
further growth takes the form character
istic of the new temperature regime. By 

CRYSTAL HYBRIDS show how form is dictated hy temperature. 
Needles growu at five degrees below zero C. developed plates 

on their ends when shifted to a temperature of 10 degrees below 
zero (le/t); stars when shifted to 14 degrees below zero (right). 
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thus altering the temperature we have 
been able to produce hybrid combina
tions of all the basic crystal types [see 
illustmtiol1s on preceding page J. 

The exact nature of the growth mech
anism that can completely change the 
crystal shape in the space of a degree 
or two, and that produces five complete 
changes of habit in the space of only 
2.5 degrees, is still something of a mys-

N A T U R A 

SUBSTANCE CRYSTAL 

SYMMETRY 

terv. Our studies indicate, however, that 
th� rate of migration of molecules from 
one crystal face to another, which ap
pears to be very sensitive to the tem
perature, will be an important ingredi
ent of the final explanation. 

The work I have described does not 
tell us whether we can hope even

tually to modify the weather, but it 

N U C L E 

is aimed at estabJislling some of the basic 
physical processes that are involved in 
the natural formation of rain. We know 
that water droplets of the size found in 
clouds will rarely freeze spontaneously 
except at temperatures of 30 degrees or 
more below zero. �le also know that 
there are terrestrial dusts capable of act
ing as nucleating agents at temperatures 
as high as five degrees below zero. Some 

C A 
CRYSTAL LATTICE THRESHOLD 

A R T  

SUBSTANCE CRYSTAL 

SYMMETRY FORM MISFIT TEMPERATURE 

WITH ICE (DEGREES C) 

(PER CENT) ------- - --_. __ . __ .. . ........ _. __ ._----j-. __ ................... ---- _._.-

ICE CRYSTAL HEXAGONAL [J ii 
COVELLITE HEXAGONAL � /::::; ;:,"

', .. 

BETA TRIDYMITE HEXAGONAL � i ' ; 
MAGNETITE CUBIC ( , 

GLACIAL DEBRIS 

HEMATITE HEXAGONAL 

GIBBSITE MONOCLINIC 

VOLCANIC ASH 

VERMICULITE MONOCLINIC 

NATURAL AND ARTIFICIAL ICE·NUCLEATING AGENTS 
tend to have hexagonal crystal habits, though tbere are notable 
exceptions. At left are nine of the 16 atmospheric dusts found to 
be effective nuclei at temperatures of 15 degrees below zero C. 
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0 0 SILVER IODIDE HEXAGONAL 

-2.8 -5 LEAD IODIDE 

· _ _ ·· __ · __ ·_--·---1 
HEXAGONAL 

-3.5 -7 CUPRIC SULFIDE HEXAGONAL 

�--... �.� 

-7.1 -8 MERCURIC IODIDE TETRAGONAL 

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

- 1 . 1 -9 SILVER SULFIDE MONOCLINIC 

. .. .. .• ...... _-- -

-10 AMMONIUM FLUORIDE HEXAGONAL 

-_. ��'"-. .. 

-3.5 -10 SILVER OXIDE CUBIC 

_._----

+12 -11 CADMIUM IODIDE HEXAGONAL 

-13 VANADIUM PENTOXIDE ORTHORHOMBIC 

-15 IODINE ORTHORHOMBIC 

or higher. At right are 10 of the most effective artificial nuclei. The 
dimensional agreement between the crystal lattices of effective 
nuclei and the lattice of ice is usually a good one, but it does not 
necessarily correlate with threshold temperatmes. The best fit may 
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of the dusts can even be trained to be 
more effective than they are normally. 
But every stable, supercooled cloud is 
visible evidence that effective nucleating 
agents are frequently lacking. Whether 
providing them artificially, under favor
able conditions, will significantly in
crease snowfall or rainfall is a matter 
still to be resolved to the general satis
faction of meteorologists. 

N U C L E 
CRYSTAL 

I FORM 

-_ .. _ ... __ .... ... .......... _-

� 
- ........ .  -

�:: [] 

� v",.,,�
"/ 

4fY 
"4'�' 

/, ." 

LATTICE THRESHOLD 

MISFIT TEMPERATURE 
WITH ICE (DEGREES C.) 

(PER CENT) 

+1.3 -4 

+0.4 -6 

-2 .8 -6 

-3.5 -8 

-0.3 -8 

-2 .9 -9 

-3.8 -11 

-12 

-2.1 -14 

------ ----!-----I-----

-1.5 -14 

Occur between uneven multiples of the lat

tice constants of the crystal and of ice. The 
best fit for any one dimension of the lattices 
is shown in the fourth and ninth columns. 
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POLARIS: Northrop's Datico checks 
out Polaris at all levels of mainte
nance and operation. 

SKYBOLT: Guidance and navigation 
systems are being developed by Nor
throp for this new and highly secret 
air-launched ballistic missile. 

MERCURY: The Northrop landing sys
tem is designed to bring the Mer· 
cury astronaut down safely. 

Northrop is now active in more 

X-15: Northrop produces Q-Ball, the 
flight angle sensor for safe re-entry 
of X-15 and other aerospace vehicles_ 

AERODYNAMICS: Northrop's Laminar 
Flow Control technique is designed 
to greatly increase aircraft range, flex
ibility, cargo and passenger capacity. 

TITAN: Northrop supplies complete 
technical and industrial management, 
to activate the T-2 Titan missile base. 

Northrop Corporation, Beverly Hills, California· Divisions: Norair, Nortronics, Radioplane, Northrop International 
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HAWK: Northrop airframe 
components, ground handling and 
launching equipment for this air de
fense missile. 

COMMUNICATIONS: Northrop designs 
the trans-Pacific Scatter Communi
cations Network and other world
wide communication systems for 
U.S. and free world governments. 

T·38: World's first supersonic twin· 
jet trainer is built by Northrop for 
the United States Air Force_ 

than 70 important programs 

TARGET MISSILES: Northrop has pro
duced more than 50,000 electroni
cally- controlled aerial targets, and 
surveillance drones. 

COMMERCIAL METAL PRODUCTS: Nor
throp produces aluminum architec
tural shapes for many important 
industrial and commercial buildings_ 

Subsidiaries: Page Communications Engineers, Inc., Acme Metal Molding Company_ 

SPACE RESEARCH: Northrop's accel
erated space research programs 
reach into such advanced areas as 
maneuverability, rendezvous, space 
vehicle maintenance, space probes, 
and the survival of men in space. 

133 

© 1960 SCIENTIFIC AMERICAN, INC



THE HU MAN THERMOSTAT 
A ne"rly discovered sensory organ in the brain precisely measures 

the body ten1perature and trips the heat-dissipating mechanisms 

that rnaintain the temperature -within a fraction of one degree 

F
ever is usually the first symptom 

to arouse concern in illness. The 
rise in body temperature is not 

great in the absolute sense. On the con
trary, the attention it attracts is a meas
ure of the constancy with which the 
body temperature is normally main
tained . Compared to the daily and sea
sonal variation in the temperature of 
"cold-blooded" animals, whose internal 
temperature depends upon that of the 
environment, a fever represents a tiny 
variation in temperature. Yet it is many 
times greater than the normal variation 
in the regulated temperature of the 
healthy body. In spite of large differ
ences in environmental temperature
from the arctic tundra and windswept 
highlands to fiery deserts and steaming 
jungles, from season to season and from 
day to night-the body temperature de
parts little from the norm of 37 degrees 
centigrade (98.6 degrees Fahrenheit). 
Life in the cells continues undisturbed, 
although the metabolic processes are ir
revocably linked to temperature by the 
laws of thermodynamics and the kinetics 
of chemical reactions. 

Heat is a by-product of these process
es. With the body at rest, the heat of 
basal metabolism easily supplies the 
necessary interior warmth when external 
conditions are comfortably cool. Only 
under extreme conditions does the sys
tem fail; as wben, in a hot environment, 
physical effort fans the flame of the met
abolic furnace beyond control by the 
regulatory system; or when, in a very 
cold environment, the loss of heat by 
radiation, conduction and convection 
overbalances the metabolic production 
of heat and reduces body temperature 
to a fatal degree. Man of course shares 
this vital capacity \\"ith other mammals 
and with birds. Favored in consequence 
with nervous systems maintained at op-
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by T. H. Benzinger 

timal working temperatures under all 
environmental conditions, the "warm
blooded" animals have become masters 
of the living world on our planet. 

The question of how the body keeps 
its temperature constant within such 
narrow limits has engaged the efforts of 
an astonishing number of investigators. 
It is only recently, however, that one of 
the two parts of the regulating mecha
nism-defense against overheating-has 
been clarified . Max Rubner of Berlin had 
recognized in 1900 that sweating and the 
dilation of the peripheral blood vessels 
constitu te the effector mechanisms for 
the diSSipation of excess heat from the 
body. E. Aronsohn and J. Sachs, two 
medical students at the University of 
Berlin, came upon the center of control 
in the brain as long ago as 1884, when 
they damaged in animals an area "adja
cent to the corpus striatum toward the 
midline." A few months earlier Charles 
Richet of Paris had also produced exces
sive body temperature by puncturing 
the forebrain. It now seems certain that 
in both cases the investigators damaged 
the hypothalamus, an area at the base of 
the brain stem just above the crossing of 
the optic nerves. 

But how does the body sense and 
measure its temperature and bring the 
control center into action? The investi
gation of this question was confused for 
a long time by the conspicuous part that 
the temperature-sensitive nerve endings 
in the skin play in the feeling of warmth 
and cold. In recent years, however, a 
new approach to the problem has been 
made possible by the development of a 
new principle of measurement called 
gradient calorimetry and of the instru
mentation to go with it. Experiments 
employing this instrumentation have 
now located the sensory end-organ at 
which the body "takes" its own tempera-

ture when it becomes too warm. The dis
covery is an unusual one at this late date 
in the history of physiology. The body's 
"thermostat" must now be included in 
the short list of major sensory organs 
adapted to the primary reception and 
measurement of physical or chemical 
quantities. Moreover, it now becomes 
possible to measure the characteristic 
responses of the thermostat and perhaps 
to produce or to suppress those re
sponses artificially. Such investigation 
will lead to a better understanding not 
only of the aberration of fever but also of 
the precise regulation of internal tem
perature that is so important to the 
vital function of the body, particularly 
to the function of the delicate nervous 
system. W'ith the thermostat identified, 
it has also become possible to explain 

TEMPERATURE AT THERMOSTAT in 

the brain is measured by thermocouples 
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placed at forward wall of ethmoid sinus ("a" in diagram at le/t), 

deep in rear wall of nasopharyngeal cavity (c) and at eardrum (d). 

Thermostat itself is in hypothalamus behind sphenoid sinus (b), 

at which temperature has also been measured by thermocouple. 
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HEAT CONTROL CENTER is located in forward part of hypo. 

thalamus (,,), shown in cross section (left) and from below (right). 
Hypothalamus, centrally located under great hemispheres of brain, 

rests on the Circle of Willis (e), an arterial ring through which 

the effects of such mundane factors as a 
hot meal, a cold drink, a hot bath and a 
cold shower. 

When one encounters a physical or 
chemical quantity in technology or 

in a living organism that is maintained at 
a constant level against disturbances 
from ou tside, one looks for a "servo
mechanism." Pressure, rate of flow, 
chemical composition or temperature 
are automatically controlled by such 
mechanisms in the realm of engineering. 
The servomechanisms of the body con
trol the same kinds of variable. In man· 
made devices the chain of control begins 
with a "sensory" instrument, perhaps a 
thermometer, which measures the varia
ble in question. The measurement is re
layed to a "controller" which compares 
it with a set point to which the variable 
is to be held. 'vVhenever the need arises, 
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the controller sends instruction to an 
"effector" mechanism, perhaps to the 
heating system, which brings the tem· 
perature into accord with the set point in 
the controller [see "Feedback," by 
Arnold Tustin; SCIE:\TIFIC A�IERICAN, 
September, 1952]. 

The corresponding elements in bio· 
logical servomechanisms and the nerv
ous and chemical pathways that inter· 
connect the sites of stimulus and re
sponse constitute systems of far greater 
complexity. They are nonetheless put 
together in a similar way. A servomech· 
anism in the human body may be con· 
sidered to be clarified when the sensory 
organ, the controller and the effector 
mechanism are known. and when a re· 
producible, inseparable and quantita
tive relation has been established be
tween the magnitudes of the stimuli and 
of the responses they induce. The net 

effect of the response must be the res
toration of "homeostatic" equilibrium; 
that is, the variable in question must reo 
turn to the optimum, stable level essen
tial to the life of the cells. 

In the control circuit that prevents 
overheating of the body, classical physi
ology had iden tiRed the effector and the 
controller mechanism, but not the sen
sory organ. In a hot environment, as 
Rubner showed, the effector is the dila
tion of the blood vessels in the skin, 
which increases the transport of heat from 
the interior of the body to the surface; 
and sweating, which increases the rate 
of total heat loss from the surface to the 
environment as energy is absorbed in 
evaporation. In a cold environment the 
corresponding mechanism is increased 
metabolic heat-production. 

The location of the controller in the 
hypothalamus by Aronsohn and Sachs 
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blood supply to the brain flows from carotid arteries (c and c') and 

basilar artery (d). Hypothalamus, optic nerves (b and b') and ret· 
ina derive from same tissue matrix. Bulb of pItUItary gland at· 

tached to hypothalamus appears at left, but is cut away at right. 

was confirmed by later investigators .  
Some of them applied the stimulus of 
temperature directly to the site. In 1904 
Richard Hans Kahn of the German Uni
versity in Prague found that heating the 
head arteries of a dog lowered its body 
temperature. In 1912 Henry Gray Bar
bour, a young American physician work
ing in Vienna, carrying out an experi
ment designed by the pharmacologist 
H. Meyer, applied warm and cold probes 
to the general area of the hypothalamus. 
He observed the expected thermoregu
l atory responses. In 1938 Horace W. 
Magoun, now at the University of Cali
fornia at Los Angeles, discovered that 
this function is mediated by a circum
scribed area in the forward part of the 
hypothalamus. Bengt Andersson of the 
Royal Swedish Veterinary Institute in 
1956 delineated the organ with unprece
dented precision in goats. In 1950 Curt 

von Euler of the Nobel Neurophysiologi
cal Institute in Stockholm even succeed
ed in recording, in parallel with tem
perature changes, slow electrical "action 
potentials" from this area of the hypo
thalamus of cats. 

But the body is also equipped with an 
elaborate system of millions of tiny sen
sitive nerve endings, distributed through
out the skin, which produce conscious 
sensations of warmth. The scientific lit
erature tended to support the view that 
the skin and not the hypothalamus fur
nishes the primary temperature meas
urements to the control center for sweat
ing and the dilation of the arteries. Some 
investigators held that both systems 
were involved; a rise in the temperature 
of the "heat center" in the hypothalamus 
supposedly made it more responsive to 
incoming impulses from the tempera
ture-sensing organs of the skin. The 

question, in this view, was one of deter
mining the relative importance of the 
two sites. It was also possible, as some 
believed, that the body possessed a third 
area sensitive to temperature or heat 
Bow, and that neither the skin nor the 
brain was involved. 

I t was not easy to design a conclusive 
experiment. In experimental animals 

one might destroy the nervous pathways 
from the thermoreceptors in the skin to 
the heat center. But the results of such 
an experiment would not exclude the 
possibility that the temperature of these 
centers played a role in heat regulation 
under normal conditions. It would still 
be necessary to carry out the reverse ex
periment and destroy the heat-sensitive 
part of the hypothalamus. Since this 
structure is intimately involved with the 
temperature-control center itself, it 
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LONELY, 
HUNGRY, 
COLD ... 

Jong Sook lives with her grandmother 
in a tent. The grandmother peddles soup. 
She earns enough for one meal a day for 
herself and Jong Sook.Jong Sookdreams 
of school but her grandmother cannot 
afford the small school fees. 

J ong Sook's parents fled to South 
Korea in 1950 seeking freedom from 
Communist rule in the North. They lived 
as refugees. After the cease fire, her 
father worked as a fisherman. In 1957 
he was lost at sea. One month later her 
mother died in childbirth. A child like 
Jong Sook needs your friendship! 

How you can help • • •  

You, your group, your school can give 
person-to-person help to a needy girl or 
boy in Greece, Korea, Italy, Finland, 
France, Lebanon, Wes t  Germany or 
Austria through a Save the Children 
Federation Sponsorship. Your monthly 
contribution of $12.50 wiII provide your 
sponsored child with supplementary 
food, warm clothing, household goods 
and cash. You wiII receive a photograph 
and the story of the child you are help
ing and the child or his family wiII cor
respond with you. Please fill in the cou
pon below and join with thousands of 
SCF sponsors in a warm, rewarding 
experience. 

SCF NATIONAL SPONSORS INCLUDE: 
MRS. DWIGHT D. EISENHOWER 

HON. HERBERT HOOVER 
SPYROS SKOURAS 

Registered 'With U. S. State Depart'm,ent 
Advisory Committee on Voluntary Foreign Aid 

r---;e:;;;� ;;;;;"';;;;;-;::---' 
SAVE THE CHILDREN FEDERATION 

Boston Post Road, Norwalk, Connecticut 
I want a Ogirl Oboy i�'-o u-n-:-'r'-j e -, -;:",j,-:-'.--;d -o"-bo -v--:.) 
or where the need is greatest O. 
Enclosed is my first payment: 
$12.50 a month 0 $37.50 a quarter 0 
$75 semi·annually 0 $150 annually 0 

1 cannot sponsor a child but enclosed is 
my contribution of $ ____ _ 

Name ____________ _ 

Address ___________ _ 

138 

seems impossible to secure the final evi
dence by surgical procedures alone.  

To observe the operation of sensory 
receptors in the skin and in the brain in
dependently of each other in the intact 
organism presented comparable difficul
ties. No one, apparently, had succeeded 
in keeping one of the two sites at a con
stant temperature while observing the 
effects brought about by a temperature 
change in the other. This approach called 
for techniques to measure temperature in 
the human body at the two sites of pre
sumed temperature-reception-the skin 
and the hypothalamus-and some way to 
record, rapidly and continuously, the 
effector responses of vasodilation and 
sweating. 

The gradient calorimeter has satisfied 
the second of these two requirements . 
This rapidly responding and continuous
ly recording successor to the classical 
calorimeter makes it possible to record 
for the first time the total output of the 
effector mechanisms. It measures sepa
rately the heat that is carried from the 
body by radiation and convection and 
the heat that is dissipated by the evap
oration of sweat. From working models 
made and tested by Charlotte Kitzinger 
at the Naval Medical Research Institute 
in Bethesda, Md.,  the first full-scale hu
man gradient calorimeter was construct-

ed under the direction of Richard C. 
Huebscher at the laboratory of the 
American Society of Heating and Ven
tilating Engineers in Cleveland. Similar 
units have now been constructed at other 
laboratories. The gradient calorimeter 
now operated at Bethesda is a chamber 
large enough to hold a man stretched out 
at full length [see illustration below]. 
The subject is suspended in an open
weave sling, out of contact with the 
floor or walls of the chamber, and is free 
to go through the motions of prescribed 
exercise when the experiment calls for 
such exertion. 

The new and essential feature of gradi
ent calorimetry is the "gradient layer," 
a thin foil of material with a uniform re
sistance to heat flow which lines the en
tire inner surface of the chamber. Some 
thousands of thermoelectric junctions 
interlace the foil in a regular pattern and 
measure the local difference in tempera
ture ( and hence the local heat flow ) at 
as many points across the foil. The junc
tions are wired in series; their readings 
are thus recorded in a single potential at 
the terminals of the circuit. That poten
tial measures the total energetic outpu t 
from the subject's skin, independent of 
his position with respect to the surfaces 
of the gradient layer lining the chamber. 
The rate of blood flow through the skin 

HUMAN GRADIENT CALORIMETER makes it possible to correlate body temperature 

with dissipation of heat by radiation and convection from skin and by evaporation of sweat. 

Lining of chamber is interlaced with thermoelectric junctions which measnre heat loss from 

skin; loss by sweating is measured by temperature and humidity control system of calorimeter. 

© 1960 SCIENTIFIC AMERICAN, INC



can be derived by computing this meas
urement against the temperature of the 
outgoing blood ( measured internally ) 
and the temperature of the returning 
blood ( measured on the skin ) ,  since the 
observed transfer of heat per unit time 
at any given difference between internal 
and external temperature can be effected 
by only one calculable rate of blood flow. 
The energy dissipated by evaporation 
from the subject's skin is also measured 
by gradient layers which line heat-ex
change meters at the inlet and outlet of 
the air circuit of the calorimeter .  Meas
urements taken for control make it possi
ble to maintain the same temperature 
and humidity in the air at these two 
points, so that the air neither gains nor 
loses energy as it passes through the 
system. The unbalanced output from the 
additional gradient layers thus precisely 
measures the heat loss by evaporation 
and hence the sweat-gland activity. Heat 
loss through the lungs is measured sepa
rately and subtracted from the total . 

W ith the help of the gradient calorim-
eter our group at Bethesda set out 

to establish the correlations obtaining, 
on the one hand, between the perform
ance of the effector mechanisms and the 
temperature of the skin and, on the other 
hand, between the performance of the 
effector mechanisms and the internal 
temperature of the body. In these first 
experiments it was assumed that rectal 
temperature provided an adequate index 
of internal temperature as measured at 
the internal temperature-sensing organ, 
wherever that might be located. But no 
correlation could be found, in either rest
ing or "working" subjects, between rec
tal temperature and the observed rates of 
sweating. Measurement of skin tempera
ture against the same heat-dissipation 
variable yielded equally meaningless 
plots . For a time it seemed that all the 
effort that had gone into the design of 
the gradient calorimeter had been 
wasted. The results made sense only in 
terms of the classical notion that the 
thermostat in the interior of the body 
and the tempera hIre-sensing nerve end
ings in the skin have indissolubly inter
laced effects upon the vasodilation and 
sweating responses. 

Then we found a way to measure the 
internal temperature of the body at a 
site near the center of temperature regu
lation in the brain. We introduced a 
thermocouple through the outer ear 
canal and held it against the eardrum 
membrane under slight pressure. The 
eardrum is near the hypothalamus and 
shares a common blood supply with it 
from the internal carotid artery. At the 

PANORAMIC 
RESEARCH 
IN 

ENGINEERING AND THE 
PHYSICAL SCIENCES 

ARMOUR RESEARCH FOUNDATION, which is now in its 25th 

year, is one of the world's largest and best known independent re

search and development organizations performing basic and applied 

research for industry and the government. Our prime objective is 

to conduct the best possible scientific research and to serve as a 

highly effective link connecting the facts of nature to their applica

tions in technology. ARF's staff of 600 engineers and scientists con

ducted 785 research projects in broad areas of the engineering and 

physical science fields during the past year. ARF provides its staff 

with a productive research atmosphere, the latest scientific equip

ment, excellent supporting personnel and modern research laboratories. 

Our environment is midway between academic and industrial 

research and offers a broad latitude of opportunities for personal and 

professional growth. Our professional staff is encouraged to develop 

new research ideas which may be supported by any of the diverse 

industrial organizations or government agencies, thereby allowing 

them to pursue their own research ideas. ARF also encourages its 

staff to publish technical papers and to participate in professional 

societies' activities. Salaries are competitive and benefits including 

up to four weeks of vacation are liberal. 

Diversified research programs are currently 
being conducted in the 
following areas: 

Physics Research 

M et.als Research 

Chemist.ry Research 

Fluid Dynamics and 
Syst.ems Research 

E lecl.ronics Research 

Ceramics Research 

I nt.ernat.ional Research 

Mechanics Research 

Techno-Economics 
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FIBER OPTICS . . . light is transmitted 
from light source at left through "light pipe" 

made up of glass fibers. 

Professional positions are available 

for qualified engineers and scientists. 

Please direct inquiries to 

J. F. Collins 

ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
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HEAT DISSIPA TION by sweating plotted against skin temperature yields senseless graph (le/t) 

when natural correlation between skin and internal temperature is broken by internal heating 

thl'Ough exercise. When the same measurements of sweating are plotted instead against internal 

head temperature (right), an inseparable and always reproducible relation appears between the 

stimulus of temperature and the response of the sweat glands, whether the subject is sweating or not. 

very first attempt we observed tempera
ture changes associated with the eating 
of ice or the drinking of hot fluids, and 
we soon found we could detect varia
tions caused by immersion of the limbs 
in warm water. Parallel rectal measure
ment did not show these variations at all . 
To make sure that the entire region of 
the head supplied by the carotid arteries 
can be expected to show the same tem
perature variations as the eardrum, we 
tried other sites .  With the help of local 
anesthesia H. W. Taylor, a surgeon at 
the Naval Hospital in Bethesda, placed 
thermocouples in our heads: at the main 
trunk of the internal carotid in the rear 
of the nasopharyngeal cavity, in the nasal 
cavity below the forebrain and at the 
forward wall of the sphenoid sinus only 
one inch away from the hypothalamus 
[see illustration on pages 134 and 135]. 
Continuous measurements of tempera
ture at these points showed large dis
crepancies with internal temperature as 
measured at the rectum. 

The discrepancies appeared before 
and after the subject exerted himself by 
physical exercise, after internal cooling 
by the eating of ice, after warming the 
arms or legs in warm water and cooling 
them in cold water and after immersing 
the whole body in warm or cold water. 
These were precisely the situations in 
which earlier experimenters had found 
the same absence of correlation between 
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rectal temperature and the heat-dissi
pating responses of vasodilation and 
sweating. It was clear that the tempera
ture at the rectum could under no cir
cumstances be trusted as reflecting the 
temperature at the internal temperature
sensing organ . The hypothalamus was 
plainly the place to look for correlation 
between changes of internal tempera
ture and the responses that regulate it . 
Since the eardrum is by all odds the 
most accessible of the four sites thus 
measured in the head, it was adopted in 
the experiments that followed. Readings 
could be taken here with an error of .01 
degree centigrade against a standard of 
temperature maintained with an error ·of 
.002 degree C. 

The subjects now spent time in the 
calorimeter on many different days 

at different environmental temperatures 
ranging from almost intolerably cold for 
the nude body at rest to almost intoler
ably hot for the subject undergoing exer
tion . Between these two extremes, meas
urements were made for all the interme
diate levels at five-degree temperature 
intervals and with the subject at rest and 
at work. Under each set of circumstances 
the instruments kept a continuous rec
ord as the state of homeostasis was 
reached and maintained for one hour . 
This arduous series of experiments, ex
tended over two months, made it possi-

ble to plot for the first time the heat
dissipating responses of vasodilation and 
sweating independently against skin 
temperature and against internal head 
temperature . The volunteer subject for 
this series, Lawrence R. Neff, was ob
served with a cool skin and cool interior 
( resting in a cold environment ) ,  with a 
cool skin and warm interior ( working in 
a cold environment ) ,  with a hot skin and 
a relatively cool interior ( resting in a 
hot environment ) and with a hot skin 
and warm interior ( working in a hot en
vironment ) . 

The records showed the familiar dis
ordered relationship between the heat
dissipating responses and skin tempera
ture. But the plot of the responses 
against eardrum temperature showed an 
almost perfect undisturbed relation. 
Whatever the temperature of the skin, 
one certain specific rate of sweating and 
no other invariably showed up in asso
ciation with a given internal tempera
ture measured at the eardrum. A repro
ducible, inseparable and quantitative 
relation between the stimulus of tem
perature and one of the heat-dissipating 
responses had at last been observed. It 
exhibited a shatply defined breakoff at 
36.9 degrees C. (98.4 degrees F. ) .  This 
was no doubt the set point of the human 
thermostat in this subject at the time of 
the experiment. The response proved to 
be so forceful that a mere .OI-degree-C. 
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rise in temperature was Sll fficient to in
crease the dissipation of heat through 
sweating by one calorie per second and 
to raise the blood flow through the skin 
by 15 milliliters per minute. 

The success of this series of experi
ments in distinguishing between the 
variations in skin and brain temperature 

was confirmed in many other experi
ments that subjected the body to quite 
different sets of extremes . In one of them 
the skin and the interior of the body were 
warmed as the subject accommodated 
himself in the calorimeter to an environ
mental temperature of 45 degrees C. 
(113 degrees F. ) .  With homeostasis at-
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tained, the subject gulped down large 
measured helpings of sherbet three times 
at suitable intervals . On each occasion, 
as the melting ice withdrew heat from 
the internal organs and the circulating 
blood, the brain temperature declined . 
No less impressively, the skin tempera
ture was observed to rise. The curve 
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uncertain relationship to the hypothalamic temperature measured 
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MEASUREMENTS OF HEAD TEMPERATURE at three points 

near the hypothalamus-at eardrum (tympanic), at ethmoid sinus 

(nasal cavity) and in rear waH of pharyngeal cavity-show close 
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correspondence with one another and with the heat dissipation hy 

evaporation of sweat and heat loss by vasodilation. Location of 

these points is shown in the illustration on pages 134 and 135. 
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Orbiting spacecraft of NASA's Project Mercury will be tracked 

by a global arrangement of 18 communications stations •. 

Keeping track of a man in orbit 
One day this year, the first U.S. astronaut may 

be rocketed into a globe-circling orbit, some 120 
miles in space. Although he will be a mere dot in 
the heavens, a vast world-wide network of eighteen 
tracking stations-including two operating from 
ships at sea-will provide monitoring of every phase 
of the high-flying astronaut's journey in his orbit
ing spacecraft. 

Linking each of the tracking stations with the 
project's Space Flight Center at Greenbelt, Mary
land, and Mercury Control Center at Cape Canav
eral, Florida, will be an array of Teletype equipment 
-Model 28 page printers, automatic send-receive 
sets and punched tape units. These Teletype com
munications devices will record and relay flight data 

collected by tracking and telemetering equipment 
from the spacecraft's instruments to the Flight 
Center, where an elaborate complex of data process
ing machines will coordinate and interpret flight 
data and provide directive information for the world
wide network of tracking stations. 

Teletype Corporation is indeed proud to be a part 
of the Western Electric industrial team selected by 
the National Aero-
nautics and Space Ad- TEL E T Y P E® ministration (NASA) 
to build the vast com
munications network 
so vital to Project 
Mercury. 

CORPORATION 
SUBSIDIARV OF Wt?5Nrn Eke/ric Compally INC. 

Dept. 15-A, 5555 Touhy Ave., Skokie, III. 

Teletype page printer, tape punch and reader units will be used throughout Proj· 

ect Mercury's global communications network to gather and relay flight data. 
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drawn by sweat-gland activity now 
showed unequivocally which tempera
ture-sensing system controls the heat
dissipating responses: the rate of sweat
ing fell off and rose in perfect parallel 
with the decline and rise in internal head 
temperature. It was the consequent dry
ing of the skin that caused the skin to be 
heated by radiation and conduction in 
the hot environmen t .  But the sensory 
reception of heat in the skin brought 
no response from the heat-dissipating 
mechanism. 

These observations accord well with 
the familiar constancy of the body 

temperature . It is difficult to see how it 
could be maintained within the same 
narrow range, year in and year out, if 
the heat-controlling responses were not 
always triggered at the same set point. 
As these experiments show, moreover, 
the responses always closely match the 

magnitude of the stimulus . Such precise 
regulation of temperature could not be 
achieved by measurement of skin tem
perature . As in all feedback systems, the 
quantity which is controlled must itself 
be measured.  An architect who wants to 
control the temperature of a house does 
not distribute thousands of thermometers 
over the outside walls . One thermostat in 
the living room suffices .  It responds not 
only to warming and chilling from out
of-doors but to overheating from within . 
The thermostat in the hypothalamus 
similarly monitors the internal tempera
ture of the body from the inside and 
thereby maintains its constancy. 

This is not to say that the warm-sensi
tive nerve endings of the skin have no 
function in the regulation of body tem
perature . They are the sensory organs 
for another system which operates via 
the centers of consciousness in the cor
tex, bypassing the unconscious control 

ICE 

t 
LTERNJ � 

37 .S 
u 37 .6 

w "" ::::J 

37.4 
37 .2 

� 37.0 
"" 
w 
0.. 

3'i 36.S 
..... 

1-- -

;....-... 

L 

1--. _ t......., 

SKIN 
..... ........ ---

'\ / V 
\ / l>(' J\ L " r---./ '-

center in the hypothalamus. To sensa
tions of heat or cold reported by the skin 
the body reacts by using the muscles as 
effector organs .  Under the stimulus of 
discomfort from the extremes of both 
heat and cold, man seeks a cooler or a 
warmer environment or takes the meas
ures necessary to make his environment 
comfortably cool or warm. But for all the 
mastery of external circumstances that 
follows from this linkage in the body's . 
temperature-sensing equipment, the skin 
thermoreceptors cannot regulate inter
nal temperature with any degree of pre
cision. They can contribute directly to 
the regulation of skin temperature alone. 
The automatic system of hypothalamic 
temperature regulation takes over from 
there and achieves the final adjustment 
with almost un believable sensitivity and 
precision. 

In the regulation of internal tempera
ture, therefore, the hypothalamus can 
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CONCLUSIVE EXPERIMENT establishing hypothalamic tem

perature as key to control of body temperature is charted. At left 

in top chart the subject's hypothalamic ( internal) temperature is 

stabilized at the "normal" 3 7  degrees C. in an environment of 45 
degrees C. (113 degrees F. ) .  Upon ingestion of ice at half-hour in-
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tervals, internal temperature drops sharply and skin temperature 

asceuds. In middle chart rate of sweating falls and rises in close cor

relation with hypothalamic temperature ; shutdown of sweatin g 

accounts for rise in skin temperature. J n bottom chart heat loss 

from skin shows same correlation with hypothalamic temperature. 
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For ships at sea : secu rity 
A t  sea, "security" is  a word with a double meaning. There i s  
t h e  security that ships o f  every k i n d  derive from modern 

methods of navigation. And there is  the security that the nation 
derives from the strength of her naval fleets. 

To both kinds of security, Sperry is a major contributor. 
Some two-thirds of the worl d's ocean-going commercial vessel s 
are equipped with Sperry navigational instruments and con
troIs : Gyro-Compasses that provide the basic true-North indi

cation . . .  automatic steering systems that · 'take the wheel" to 
hold a continuous straight course . . .  sophisticated navigational 
radars and lorans . . .  Gyrofin® ship stabilizers that counteract 
the very rol l ing of the sea . . .  and for small craft ,  simpler yet 
preci se n avigational aids.  

For our N avy - i n  addition to advanced systems for all 

S E A  

nuclear submarines, including the Polaris missile fleet, Sperry 
equipment adds to the striking power of the surface fleet .  M i s
sile tracking radars, for instance, that are on duty with the 
n ewest guided missi le destroyers, cruisers and carriers, p ro
vide acquisition, tracking and guidance for the Terrier and 
the longer range Talos. Or the Sperry fire control and weapon 
direction systems which suppl y  missile threat evaluation dis
plays, target selection , the best m issile-to-target fl ight path and 
"kill" evaluation . 

Whether for the security of p assengers and crew . . .  or for 
that of the Free World . . .  Sperry capabilities in instrumenta
tion, controls and systems are making lasting contributions on 
the surface of the sea, as elsewhere in our modern environ

ment .  G eneral offices : G reat Neck, N. Y. 

S U R FA C E  A I R  S PA C E  
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ARTOC . . .  the Army Tactical Operations Center 

. . .  mobile electronic command post geared to 

the stepped-up pace of tomorrow's battleground. 

ARTOC . . .  a synthesis of the newest techniques 

in communications, electronics and data processing 

. . .  gives the field commander a comprehensive, 
" up-to-the-minute visual display of the battle situation 

. . .  helps him make the right decision at the right time. 
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ARTOC . . . is being developed 

by Aeronutronic Division 

of Ford Motor Company for 

the U. S. Army Signal Corps. It 
is one of many Aeronutronic 

programs aimed at simpli

fying military and industrial 

problems through the use 

of an advanced computer and data processing 

technology. These programs - and many 

. others related to advanced weapon and space 

systems - are underway at Aeronutronic's 

Engineering and Research Center in Newport 

Beach, California. They demonstrate Ford Motor 

Company's rapidly-growing capability in 

meeting the needs of science and 

defense in the changing world. 

A booklet describing Aeronutronic's 

accomplishments and capabilities is available 

to you on request. 

A E R O N U T R O N I C  
AERONUTR O N I C  D I V I S I O N  tJJ;;.f!:J/{gtorY5 � DEFENSE PRODUCTS GROUP 

Ford Road, Newport Beach,  Ca l ifornia 

W E A P O N  A N D  S P A C E  S Y S T E M S . C O M P U T E R S  A N D  DATA P R O C E S S I N G  S Y ST E M S  

M I S S I L E  R A N G E  SYST E M S  A N D  I N ST R U M E N TAT I O N ' A D VA N C E D  E l E C T R O N I C S 

C a r e e r  o p p o r t u n i t i e s a r e  o p e n  f o r  e n g i n e e r s  a n d  s c i e n t i s t s  

n o  longer b e  regarded simply a s  a con
troller which converts incoming sensory 
stimuli into outgoing impulses to the 
effector system. It is itse

,
�f th

,
� site of a 

receptor end-organ, an eye for tem
perature comparable to the retina-the 
receptor organ for light. This analogy 
between the temperature eye and the 
optical eye has, in fact, a sound anatomi
cal basis. Both are derived from the 
same matrix : the bottom of the third ven
tricle of the brain. These are two parts of 
the brain that have a proved sensory re
ceptor function. In the course of evolu
tion the optical eye moved outward to 
connect with a dioptric apparatus partly 
derived from the skin, and thereby 
gained a view of the external world. The 
temperature eye in the hypothalamus is 
located in the interior of the head, where 
it properly belongs. It measures as well 
as regulates the temperature of the 
blood which bathes its cells and the rest 
of the brain, the vital function of which 
requires a closely maintained optimal 
temperature. 

The feedback system that dissipates 
heat and thus keeps the body from over
heating under normal conditions has 
thus been elucidated. The same cannot 
be said, however, of the regulatory sys
tem that steps up metabolic heat produc
tion and keeps the body temperature 
from falling below the optimum level. It 
appears that the two systems operate 
quite differently and that in the meta
bolic warming-up of the body the tem
perature-eye performs its task by inhibi
tion of sensory impulses originating else
where. 

On the other hand, the sure location 
of the thermostat in experiments on 

the "warm side" now makes it possible to 
renew the study of many interesting 
questions. Temperature measurements 
at sites that reliably reflect hypothalamic 
temperature should replace rectal ob
servations of temperature in all these 
studies and even in some clinical situa
tions. How bacterial toxins produce 
fever and how drugs act to reduce it 
can now be redefined in terms of shifts 
in the set point of the thermostat and 
may be made the subject of quantitative 
investigation . The same direct attack 
may also be made upon individual or 
group tolerances and the adaptability of 
human temperature regulation. These 
are important objectives in connection 
with hypothermia ( the reduction of the 
body temperature to low levels ) in sur
gical operations,  and with the conquest 
of new spaces for the life of the human 
species. 
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Here at the U .  S .  Naval 
Postgraduate School 

hour  after hour  . . .  day after day 

for a fu l l  year 

Contro l Data 's 1 �04 Computer 

has set a new high performance 

stan d a rd fo r advanced large

sca le  com puters 

January 1 2, 
1 960 

January 1 7, 
1 960 

January 21 , 
1 960 

T h e  f i r s t  p r o d u c t i o n  

m o d e l  1 60 4  a r r i v e d  

a t  t h e  U .  S. N a v a l  

Postgrad uate Sc hool , 

M onterey, Ca l i fo r n i a . 

T h e  l a rge·sca l e  1 604 
C o m p u t e r  wa s p u t  

i n to f u l l  o p e r a t i o n .  

T h e  compl ete syste m 

was for m a l l y  acce pted 

b y  t h e  U .  S. N a vy.  

Since acceptance the Control Data 
160 4  h a s  b e e n  use d in a va rie ty o f  
applications. The Na vy project NAN WEP 
(Na vy Numerica l Wea ther Pre diction) 
makes use of the 1604 for meteorological 
p ro b le m s, b o th in re s e a rc h  a n d  in 
practical applications such as weather 
predictions for the Pa cific Missile Range 
and for hemisphere - wide Fleet support. 
In a dditio n, s t u de n ts in n e a rly a ll 
curricula of the School receive course 
and labora tory work in the application 
a n d  op era tion o f  th e 1604 Comp uter 
and peripheral equipment. 
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Professor Elmo J. Stewart, Director of the U. S. Naval Postgraduate School Computing Center, at the 

console of the 1604 which has been proving its reliability in round-the-clock performance for a full year. 

H E R E  A R E  T H E  FACTS 
about Control Data 1604 Computers : 
• The 1 604 is an advanced, large-scale computer 
that is operating with an uptime of 9 8 . 5  % (these 
figures represent the total history of all 1 604 com
puters since acceptance) . 

• The 1 604 costs at least $900,000 less than any 
other computer in its advanced class. It is also 
available on lease at a 40% dollar savings. 

• Provided with each 1 604 are a large number of 
existing 1 604 programs.  These programs, along with 
programming assistance provided by Control Data, 
help you utilize the computing power and capacity 
of your 1 604 quickly and efficiently. Control Data 
also provides the FORTRAN II Compatible Com
piler which accepts any problems written in Fortran 
language. 

• The 1 604 is installed by the same project team 

that checks it out prior to delivery. ·Whether pur

chased or leased, each 1 604 is provided with com

prehensive maintenance assistance under a program 
to fit your particular needs. 

• The 1 604 is delivered within 10 months or less. 

• The 1 604 features solid-state, all-transistorized 

construction, high-speed magnetic core storage of 

32,768 48-bit words, parallel-binary operating mode 

programmable to alpha-numeric binary-coded deci

mal, high capacity input-output as fast as 4.8 J.< s 

average per 48-bit word. The 1 604 will perform 

1 00,000 computations per second. 

• The 1 604 has set a new high performance stand

ard for advanced large-scale computers . 

S H O U L D Y O U  S E T T L E  F O R  L E S S ? 

ego �l�A�K�V�N�E� F E�r�!o� '�I�N�!L��,�nE�O� 
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SALPA 

With the vast spaces of most of the oceans for a habitat 

this delicate creature has developed a curious life cycle 

that stretches the reproductive processes to their lin1its 

T
he open seas, far from the edges 
of contaminating continents, con
tain a great number of certain 

delicate and beautiful forms of animal 
life. They are rarely seen, now that large, 
high-speed vessels and airplanes have 
superseded the precarious but often en
lightening custom of crossing the oceans 
in small sailing ships. These organisms 
must be seen close at hand to be seen at 
all; as watery and transparent as the sea 
itself, they cannot be dragged up in nets 
without suffering damage. Among the 
most abundant and successful are the 
salps, or species of the genus Salpa, for 
which there is no other name. Members 
of the chordate phylum to which we our
selves belong, they and their closest rela
tives constitute the subphylum Tunicata 
-the tunicates, most of which go by the 
expressive name of seasquirts and spend 
their adult life attached like plants to the 
sea floor. 

The salps, however, swim freely. 
Feeding directly upon the microscopic 
algae that constitute the pasturage of the 
sea, they live almost throughout the 
oceans. Their range extends from 60 de
grees north latitude to 60 degrees south, 
from the surface down to depths of 500 
and even 1,000 feet. With little competi
tion among themselves or with other 
creatures for the unlimited food supply 
in this almost unlimited space, the salps 
have compounded propagation and 
stretched reproductive processes to their 
limits. Their strange life cycle confused 
the taxonomists of the 19th cenhlry. 
Every species of Salpa has two kinds of 
reproduction, sexual and asexual, culmi
nating in two distinctly different types. 
Each type was originally discovered and 
named independently as a species in its 
own right. If Salpa can be said to have 
found a niche, it is a niche of world-wide 
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proportions. The main problem of the 
species would seem to be that of con
tending with its own innate fragility, a 
problem that its unusual reproductive 
processes seem to have met. 

Salpa presents a model subject for the 
study of some of the most challenging 
problems in the whole of biology. The 
difficulty lies in bringing healthy salps 
and alert biologists together. The organ
ism has attracted the attention of some 
outstanding personalities. Peter Forskal, 
who was a protege of Carl von Linne 
(Linnaeus) and was exiled from Sweden 
for defending civil liberties, found and 
named Salpa late in the 18th century. In 
1815 the fantastic life cycle of Salpa was 
observed and described for the first time 
by the German poet and naturalist Adel
bert von Chamisso, who was on a Rus
sian scientific voyage around the world. 
Chamisso had written the story of Peter 
Schlemihl, about a man who sold his 
shadow (the forerunner of Peter Pan), 
and his report on Salpa was regarded as 
another of his tall tales. Truth eventually 
prevailed, and in 1893 W. K. Brooks, 
founder of the graduate school of zoolo
gy at Johns Hopkins University, devoted 
to Salpa one of the largest volumes ever 
produced on a single genus. 

Salpa has a barrel-shaped body which 
is open at both ends and ranges in 

length from half an inch to six inches 
when fully grown, depending upon the 
species. Up to nine broad muscle bands 
reach almost around the transparent 
body like barrel hoops. Contraction of 
the muscles closes the forward opening
the mouth or inhalant siphon-and the 
water in the internal cavity is forced in a 
jet through the rear opening or exhalant 
siphon. On relaxation the body regains 
its shape, the mouth opens and water 

rushes in. Rhythmic contractions and re
laxations accordingly propel the animal 
forward at considerable speed. This sin
gle activity provides the means of both 
locomotion and feeding. A small brain, 
or neural ganglion, on the back of the 
animal maintains and controls its muscu
lar activity. A single light-sensitive (but 
not image-forming) "eye" is attached to 
the ganglion. The ability to detect light 
is very helpful to Salpa, for its food 
grows where there is light. As salps gulp 
and push through the water they strain 
out the small organisms which supply 
them with nourishment. 

vVhen studied in terms of its function, 
however, the simple barrel displays im
portant elaborations and refinements, 
both internally and externally. As the 
name tunicate implies, Salpa possesses 
an outer tunic that envelops its whole 
body, from one opening to the other. 
The tunic consists primarily of native 
cellulose, a most unusual substance for 
an animal to produce, but a feature that 
Salpa shares with other tunicates. Cells 
and chemicals exuding through the epi
dermis from within reinforce the tunic 
material to form a gelatinous external 
layer unique in the animal kingdom. It 
is this plastic, amorphous substance that 
is molded to give precise shape to the 
organism, including such nautical re
quirements as fore and aft streamlining 
and, in many species, a central and lat
eral keel. 

Efficient locomotion and feeding de
pend upon an unrestricted flow of water 
through the inner cavity. Thus the in
terior of the body suggests a deck 
cleared for action. The vital organs lie 
well out of the way; the heart and in
testine in particular are virtually con
fined to a bulb at the stern below the 
level of the jet stream. The valveless 
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FOUR SPECIES OF SALPA appear to be eight because each has 

(wo forms. Solitary or asexual types are at left; aggregate or sexual 

types are at right. Species are affinis (a), maxima (b), /usi/ormis 

a 

d 

(c) and pinnata (d). Aggregate maxima contains an embryo, visi

ble as an oval structure in its back, between the muscle groups. 

The scale is the same for each pair but different for the four species. 
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TUNIC GUIDE BAR 

MUSCLE BRAIN COMPLEX 

EXHALANT SIPHON 

INTESTINE STOlON 
HEART 

MAJOR ORGANS OF SALPA appear in this diag..am of solitary 

form of Salpa maxima, shown approximately natural size. The 

guide bar directs mucus, and nutrient organisms trapped in it, 

back to intestine. Brain complex includes brain, eye and subneural 

gland. Contractions of muscles squeeze the hollow body, forcing a 
jet of water out of exhalant siphon to propel the animal forward. 

heart, like that of all tunicates, regularly 
reverses its direction of pumping after 
every 40 or 50 beats. In front of this 
"engine room" a long glandular groove, 
the endostyle, extends to the forward 
end of the large inner chamber. Endo
style tissue secretes strands and sheets 

PLACENTA 

a b c 

of mucus that pass up the sides of the 
chamber and are directed largely by the 
flow of water backward and downward 
to the intake of the alimentary system at 
the rear. As the water flows through the 
chamber, the mucus traps the food or
ganisms and carries them into the intes-

ENDOSTYlE 

d e 

tine. The feeding process comes to some 
extent under the control of the subneural 
gland that touches the underside of the 
brain and has a duct opening into a feed
ing chamber. Both the endostyle and the 
subneural gland are of great evolution
ary significance. The endostyle is un-

f 
GROWTH OF EMBRYO from egg iu Salpa democratica starts (a) 

with· a placenta and a dome made of follicle cells furnished by 

parent. Dividing cells of egg "plaster" dome (b and c), using it as 

a scaffolding. Tissue differentiation begins (d and e), and an 

embryo becomes recognizable (f)" These drawings and those ou 

opposite page are all to same scale and greatly enlarge the embryo. 
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doubtedly homologous with the thyroid 
gland of vertebrates. The subneural 
gland represents the pituitary, complete 
with pituitary hormones, although the 
function of the gland and its hormones 
in Salpa and other tunicates is still ob
scure. 

Such is the basic organism. It is the re-
productive processes of Salpa, how

ever, that really set the genus apart. The 
alternating sexual and asexual life cycle 
was £rst deciphered by Chamisso. In all 
of the species the sexually produced 
salp is known as the solitary type; the 
alternate generation, produced by a 
process of budding, is called the aggre
gate type. The solitary type is always 
the larger and better formed, although 
it never develops sexual reproductive tis
sue of its own. Instead, it produces a 
long, ropelike, budding "stolon" from the 
lower side of the interior cavern of the 
body, between the heart and the endo
style. As this tube grows, it subdivides 
into segments that remain joined togeth
er but develop into individual salps, 
smaller than the parent. Each length of 
chain gives rise to 50 to several hundred 
individuals, so that many thousands may 
be produced by a single solitary form. 
Each of the aggregate forms resulting 
from this process produces one embryo 
within itself by union of egg and sperm 
from its hermaphroditic sexual organs. 
The embryo is sexless but is equipped 
with an already budding stolon when it 
approaches full size and bursts the body 
of its nurse. Consequently each one of 

BRAIN COMPLEX SIPHON 

I 
''''''---::::;;:�n;�:;=;:::---

PLACENTA 

g 

these embryos produced by the sexual 
process, and launched as an independent 
solitary form, has a good chance of pro
ducing its budding chain 'of hundreds or 
thousands of sexual nurses. The process 
of budding, which is like knocking chips 
off the same block, gives rise to an enor
mous population of individuals all ex
actly alike. The sexual process, on the 
other hand, not only multiplies that 
population but introduces some degree 
of variability, and therefore adaptability, 
to changes in the oceanic environment. 
So it goes, the chain or aggregate salps 
producing eggs that develop into the 
sexless solitary forms, and the solitary 
salps producing sexual chain forms. 

Many problems concerning the physi
ology of Salpa and the ways in which the 
alternating types behave in relation to 
ocean currents at various depths remain 
for investigation. The most challenging 
questions, however, concern the dynam
ics and developmental mechanics of both 
asexual and sexual reproduction, for 
these relate to the very nature of life it
self, especially to the nature of the or
ganization of living matter. 

All familiar objects, including living 
things, exist in three spatial dimensions. 
A building, a crystal and an organism 
can be described with reference to these 
three dimensions, always with assurance 
in the case of the building and crystal, 
and usually without qualms in the case 
of an organism. Every organism, how
ever, is a dynamic, open system that 
changes with time, and the time dimen
sion cannot be tacitly ignored, as it is in 

the consideration of an inanimate ob
ject. This is one reason why an organism 
is so difficult to deHne, for the thing it
self includes all that exists and happens 
from the beginning to the end of its de
velopmental cycle, from conception and 
the cradle to old age and death. Salpa is 
no exception, but it is more than usually 
elusive. Salpa the egg becomes the 
fully grown solitary salp with its rapid
ly growing and subdividing stolon which 
is still part of itself. Or is it? Here the in
dividual becomes truly confused be
tween the one and the many. In fact the 
events that take place during the out
growth of the Salpa stolon show that na
ture's way with geometry, solid and dy
namic though it may be, is more mysti
fying than enlightening. 

T he outgrowth itself £rst emerges as a 
hemispherical bulge and then as a 

string on the belly side of the early em
bryo of the solitary type, while it is still 
developing within its nurse. The stolon 
grows rapidly to form a long slender 
tube. The outer envelope of the tube is 
an extension of the parental epidermis. 
Within this envelope lies an inner tube 
that grows from the lining of the inner 
chamber of Salpa just behind the endo
style. The only other tissue participating 
in the initiation of the stolon is a strand 
of connective tissue derived from that of 
the parent and extending along one side 
of the stolon in the space between the 
two tubes. The stolon as a whole not 
only grows in length; it is continually 
added to by new stolon tissue rapidly 

h 

DEVELOPMENT CONTINUES with the appearance of muscle 
bande, the mouth, the exhalant siphon and other features (g). 
EveR the rudiments of the stolon appear (h), long before the 

embryo is l��ge enough'to be 
'
recognized by the naked eye as a tiny 

- salp. All tIle growth takes place within the parent or nurse salp 
(not shown' here): Later development is illnstrated on next page. 
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forming at the junction of stolon and 
body. Stolon tissue already formed is 
consequently shunted progressively far
ther and farther from the point of origin. 
It is this comparatively simple tubular 
sb'ucture that produces thousands of 
sexually mature salps. 

The process of production, both quali
tatively and quantitatively, is a signifi
cant one. To begin with, the stolon, as a 
tube within a tube, represents the pri
mary organization of most animals; that 
is, a digestive tube within an epidermal 
envelope and additional tissue in be
tween. Two other components appear 
early in the development of the stolon. 
A groove sinks in along the outer wall, 
on the side opposite the strand of con
nective tissue, and quickly deepens to 
form a slender tube below the outer sur
face, finally separating completely to lie 
in the space between the original outer 
and inner tubes of the stolon. This proc
ess of groove and tube formation is vir
tually the same as the process by which 
the neural tube, leading to the forma
tion of the spinal cord and brain, de
velops in the embryos of all vertebrate 
animals. In Salpa the tube thus formed 
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similarly gives rise to the brain, eye and 
subneural gland of the sexual salps-to
be. In a somewhat comparable manner 
the lateral wall of the original inner tube 
of the stolon everts at two points on op
posite sides of the central cavity to form 
two more tubelike structures in the an
nular space between the two original 
tubes. These are the rudiments of the fu
ture feeding and digestive apparatus. 
Lastly the connective-tissue strand be
tween the outer and inner walls begins to 
differentiate as ovary and testis. 

This procedure of forming the pri
mary tissues one from another is cus
tomary and is of general interest to em
bryologists. The truly paradoxical situa
tion here is that the embryonic process of 
tissue differentiation is already well un
der way, yet the individuals destined to 
develop from it have not been defined. 
The stolonic tube is a straight, undivided 
column growing mainly from its base, 
like toothpaste squeezed from a tube. A 
cross section a short distance from the 
base looks like a cross section of an early
stage vertebrate embryo. But there is as 
yet no definable individual salp to be 
seen. In other words, organization is well 

b 

established in two of the three spatial 
dimensions but not in the third dimen
sion, corresponding to the longitudinal 
axis of the stolon. It is as though the 
stolon material continued to flow out 
from the base or point of origin without 
developing pattern or organization in the 
direction of flow, but progressively de
veloping pattern in the two transverse 
planes. This phenomenon is character
istic of that state of matter known as 
liquid crystal, which is typical of sub
stances that combine a degree of crys
talline pattern with the capacity to flow. 
The suggestion has often been made 
that living matter is essentially a liquid 
crystal, and here perhaps is one of the 
most striking examples in the living 
kingdom. Admittedly this explains very 
little. On the other hand it emphasizes 
the challenging nature of salp reproduc
tion and the need to understand it. 

commencing with this mysteriously 
flowing and incompletely organiz

ing stolonic tube, how do the separate 
individuals of the salp chain arise? The 
way this end is accomplished is almost 
as remarkable as the fact that it needs 
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PARENT OR NURSE SALP (color) is still immature (a), but 

contains embryo (black) at stage of development seen in last draw

ing on preceding page. View here is from top. Nurse matures (b) 

as embryo grows large. Finally embryo bursts parental body and 

goes free (c), bearing a well-developed stolon which will produce 

thousands of sexual salps. Broken line indicates outer edge of tunic. 
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DOODLEBUGS AND BOMBS 

As far as the earth is concerned, one explosion is much like 
another. Geophysical oil-exploration "shots" and bomb blasts 

both involve common seismic shock detection and assessment 
techniques. Since 1951 more Dresser Electronics' "doodle

bugging" instruments have been in use around the world than 
all competitive equipment combined. 

ALL JlESUMES WILL liE CONSIDEJlED CONFIDENTIAL 

For the Department of Interior Dresser Electronics is now 
proud to supply seismic refraction amplifier systems for 

the Major Crustal Studies Program. 

Dresser Electronics systems engineering is also at 
work in airborne telemetry ... civil defense . . •  

process control ... anti-submarine warfare . • •  
mobile hospitals-projects throughout 

military, industrial and defense areas. 

The unique approach of this systems-oriented 
company may solve your problem. 

DRESSER ELECTRONICS 
Is I El DIVISION l ONE OF THE DRESSER INDUSTRIES 

10201 Westheimer, Houston 42, Texas 
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to be accomplished at all. It is as though 
a sausage were sliced very thin and 
held together while each slice grew 
thicker and thicker until it became a 
complete sausage itself. In actuality 
the outer wall of the lengthening stolon, 
although persisting as a single layer, 
thickens in the region just beyond the 
point where the neural tube has formed. 
The cells in this thickened zone arrange 
themselves in parallel rows running 
completely round the stolon, as though 
lined up on parade. Then each front row 
steps out, so to speak, and its cells 
stretch and divide, forming a ring or 
band around the stolon that is first two 
cells wide, then four cells wide, and 
so on. By this process each band stead
ily expands in the direction of the long 
axis of the stolon and begins to CUlve 
inward at its front and hind borders. 

a 

A groove thereupon appears between 
each encircling band and the next, 
pinching inward deeper and deeper as 
growth continues. The tubular stolon 
is thus virtually cut into a series of 
rings, each more or less separate from 
its neighbors. Each ring, including a 
section of the internal components of 
�he stolon, develops into a complete 
individual salp of the sexual type. 
Epidermal foldings thus effectively slice 
the stolon into prospective individuals. 
But what actually occurs in the epi
dermal outer wall of the stolon to cause 
the cells to line up in rows, each row 
representing a whole sexual individual
to-be, is a complete mystery. 

If this were all, the outcome would 
be a chain of salps linked together head 
to tail. But such is not the case. Two 
kinds of structural shift now intervene. 

The first of these is the "assembly"; 
it consists of a relative shifting or migrat
ing of tissues in the transverse plane 
of the stolon, a process as difficult to 
follow as to describe. In the second shift, 
the "deployment," the developing sin
gle chain transforms itself into a dou
ble chain of salps placed back to back. 
W. K. Brooks described this process in 
an analogy: "Let us represent the series 
of salpae by a file of soldiers, all fac
ing the same way. Now imagine that 
each alternate soldier moves to the right, 
and the others to the left, to form two 
files still facing the same way. Now 
let them face about so that the backs 
of these in one row are turned towards 
the backs of those in the other row. 
They will now represent the two rows 
of salpae." This is essentially what hap
pens. In the genus Cyclosalpa the proc-

TUNIC 

OUTER EPIDERMAL TUBE 

EXHALANT SIPHON 

d c 

STOLON OF SALPA, holding thousands of tiny nurse salps, may 

stretch for six feet behind solitary form (a). Developing and 

segmenting zones (b) lie within parent, close to heart and endo· 

style. Stolonic growth takes place between X and Y, in direction 

of Y. Every pair of vertical lines in segmenting region represents 
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INNER ENDODERMAL TUBE GENITAL STRAND 

NEURAL TUBE PERI BRANCHIAL TUBES 

GENITAL STRAND 

a future salp. The peribranchial tubes will become digestive sys· 

tems. The assembly and deployment zones (c), with new salps 

forming in the third dimension, are at point where stolon comes 

out through tunic (as seen in "a"). Further along the stolon con· 

sists of small, well·formed sexual salps (d), which will break off. 
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ttThe great thinking 
of the past is the key 
to our survival" 
A message from Edward Teller 
Nuclear Physicist, Professor of Physics.at.Large, 
University of California 

"The world we live in is made up of many ideas, many 
people, many races. How we in the Free World 
survive depends upon how well we communicate with other 
societies-and how well we explain the great ideas 
that deal with such things as freedom and the dignity of 
man. Many of us take these ideas for granted-forgetting how 
revolutionary they really are -even in our modern world. 
We also tend to forget the sacrifices which the realization 
of these ideas required, and the many centuries it took 
to make them a reality. 

"If we do not give careful thought to the evolution of our 
civilization, how can we explain our ideas to others? This 
is why I feel the books of the Western world constitute 
an invaluable treasure. A conscientious and ingenious effort 
has been made to select 443 of the greatest works of 
Western civilization for the 54-volume GREAT BOOKS OF THE 
WESTERN WORLD. Though they represent a mere fraction 
of the great ideas which have led to the globe-circling 
society of modern man, they offer a basic understanding 
of origins of our world politically, spiritually, scientifically 
and philosophically. Anyone who delves into the GREAT 
BOOKS will find many occasions in a lifetime to return to the 
great writing and thinking in these volumes." 

Essential in the library of every thinking person 

GREAT BOOKS 
Published by the 

Encyclopaedia Britannica 
in collaboration with 

the University of Chicago 
OF THE -W-ESTERN -W-ORLD 

now available direct from the publisher with great new S Y NT 0 PI C ON 

Amind is filled and enriched by a new 
concept only if the concept is fully 

understood. And only a scholar with long 
years of disciplined study behind him can 
ordinarily stick to the task of absorbing 
the great abstract ideas without an in
structor. Guidance, interpretation, dis
cussion are usually necessary to give 
them meaning and application to one's 
own life. That is why this Private Library 
Edition of the GREAT BOOKS was published. 

The key to its enormous value is the 
"teacher" it provides - the amazing SYN
TOPICON pictured above. The SYNTOPICON 
is a new concept in self-education. It is 
the product of 400,000 man-hours of re
search by 100 scholars over a period of 
eight years. It is quite literally a great 
"teacher" living in your home ... always 
at your disposal to interpret to you the 
great ideas contained in the GREAT BOOKS. 

As you begin to absorb and understand 
these great ideas by which m�n has. sur
vived and progressed, you wIll begm to 
reflect their greatness in �our own abi�ity 
to think, speak, and act ':"lth new and lID
pressive weight. y?� wIll have sound«;r 
judgment on pohhcal and economIC 

issues as the great minds who conceived 
and contributed law and justice make the 
whole great idea of government clear to 
you. You will develop a sounder philoso
phy of life as your mind is illuminated by 
the great minds of the ages. 

You will not be limited in your business 
progress by your own narrow specialty, 
but will be prepared to handle the daily 
problems of top level management which 
call for broad general thinking rather 
than limited technical knowledge. 

Even in your own personal life, a 
knowledge of mankind through century 

on century can guide you to the decisions 
and actions which have eternally resulted 
in the greatest success and contentment. 

Don't miss this opportunity to learn all 
the details of this handsome Private Li
brary Edition of the GREAT BOOKS. Mail 
in the coupon below for a free descriptive 
booklet. It will explain how you can find 
new understanding of yourself and the 
world through the great ideas which have 
engrossed men since the written record of 
man began. It is in this way that one 
stretches mind and souL It is in this way 
that one grows in wisdom. 

-----------------------, 
GREAT BOOKS OF THE WESTERN WORLD, DEPT. 24-E I 
425 N. Michigan Avenue, Chicago II, Illinois I Please send me, tree and without obligation, your handsome booklet which 
pictures and describes the revolutionary SYNTOPICON and the GREAT BOOKS I In full detail - and also complete information on how I may obtain this 
magnificent set, direct from the publisher, on your easy budget plan. I 

I Nam: �e--------'(p=-l�ea�s7e�PT�in�t�)----------
Address' ______________________ I 
C,ty Zone __ State I 

In Canada, wnte GREAT BOT�rg�t����_:;�RN WORLD, Terminal Bldg, I 
-----------------------� 
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LIVING SALP A FUSIFORMIS of the solitary type, taken from the 

Bay of Naples, trails its stolon. In actnality the animal is only 
1 % inches long. This photograph and the one below were both 

taken by Anita Brinckmann at the Naples Zoological Station_ 

ess is even more complicated and 
produces a chain of salps arranged in 
wheels. 

As if this were not challenge enough, 
Salpa complicates the picture further. 
To the primary rhythmical process by 
which it figuratively slices the stolon 

up into prospective sexual or nurse 
salps, the salp adds another by gen
erating the stolon from its point of 
origin not in a steady, continuous out
growth but in a succession of growths 
and pauses. The solitary salp thus pro
duces a long chain that is divided into 

blocks, each block consisting of in
dividuals of much the same size bUl 
separate from the block before and be
hind it. What starts and stops each 
surge of growth of the stolon remains 
a mystery. 

In view of the bizarre nature of its 

SALPA MAXIMA of the aggregate type, derived from a stolon, 

was also alive when photographed. Aggregate salps produce an egg 
and one offspring. This particular specimen is about 4 V:z inches 
long, as can be calculated from centimeter rule in the picture. 
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Keeping our electronic ears open 

Even the most elementary understanding of our 

continent-wide radar defense system is sufficient 

to give breath-catching meaning to the security 

which this electronic monitoring provides. Here, 

where incomparable performance capabilities are 

achieved, Tung-Sol hydrogen thyratrons deliver 

the tremendous pulse needed to "hear" the move

ment of distant airborne objects. 

The whole world has been the proving-ground for 

these pulse-modulator switching tubes. Nature it

self has provided environmental conditions no lab

oratory could match in scope and severity. From 

polar cold to steaming tropical heat, Tung-Sol hy

drogen thyratrons have shown the high reliability 

that is characteristic of Tung-Sol products. They 

are another demonstration of Tung-Sol's leader

ship as a supplier of the finest components that 

make electronics happen. Tung-Sol Electric Inc., 

Newark 4, New Jersey. 

®TUNG-SOr 

MIL-SPEC ELECTRON TUBES AND SEMICONDUCTORS-INDUSTRIAL AND AUTOMOTIVE LAMPS 
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Major Expansion in the pro graIn of the 

Laboratory requires participation of 

senior IneInbers of the scientific COIn

Inunity in our prograIns: 

RADIO PHYSICS and ASTRONOMV 

SYSTEMS: 

Space Surveillance 

Strategic Communications 

Integrated Data Networks 

NEW RADAR TECHNIQUES 

SYSTEM ANALYSIS 

COMMUNICATIONS: 

Techniques 

PsyChology 

Theory 

INFORMATION PROCESSING 

SOLID STATE Physics. Chemistry. and Metallurgy 

• A more complete description of the Laboratory'S 
work will be sent to you upon request. 

Research and Development 

LINCOLN LABORATORY 
Mass achusetts Institute of Technology 
BOX IB 
LEXINGTON 73, MASSACHUSETTS 
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asexual reproduction, it is perhaps not 
surprising that the egg of a salp de
velops in a manner exclusively its own. 
The eggs of most animals develop more 
or less straightforwardly into organized 
structures simply as the result of suc
cessive cell divisions, mutual cohesion 
among the cells and progressive chemi
cal differentiation of their substance. 

Salpa approaches the problem of mak-
ing a salp out of an egg rather differ

ently. Cells of maternal origin, known 
as follicle cells, form an envelope en
closing the fertilized egg, and the egg 
remains protected and nourished by the 
maternal organism. This alone is not 
too unusual a means of ensuring suc
cessful development of animal eggs. 
What is unique is that the protective 
tissues, of parental origin, lay out the 
scale, the axes and the relative dimen
sions of the future embryo long be
fore an embryo exists, like a scaffolding 
erected around a house about to be 
built. Within this structure the egg un
dergoes a succession of cleavages in the 
usual way, except that its cells fail to 
remain together as a developing em
bryo; on the contrary, they form iso
lated clusters with the follicular tissue. 
These clusters slowly expand into sheets 
of embryonic tissue which stick to the 
walls of the enveloping protective tis
sue. When they finally join up with 
one another, the enveloping structure 
disappears, and only then can a true 
embryo be said to exist. It is as though 
the inner walls of an enclosing scaf
folding were plastered with rapidly 
growing egg material. The scaffolding, 
which sets the initial scale of organiza
tion and the primary axes of the future 
salp, finally disappears when the need 
for it is past. 

Taken together, the processes of sexual 
and asexual reproduction and develop
ment in Salpa show a striking opposi
tion. In sexual development the cells 
derived from cleavage of the egg form 
isolated clusters that belatedly unite 
to make the individual whole, whereas 
in asexual reproduction the original sin
gle individual becomes many, though 
remaining organically and genetically 
one. Many questions arise, two above 
all: the philosophical question concern
ing the nature of individuality, and the 
fundamental problem of the nature of 
biological organization. When salps, 
biologists and technical facilities even
tually come together under suitable 
circumstances, Salpa may become one 
of the great contributors to the under
standing of the nature of living matter. 
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From a single silica "acorn" 

DAVISON has grown a mighty 

family of Syloid® servants 

From paints to paper, plastics to pharmaceuticals, inks, oils, constantly. If you have a problem where a Syloid could help, 

and insulation ... Davison Syloids are performing functions such perhaps we can develop or adapt one for your needs. For further 

as flatting, anti-blocking, thickening, anti-caking, and anti-gassing information and facts on Davison Syloids, write Dept. 5101. 

that cannot be duplicated by other known products or methods. 

But, as in any other family, there are differences in the Syloid 

silicas. These differences are effected by varying pH, oil adsorption, 

surface area, pore volume, pore diameter, density, and particle 

size. And new uses for Davison Syloids are being discovered 

DEPARTMENT 5101 

"".A.GRACE & co.��� 
DAVISON CHEMICAL DIVISION .... 
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SAL TIMORE 3, MARYLAND \\ 
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IN SPACE COMMUNICATIONS 
AND RADAR is dependent on precise measurement in ex
tremely high-speed electronics, "fast" circuits which commonly generate repetitive 
phenomena lasting as briefly as one billionth of a second. 

Progress in electronics requires the measurement of these phenomena, ideally 
on the screen of an oscilloscope. Most oscilloscopes, unfortunately, have "speed" 
limitations of 15 to 30 million cycles per second. 

Hewlett-Packard engineers, following a fresh though at times forbidding approach, 
literally broke through the limitations of conventional circuits by radical employ
ment of established sampling techniques. 

The resulting oscilloscope permits viewing and exact measurement not only at the 
common frequencies of 15 to 30 million cps-but all the way up to 1,000 million 
cycles per second-l,OOO megacycles! 
This new oscilloscope is but one of some 400 Hewlett-Packard instruments serving 
the needs of science, industry and the military. 

rtf; engineers work daily to produce precision electronic tools for making ordinary 
and extraordinary measurements dependably and easily. They work in an invigor
ating atmosphere which rewards initiative and offers freedom of action. Company
sponsored research in the world's most modern electronic laboratories promises 
a continuing flow of contributions to scientific progress. 

r$jJ seeks to engineer into each 
instrument a genuine contribution 

to the art of measurement. 

•• 
���!� i ' i •• �. 
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r$jJ 18SA 10 to 1,000 megacycle 
oscilloscope for 

measuring and analyzing 

Transistor response time 

Diode switching time 

Radar pulse j itter 

Computer memory-unit switching 

UHF radar and 
communications voltages 

Fractional nanosecond 
time pulses 

Easy, conventional scope operation 
Big, bright, steady 5" CRT picture 

HEWLETT-PACKARD COMPANY 
150"t Page Mill Road, Palo Alto, California Hewlett-Packard S.A., Geneva 

Sales representatives in all principal areas 6376 
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"We find 
great things 
are made of 
little things ... " 

Robert Browning 

Concerning the relative values of 

material sizes, large and small, 

Browning simply rephrased an 

oncient truism. But he went about as 

far as ony logicion can go. 

For, greatness - in the sense of 

worth - depends not only upon an 

entirety but upan each of its parts, 

however small. And today, as man 

builds larger, more complicated 

mechanisms he must also produce 

smaller, mare precise components 

than ever before. 

MPB bearings, backed by lang 

leadership in miniaturization for 

scientific and industrial applica

tions, are available in over 500 
types and sizes. O.D.'s range from 

1/2" to 1/10", with specials pro

vided on request. For a complete 

catalog, write to Miniatu re 
Precision Bearings, Inc., 

51 Precision Park, Keene, N.H. 

:rv1='E helps you perform miracles 

in instrumentation 

M '-..cl 4 
:MINIATURE PRECISION 

BEARINGS. INC. 
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MATHEMATICAL GAMES 
In which the author chats aga177 with 
Dr. Matrix, numerologist extraordinalY 

by Martin Gardner 

Raders of this department may re
call that a year ago ["Mathemati
cal Games"; January, 1960] I 

wrote of my visit to Dr. Matrix, a re
mm-kable numerologist then living in 
New York. Dr. Matrix had pointed out 
that Nelson A. Rockefeller would be a 
much stronger Republican candidate 
than Richard M. Nixon because of a 
curious numerological law which makes 
it imperative that every U. S. president of 
the 20th century have a double letter in 
his name. (Dwight D. Eisenhower is the 
sole exception, but in both his elections 
his opponent, Adlai E. Stevenson, lacked 
the double letter. Ike's double initials 
were therefore sufficient to tip the 
scales.) Dr. Matrix's law was so dramati
cally confirmed by the subsequent elec
tion of John F. Kennedy (the only 
serious contender for the Democratic 
nomination, by the way, whose name 
contained a double letter) that I was 
eager to see him once more, hoping to 
extract from him similar insights into 
the events of the coming year. 

Telephone inquiries revealed that Dr. 
Matrix had moved to Los Angeles. Late 
in December 1 had occasion to Ry to 
L. A. for other reasons, so I made a spe
cial point of wiring him and arranging 
for an appointment. His office was on 
the 14th Roor of a large apartment build
ing not far from the University of Cali
fornia at Los Angeles. When 1 entered 
his spacious reception room 1 was 
pleased to see that Miss Toshiyori, his 
attractive Eurasian secretary, was still 
with him. She gave me a charming smile 
of recognition, and immediately ushered 
me in to the numerologist's office. 

"Please sit down," she said. "Dr. Ma
trix will be with you in a moment." 

Soft strains of unfamiliar music, Ori
ental in flavor, came from a concealed 
overhead source. Large gold numerals, in 
a square array, gleamed against a back
drop of black velvet on the wall behind 
a glass-topped desk. 1 was adding the 

rows to see if they formed a magic 
square, when Dr. Matrix parted the cur
tains of a side door and entered the room. 
He was a tall, lean man with a large, 
hawklike nose. 

"On my last visit," I said as we shook 
hands, "those numerals formed the holy 
triangle of the Pythagoreans." 

"Ah, yes," he said. "I like to change 
their arrangement every month. 'Vhat 
you see here is an antimagic square. 
Each row, column and main diagonal 
sums to a different totaL" 

"Most interesting," 1 commented as 
1 jotted the square on my note pad [see 
illustration below]. 

"Not really," he replied. "There are 
several hundred ways to construct sllch 
a square. Much stronger antimagic 
three-by-three squares are possible, with 
additional sets of three cells participat
ing in the antimagic property, but I'm 
rather fond of this one because of the 
spiral way the digits are arranged." 

"By the way," 1 said, "coming up in 
the elevator 1 noticed that the building 
has no 13th Roor. Doesn't that make 
your Roor-the 14th-really the 13th?" 

His green eyes twinkled with amuse
ment. "Of course. 1 hope you don't 
think me superstitious. By the way, are 
you aware that in this country 13 is some
thing of a national symbol? Why, you 
Americans are surrounded with remind
ers of your 13 original states, from the 
number of stripes on your Rag to the 
number of buttons on the Rap of a sail-

1----2----� 
I 
! 
I 

@----�- 4-
! ! 
I I 
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Spiral of digits forms antimagic sqnare 
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VACUUM ��HAIIDW�RE;' unlimi�el! � 
... for your Super-Vacuum Complex 

Tailored to the parameters of specific ultra-high-vacuum systems, the UHV com
ponents you see here are examples of custom-built "hardware"-designed and built 
by RCA, for both nuclear and space application. 

RCA systems-proved developments like these are used in major super-vacuum 
projects involving vessels of thousands of litres volume and operating at pressures of 
JO-lOmm Hg. They form the UHV complex in the world-famous C-Stellarator-built 

to harness thermonuclear fusion. 
If you are getting ready to probe the frontier of super vacuum, RCA ingenuity and 
experience in sophisticated vacuum technology can help you meet the challenge. 
RCA has developed and designed ... bakeable valves ... liquid gas-cooled traps ... 
sapphire windows ... quartz windows ... gold seal flanges ... ceramic seals ... cryogenic 
vacuum pumps ... in a variety of configurations. RCA also offers engineering and 
manufacturing capability for the design, construction, test, and installation of any 
ultra-high vacuum complex you require. 
For detailed facts about RCA UHV components and systems-custom-built 10 any size, 
write: Space Components Marketing, RCA Industrial Tube Products, Lancaster, Pa . 

The Most Trusted Name in Electronics 

• '�. • RCA ELECTRON TUBE DIVISION 

U ® 
RADIO CORPORATION OF AMERICA 
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An old Celtic key for analyzing the names of Kennedy and Nixon 

or's dress blues. Do YOll have a dollar 
bill?" 

I took a bill from my wallet; Dr. Ma
trix pointed to the green side, on which 
are reproduced the two fa�es of the 
Great Seal of the United States. "If you 
count the steps of the pyramid," he said, 
"you'll find there are exactly 13, The 
motto above the pyramid, Anl1uit coep
tis, has 13 letters. The bald eagle on the 
right has a ribbon in its beak that bears 
the motto E pluribus unum-also 13 let
ters, Over the eagle's head are 13 stars, 
There are 13 stripes on the shield. The 
eagle's left talon holds 13 war arrows 
and its right talon holds an olive branch 
of peace with 13 leaves. At the base of 
the pyramid you'll see the date 1776 in 
Roman numerals. Seven and six add up 
to 13. Of course all this doesn't prevent 
me from trying to collect as many dollar 
bills as I can." 

"Nor me," I agreed. "And I could have 
collected quite a few of them last Jan
uary if I had followed your hints and bet 
on Kennedy's election." 

"Yes," he said. "Kennedy's double N 
gave him enormous odds against all the 
candidates except Rockefeller. In addi
tion, if we use the ancient Celtic numer
ological key, appropriate to Kennedy's 
Irish ancestry, the results are also pro
pitious." Dr. Matrix pressed a button on 
his desk, and a panel on the wall slid 
back to reveal a large blackboard. He 
walked to the blackboard and chalked 
on it the digits from ° to 9. Beneath 
these digits he printed the alphabet 
[see illustration above 1 ' 

"If we add the numerical values of 
J. F. KENNEDY," he explained, "we ob
tain 35, and of course the winner of the 
election is the 35th president." 

"Have you tried this with R. M. NIX
ON?", I asked, 

"Yes. It adds up to 30, the newspaper 
reporter's traditional symbol for the end 
of a story. Incidentally, I would like to 
emphasize that the double N in Ken-

nedy's name marks an important break 
in the double-letter law. As C. C. Basore 
of Mountain Center, Calif., has pointed 
out, there have been nine other presi
dents in this century with double letters; 
in every case the letter is L, 0 or R. 
These letters form an arithmetic progres
sion, each being three letters ahead-in 
alphabetical order-of the previous one. 
Kennedy's N is not part of this series. It's 
a lucky break for him, because it pro
vides an escape from another-and rath
er ominous-law," 

"I think I know what you mean," I 
said. "Every president since 1840, elect
ed in a year ending in 0, has died in 
office." 

"Precisely, Harrison was elected in 
1840. He died one month later. There 
was, of course, no election in 1850. Lin
coln, elected in 1860, was assassinated . 
Garfield, elected in 1880, and McKinley, 
elected in 1900, were also assassinated. 
Harding-1920-and Roosevelt -1940-
both died in office. The only preSidents 
elected before 1840, in years ending with 
0, were Jefferson in 1800 and Monroe in 
1820. Neither man died in office, but 
both died on Independence Day." 

After jotting all this down, I said, "Do 
you have any explanation of Rockefel
ler's famous slip of the tongue at the Re
publican convention, where he intro
duced Nixon as Richard E. Nixon?" 

"Yes, indeed. Slips of the tongue are 
seldom accidental. Freud was right in 
attributing them to unconscious' hopes 
and fears, but he underestimated the im
portant role also played by numerical 
and verbal structure." 

"Are you referring to the fact that 
Thomas Dewey's middle initial is E.?" 

"Partly that, but also much more." Dr. 
Matrix returned to the blackboard and 
chalked on it the initials R.E.N. 

"It is true," he continued, "that Rocke
feller's subconscious was linking Nixon 
with Thomas E. Dewey, the last Re
publican candidate to be defeated. But 
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Performance is the test of Space Technology Leadership 
The experience and creativity of Space Technology Laboratories in the field of space systems - both military and civilian - are 

documented in this record of accomplishment: Responsibility since 1954 for the over·all systems engineering and technical 

direction for the Atlas, Thor, Titan, and Minuteman elements of the U. S. Air Force ballistic missile program, and in such advanced 

space projects as Score, Tiros I, Transit 1B, and Mercury. Conduct of vehicle re·entry projects and the Pioneer I, Explorer VI, and 

Pioneer V advanced space probes on behalf of the Air Force, Advanced Research Projects Agency, and National Aeronautics and 

Space Administration. Contributions to these projects included design, fabrication, and instrumentation of spacecraft; over·all 

systems engineering and technical direction; direction of launch and tracking; and data reduction and analysis. This perform· 

ance demonstrates the STL creative flexibility to anticipate and initiate responses to the space challenge. To discharge its growing 

responsibility in Space Technology Leadership, STL is now broadening the scope of its activities. Resumes and inquiries concern· 

ing opportunities with STL are invited from outstanding scientists and engineers, and will receive meticulous attention. 

SPACE TECHNOLOGY LABORATORIES, INC. P.o. B01( 95005V, LO S AN GELE S 45, CALIFORNIA 

a subsidiary of Thompson Ramo Wooldridge Inc. . 

• ,EI Segundo • Santa Maria ' Edwards Rocket Base ' Canoga Park 
. , 
� . Cape Canaveral • Manchester, England • Singapore • Hawaii 
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Tn case you are not familiar with the diffraction images of perfect telescopes 
(which prove their perfection), you might enjoy reading a discussion of them in 
the Questar booklet. May we send it to you? If you wish, we will also include 

a short description of how the barrels, pictured above, are made fro111 forged 
aluminum sheJls on the engine lathe. If, as they say, trifles make perfection, then 

trifles are indeed our business, for each Questar must perform perfectly. There
after no sum of money or number of man hours can appreciably improve its power 

of resolution. And because of its versatility we are 
coming to speak of it as a little work horse. A Questar 
costs only $995, and we usually have star-tested instru
ments available for immediate delivery, Terms are 
available. 

168 

note what happens when we add Dew
ey's first and last initials." He printed a 
T in front of the three letters on the 
blackboard, and a D at the end, forming 
the word T.R.E.N.D. 

"It was Rockefeller's subconscious," 
said Dr. Matrix, "expressing its hope 
that the national trend for Nixon would 
follow the same trend as it did for 
Dewey. But I think an even more impor
tant hidden attitude turns up if we take 
the first four letters of Milhous, Nixon's 
middle name, and see what happens 
when the M becomes an E." 

Dr. Matrix printed EILH on the 
blackboard. "The election year was 
1960, so six is our key number here. The 
sixth letter ahead of E in the alphabet is 
K, the sixth letter ahead of I is 0, the 
sixth letter ahead of L is R, and the sixth 
letter ahead of H is N." As he spoke he 
chalked above EILH the word KORN. 
"This has a double meaning," he went 
on. "First, it expressed Rockefeller's 
private opinion of the speech he had just 
made; second, it expressed his secret 
conviction that Kennedy would 'K.O: 
R.N." 

"And you seriously believe all this is 
more than coincidence?" I asked. 

"Yes, I do," answered Dr. Matrix, un
smiling. "It is naive to suppose that there 
is such a thing as a randomly arranged 
group of symbols. Random means with
out order or pattern. The term obviously 
is self-contradictory. You can no more 
find a patternless arrangement of digits 
or letters than you can find a cloud with
out a shape or a culture without folk
ways. In my opinion every pa ttem of 
sym boIs conceals a secret meaning, 
though it may require great skill to dis
cover it. Death dates, in particular, are 
often correlated with earlier patterns. 
'In today,' as Schiller so aptly phrased it, 
'already walks tomorrow.' I could give 
you thousands of examples. Dickens, in 
the last paragraph of his last completed 
novel, Our Mutt/al Friend, tells how he 
narrowly escaped being killed in a rail
way accident on June 9. Five years later, 
on June 9, Dickens died. Have you ever 
noticed the tendency of great political 
events to occur on strongly patterned 
dates? The bugles sounded cease fire at 
the close of the First \Vorld War at the 
11th hour of the 11th day of the 11th 
month, 1918. The invasion of France by 
the Allies in the Second World War be
gan at the sixth hour of the sixth day of 
the sixth month, 1944. Roosevelt, 
Churchill and Stalin opened their famous 
Yalta meeting on February 3, 1945, a 
date that has four digits in serial order 
when it is written 2-3-45. West Ger-· 
many became a sovereign state on 5-5-
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THANKS, MONSIEUR CORIOllS, BUT WE PLAY IT STRAIGHT! 
Your theory is a little complicated for us. Rather than work in rotating coordinates and 
compensate for your famous acceleration, we avoid the problem. Our guidance system plat
forms are stabilized in inertial space instead of rotating Earth space. The result is simpler 
guidance system computations for missiles like Titan. If you are challenged by reducing 

~ 
classic theory to practical hardware, and have a BS, MS or PhD in Physics, ME, EE, or 
Math, please contact Mr. C. E. Allen, Director of Scientific and Professional Employment, 
7929 S. Howell, Milwaukee 1, Wisconsin. 

AC SPARK PLUG � THE ELECTRONICS DIVISION OF GENERAL MOTORS 

169 

© 1960 SCIENTIFIC AMERICAN, INC



BOOK 1 
BOOK 2 
BOOK 3 

AMATEUR 
TELESCOPE' 
MAKING 

Edited by ALBERT G. INGALLS 
This set of books is the authoritative reference library of the en
thralling hobby of amateur telescope making. 

BOOK ONE begins at the beginning, teaches the basics of glass grind

ing and how to complete the first telescope. (497 pages, 300 illustra

tions.) 

BOOK TWO leads on into advanced methods of amateur optical work 

and describes new projects for the telescope maker. (650 pages, 361 
illustrations.) 

BOOK THREE opens up further fields of enterprise; e.g. binoculars, 

camera lenses, spectrographs, Schmidt optics, eyepiece design, ray 

tracing (made easy). (644 pages, 320 illustrations.) 

BOOK 1 Postpaid: $5.00 domestic, $5.35 foreign 
BOOK 2 Postpaid: $6.00 domestic, $6.35 foreign 
BOOK 3 Postpaid: $7.00 domestic, $7.35 foreign 

Send postcard for descriptive circular 
SCIENTIFIC AMERICAN. INC . •  415 MADISON AVENUE, NEW YORK 17, N. Y. 

(llesidenls of Sew rork City please add 3 % soles tOJ:) 

� 
•• • CENSUS-

PROVEN 
OUTSTANDING 

NEW 
INDUSTRIAL 

MARKET 
Census-proven one of 
the fastest growing 
states in the nation 
• .  , survey-proven one 
of the outstanding 
new industrial mar
kets, Colorado offers 
new industry Profits 
with Pleasant Living. 
Discover the new markets and opportuni
ties awaiting your company in Colorado. 
"Site·See" Industrial Colorado now ... right 
at your desk. 

Send for Free Executive Portfolio 
"INDUSTRIAL COLORADO" 

Newly revised 9-booklet portfolio with 
up-to-the-minute data on Colorado's 
industrial sites, assets, opportunities 
and weekend vacation wonderlands. 
All inquiries held confidential. 

COLORADO DEPT. OF DEVElOPMENT 
29 STATE CAPITOL. DENVER 2, COLO. 
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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. 

55. Stalin died on March 5, 1953, a date 
with the interesting mirror reflection of 
3-5-53." 

"Are there any patterned dates in 
1961?" 

"How could it be otherwise? The two 
most striking date patterns are 1-6-61 
and 6-1-61, or January 6 and June 1. 
Events of world-wide import have a high 
probability of taking place on both oc
casions. February 8 is another date that 
bears close watching; if this is written 
out in full it is 2-8-1961, and 281,961 is 
the square of 531, or May 31. I antici
pate important, closely linked events on 
both these days." 

Dr. Matrix waited until I finished 
scribbling, then he continued. "It is in 
the physical world, however, that we 
find the most remarkable numerical pat
terns. A numerologist knows it is not a 
coincidence that the sun's disk, viewed 
from the earth, is almost identical in size 
to the moon's disk, or that the sun's peri
od of rotation is almost exactly the same 
as the moon's period of revolution 
around the earth. Has it ever occurred 
to you how strange it is that the earth 
makes 365 spins in each revolution 
arounrl the sun?" 

I shook my head. 
"It's a truly amazing instance of Di

vine harmony-the harmony that Kepler 
so clearly perceived, but which later as
tronomers have regrettably ignored. 
Three hundred and Sixty-five is not only 
the sum of 10 squared plus 11 squared 
plus 12 squared; it is also the sum of 13 
squared and 14 squared. We can write 
it this way." 

He printed on the blackboard: 102 + 
IF + 122 = 132 + 142 = 365 . 

"Are you familiar," he asked, "with 
Arthur Stanley Eddington's work on the 
so-called fine-structure constant?" 

"Vaguely. The number is 137, isn't it? 
As I recall, Eddington had a clever way 
of deducing it, apart from experimental 
observation. Didn't he first arrive at 
136?" 

Dr. Matrix nodded. "He gave a com
plicated mathematical explanation of 
why he revised it to 137, but the truth is 
that Stanley was one of my most dis
tinguished pupils. We worked it out one 
day over a bottle of Greek wine. We took 
Eddington's birth year, 1882, multiplied 
the digits to obtain 128, then added nine, 
the number of letters in Eddington's 
name." 

"I can believe it," I said, chuckling. 
"Tell me, do you have any interesting 
numerological puzzles that my readers 
might enjoy?" 

Dr. Matrix scratched his nose. "Yes, 
I had an unusual problem called to my 
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"Essentially. this corporation will be 
people- people of the highest quality. 

.The United States Air Force recog
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 
their initiative to the full under lead
ership which creates the climate for 
creativity. We expect Aerospace Cor
poration to provide that kind of 
environment." 

SECRETARY OF THE AIR FORCE 

Among those providing their leader
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president; Allen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan
ning; Edward J. Barlow, vice president 
and general manager, engineering divi
sion; and Dr. Chalmers W. Sherwin, 

EROSPACE 
CORPORATION 
are creating a climate conducive 
to significant scientific achievement 
vice president and general manager, 
laboratories division. 

These scientist/ administrators are 
now selecting the scientists and engi
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/ space systems 
indispensable to the national security. 

The functions of Aerospace Cor
poration include responsibility for: 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 

Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro
grams - offering scientists and engi-

neers the opportunity to exercise their 
full  capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 

Immediate opportunities exist for: 
• WEAPONS SYSTEM PROJECT 

DIRECTOR 

• SENIOR SCIENTISTS/ SUPERVISORS: 

Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 

• SENIOR PHYSICISTS: 

Nuclear Propulsion 
Energy Conversion 
Solid State 

Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 

Mr. James M. Benning, Room 120 
P.O. Box 95081, Los Angeles 45, Calif. 

(A\ AEROSPACE CORPORATION 
A new and vital force � engaged in accelerating the advancement of space science and technology 
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. . . 
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GAS PROPERTY STUDIES 
BY MOLECULAR BEAM 

• Depicted above is a tailored interface hypersonic 
shock tunnel used as a source of high speed neutral atoms and' molecules for a' 
"molecular" beam. With this beam, the constituents of air are made to collide 
at the relative kinetic energies appropriate to the high temperatures encountered 
in hypersonic flight. Too hot to be produced by an oven, yet too slow to be 
obtained conveniently from an ion beam by charge excharige, these particle 
energies can readily be obtained from a shock tunnel. In the hypersonic nozzle 
random energy is converted into well·directed uniform translational motion. 
When scattered from a gaseous target, this beam will allow differential cross 
sections to be measured and provide much needed data on which to base better 
calculations of gas properties. When scattered from a solid surface, the beam 
can provide information about the exchange of energy between the beam and 
the surface as well as information about the structure and chemical characteristics 
of the surface. 

At CAL we are engaged in a wide variety of fundamental studies in which 
spectroscopic, microwave, and other techniques are combined with shock tube 
arid shock tunnel methods in efforts to unfold the behavior of the atoms and 
molecules of air. 

ffi CORNELL AERONAUTICAL LABORATORV. INC. 

q of Cornell University 

------- -------------- - - - - -----� �----
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J. S. Rentschler 

CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 

Please send me a copy of "A Community of Science." 

Name .. 

Street. 

.City .... ............................ .. ........................................... ................... Zone ......... ..... State .................. ___ _ 

o Please include employment information. 
MB 

attention recently by my friend Dennis 
Sciama, a cosmologist at Cornell Uni
versity. Suppose we wish to form a chain 
of symbols, using only the digits 1 and 
2. How long a chain can we write with
out repeating a pattern, side by side? For 
example, we can't write 11 or 22, be
cause each repeats the pattern of a single 
digit, so we have to write, say, 12. The 
next digit has to be 1, but now we're 
stuck. We can't add another 1, and we 
can't add 2, because it would repeat the 
two-digit pattern of 12." 

"In other words," I said, "the longest 
chain that can be formed with two sym
bols, without having two adjacent pat
terns that are duplicates, is a chain of 
three symbols." 

"Correct. Now the problem is this . 
What is the longest chain that can be 
written with three symbols? For exam
ple, we can't write 132132 because it 
repeats the pattern 132. But we can 
write 1323132, because now the two 
patterns of 132 are separated. Is there 
a limit to the size of a chain that can be 
constructed on this basis?" 

Dr. Matrix proceeded to �how me ex
actly how the problem could be solved, 
but the procedure is a bit lengthy and I 
shall keep the details until next month. 

On my way out I stopped to chat with 
Miss Toshiyori. "I expect to be in L. A. 
for a few more days," I said. "Is there 
any chance that you could have dinner 
with me tomorrow night?" 

She stopped typing and smiled. "Why 
don't you phone me at home this eve
ning? My number is .... 

" 

I whipped out my pad and pencil, 
wrote down the exchange and waited. 

"The number," she said, "has a 4 at 
the end of it. If you move the 4 to the 
front to make it the first digit instead of 
the last, the new number is exactly four 
times larger than the old one." 

I looked blank. "You mean I have to 
figure this out before I can call you?" 

She nodded and started typing again. 
I figured it out all right. Perhaps it will 
be less difficult for the reader. 

Tast month's logic problem can be 
L solved with the punch-cards as fol
lows: Let A, B, C, D and E stand for 
Abner, Beryl, Cleo, Dale and Ellsworth. 
A term is true if the person is watching 
television; otherwise it is false. Premise 
1 eliminates all cards bearing AB; prem
ise 2 elim0-�tes DE; premise 3 eliminates 
BC and BC; premise 4 elimin�es � 
and CD; premise 5 eliminates AE and 
DE. Only one �aE..d r�ains, bearing 
the combination ABCDE. We conclude 
that Cleo and Dale are watching televi
sion, and that the others are not. 
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lOur electronics 
tipec'talty can 

unique, systems 
applications on 

lYIISTRAlYI 
•• • the next generation system for precise missile 

trajectory measurement being developed by 
General Electric's Defense Systems Department 

OPPORTUNITIES AVAILABLE NOW 
By joining Defense Systems Department now, you can take an 
increasingly important part in the long-term development of 
MISTRAM. And, you'll be able to broaden your technical knowl
edge by applying your specialty in the ever more critical field of 
large-scale system engineering. Significant experience in any of 
the following areas can qualify you: 

Test Equipment • Consoles 
Digital Data Transmission & Recording 
Power Generation & Transmission 
Digital & Analog Computing • CoW Radars 
Feedback Control • Acquisition & Tracking 
Airborne Transponders 
Microwave Communications 

� For a more complete technical description of MISTRAM 
- and full details of current opportunities on a broad 

scope of systems programs at DSD - write today to 
Mr. E. A. Smith, Box I-P. 

............ DEFENSE SYSTEMS DEPARTMENT 
A Department of the Defense Electronics Division 

GENERAL e ELECTRIC 
Northern Lights Office Building, Syracuse, New York 

• Basic MISTRAM system features radio 
receiving stations in "L"·shaped configu· 
ration. Signals from missile transponder 
are measured on CW carrier for computer 
calculation of phase differences. These 
yield missile position, velocity and trajec· 
tory data through spatial intersection of a 
sphere (range from central receiving sta· 
tion) and hyperboloids of revolution (range 
differences from remote receiving stations). 

DSD's important new 
MISTRAM System embodies these 
features: 

• Greater accuracy and range than any 
existing missile trajectory measurement 
system 

• Reduction of many previously standard 
tracking system components by eliminating 
high precision radar tracking antennas 

• Instantaneous correction of electrical 
baseline length errors through phase 
stabilization techniques 

• Ability to utilize orbiting satellite to 
virtually eliminate present day survey errors 

Defense Systems Department 
is Prime Contractor for MIS T RAM. 
DSD is now developing a basic system 
unit which can be multiplied many times 
over and integrated into a vastly extended 
MISTRAM system, using G-E's 'building 
block' approach. Ultimately this would 
provide hemispheric coverage for missile 
trajectory measurement. 

173 

© 1960 SCIENTIFIC AMERICAN, INC



THIS IS 
THE ARO MA  
OFINS TANT 

COFFEE 

The human nose is so sensitive that it detects, odors in con
centrations as low as parts per billion! But what about odor 
memory? Can the human being remember an aroma after a 
month or a year-so precisely as to insure uniform flavor in 
a food product? A recording instrument that has the same 
degree of sensitivity as the human nose is needed. 

Gas chromatography answers this need. Perkin-Elmer's 
Vapor Fractometer, based on this analytical technique, sepa
rates the most complex mixtures into their component parts 
and measures the concentration of each. . 

The Schlieren photograph above shows the density of the 
aroma-bearing vapors rising from a cup of coffee. The chart 
at the right, made with a Vapor Fractometer, shows the com
ponents of coffee vapor sampled directly from a jar of instant 
coffee. Each pure component, recorded as a peak, can be 
trapped and separated by the Vapor Fractometer for identi-
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fiCation by infrared spectroscopy-another fi�ld in which 
Perkin-Elmer is pre-eminent. 

BefoTe chromatography was perfected, chemists could not 
begin 'to describe the make-up of many complex compounds. 
Now, within minutes, a technician can run a complete record, 
comparing it with standards for identification. Gas chroma
tography has opened up many new avenues of research and 
process control in food, petroleum, cryogenics, chemicals. 

This is another example of Perkin-Elmer instruments for 
scientific measurement. poE's experience with precise measure
ment techniques is also applied to building complex electronic
optical systems. These do vital jobs such as missile aiming 
and tracking. For a new brochure that outlines poE's products 
and capabilities for industry, science and defense, write to 
Public Relations Department, Perkin-Elmer Corporation, 
800 Main Avenue, Norwalk, Connecticut. 

Photograph courtesy Air Reduction Company, Inc" Murray Hill, N. J. 

Perkin -EID'ler 
Cn/ � 

Qualified scientists end engineers interested in careers with 
Perkin·Elmer ore invited to write the Director of Industrial Relations. 
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One of a series. 

Why we eliminated 

the earth's magnetic field ... almost 

In an isolated laboratory in southwestern Ohio, GM Research 

scientists have reduced the earth's magnetic field to one 

ten-thousandth of its usual strength. This is about as weak as 

the interplanetary field detected by the Pioneer V solar satellite. 

Why neutralize the earth's field? To perform with precision 

one of the more fundamental experiments in magnetism 

- measuring the Einstein-DeHaas effect. The measurement 

is simple in concept, experimentally difficult because of the 

tiny forces involved. It is made by suspending a ferromagnetic 

rod in a nearly field-free environment . . . magnetizing 

the rod . . .  then measuring the effect (how much the rod 

rotates) when this known magnetization is reversed. 

The beauty of the experiment is that the resulting values 

can be related directly to the motions of electrons in the 

rod. The values indicate the large portion of magnetization due 

to the spin of electrons ... and the slight, but theoretically 

important, remaining portion due to orbital motion of electrons. 

These measured values are helping scientists form a better 

understanding of the perplexing phenomenon - ferro

magnetism. Currently being pursued in cooperation with the 

Charles F. Kettering Foundation, this long·standing project 

is one of the ventures in basic research of the 

General Motors Research Laboratories. 

General Motors Research Laboratories 
Warren, Michigan 

Gyronruynetic Bu,tios 

Iron 
Cobalt 
Nickel 
Supermalloy 

a 1.92 
1.85 
1.84 
1.91 

b 1.90 
1.83 
1.83 
1.91 

Comparison of (a) gyro magnetic ratios 
measured in the new Kettering Magnetics 
Laboratory with (b) corresponding 
ferromagnetic resonance measurements. 
These ratios would equal 2 if magnetiza· 
tion were due only to electron spin, or 1 
if due only to orbital electron motion. 

System of Helmholtz coils used to neutralize earth's magnetic field. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

S
tudies undertaken during the Inter
national Ceophysical Year appear 
to have opened a new era in ama

teur astronomy. Before 1957 fol lowers 
of this classic avocation occupied them
selves largely with such time-honored 
activities as looking for new comets and 
observing changes in the brightness of 
variable stars. Today amateurs also track 
artificial satell ites, patrol solar flares, 
electronical l y  time the occultation of 
stars by the moon and participate in 
other investigations that were unknown 
a decade ago. The number of amateur 
astronomers has grown in proportion. 
Part of this burgeoning popularity can 
·doubtless be explained by the novelty of 
the ICY projects. After all, artificial 
satell ites are objects of uncommon fasci
nation . But part can be ascribed to a 
new ease of acquiring instruments. Ten 
years ago most beginners could afford to 
own a telescope of reasonable power 
obly by mastering the exacting art of 
shaping optical glass. Many of the cur
rent activities can be undertaken without 
any telescope at al l .  The required in
struments can often be assembled with 
parts recovered from surplus apparatus 
or with those that fail to meet rigid 
specifications. For example, Walter A. 
Feibelman, a physicist of Pittsburgh, Pa. , 
has used such parts to build a spectro
graph for analyzing the light (jmitted by 
the aurora borealis. His design calls  for 
little more than a pair of razor blades, an 
inexpensive replica diffraction grating, a 
conventional camera and a small achro
matic lens. With a similar lens he has 
also made a telescopic camera to photo
graph the "green flash" and other curious 
optical effects that are associated with 
the setting sun. 

"Like many amateurs," writes Feibel
man, "I wanted to have a part in the ICY 
and volunteered to participate in the 

An amateur makes spectra of the aurora 
and photographs the sun's "green flash" 

observation of auroras [see "The Ama
teur Scientist" ; January, 1957J. The pros
pects for success did not seem too bright 
because one would not expect to see 
many auroras at the latitude of Pitts
burgh. Moreover, industrial areas do not 
provide the most favorable seeing con
ditions. The project nonetheless turned 
out to be highly rewarding. Beginning 
with the very large and bright display on 
the official opening night of the ICY, I 
observed and photographed a total of 45 

2"O.D. 

blacken ing of ;nsi de of 
c�se not :shown 

931·A tube: for 
monit.oYing 
5577 A line 

auroras by November, 1960. Others 
were doubtless missed because of clouds, 
smog or bright moon light. No two dis
plays were ever exactly alike, and the 
changing patterns and colors were al
ways fascinating to watch. 

"In all I made over 700 black-and
white photographs of auroras, plus 20 
or so in color. Most were taken with 
an old camera using 120-mill imeter film. 
The exposures were 15 seconds or less 
at f/2. 9. I used Royal-X Pan film de-

1�" O.D. 
aluminum tube 

7500 line� per inch 
tran5mis�ion 
grating 

1/i "'i�phY'agm 
�51-A tu\:>e fot' 
monitoring 
!oky brightnc�s 

Note � Iight
pvoof covey 
not shown 

opening foY' lens of 35mm camera 
" I .50mm focal length . f=� "

" ,. ' 
(Ca.r,e �hown cui: dway) 

An auroral spectrograph designed for amateur construction 
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ingenuitY� 
PLUS V� 

simple � 
tools � 
can .,) - . 

transform 

BUDIMLOK lextru s ion s 
and . 
connectors 

1 into housings 
like these 

When you need cabinets, racks or cases 
for experimental or prototype work, make 
them, quickly and inexpensively with BUD 
IMLOK extrusions and connectors. No tool· 
ing costs or expensive labor are involved. 

The new BUD IMLOK manual gives com· 
plete details on this system. Write us for 
a copy or obtain one at your local BUD 
distributor. 

� BUD RADIO, INC. � CLEVELAND 3, OHIO 
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z .. 0.0. Elevation 
a.luminum " .  
tube ./".015 .sIlt made 

�f<'- ft'om t'azot" 
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I 

. bin de� 

I I \-. ··1 
. t l 
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light f..-om ! 
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.sout"ce -fu..-

v .... ·,,� .. 4-5° 
reflecting 
p,.ism 

compal"ilion spectyum 

Sec.tion 
Details of the slit for the auroral spectrograph 

veloped in DK 60A. The pictures were 
so easy to make that the novelty soon 
wore off, and I began to cast about for 
something additional to do. Eventually  
I hit on the idea of  building an aurora 
spectrograph. This instrument helps to 
distinguish among the several kinds of 
aurora and reveals  the presence of dis
plays that are invisible to the eye. It is a 
simple apparatus, but the l iterature dis
closed scant information about its con
struction. With a few hints from astron
omers I wound up designing my own. 

"Aurora spectrographs include four 
basic parts: (1) a mechanical sl it for 
admitting a thin ribbon of light to the 
instrument, (2) a lens for bending the 
diverging ribbon into a paral lel beam, 
( 3) either a diffracting or a refracting 
element for dispersing the coll imated 
beam into its constituent colors and (4) 
a camera for recording the spectral pat
tern on photographic film. No telescope 
or other l ight-gathering device is used. 
None is needed to make auroral spectro
grams. (No il lumination would be 
gained by bringing a small patch of the 
glowing area to focus on the slit. ) If de
sired, a telescope can be added. The 
instrument can then be used for photo
graphing stel lar spectra by focusing the 
image of a selected star on the slit. 

"The structural arrangement is as 

fol lows. All of the optical parts are sup
ported by aluminum tubing and an as
sociated housing made of aluminum 
plates and sheet stock as depicted in 
the accompanying drawing [preceding 
page]. When· in use, the instrument is 
mounted on a conventional camera tri
pod. A second camera, for making wide
field pictures, is mounted on an accessory 
bracket. The slit assembly consists of 
a cylindrical base that can be made 
of any convenient material such as 
aluminum, plastic or even hardwood. 
Two safety-razor blades are fastened 
to the base with screws as shown in 
the second drawing [above] . The cut
ting edges of the blades must be par
al lel and separated . 015 inch. A rec
tangular hole, somewhat larger than 
the slit, is made in the base for ad
mitting light to the lens. The slit as
sembly is mounted in one end of an 
aluminum tube. An achromatic lens 1� 
inches in diameter fits into the other end 
of the tube at the distance of its focal 
length from the slit-20 inches in the 
case of my instrument. Neither the diam
eter of the lens nor its focal length are 
critical. The diffraction grating is placed 
immediately behind the lens and at an 
approximate right angle to the beam, as 
depicted in the third drawing [page 
180]. The grating and the back face of 
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Out of this 
NeW' England farxn house 

W'ill groW' 

A UNIQUE 
NEW 

RESEARCH 
CENTER 

The Center's program and facilities have been 
planned to provide maximum flexibility for a research 
effort that will cover an unusually broad scientific 
spectrum: 

Materials Sciences 
Solids Physics, Mechanics, Magnetics and Dielectrics 

Radiation Sciences 
Microwave Physics, Infrared, Optics, 

Propagation and Communication, Energy Conversion 

Applied MatheIDatics and 
Theoretical Physics 

Earth and Life Sciences 
Oceanography, Geophysics, Physiological, N eurologieal 

and Zoological Systems, Human Factors 

SysteIDs Research 
Synthesis/Analysis/Evaluation involving new principles 

for systems 5 to 15 years in the future. 

We are now forming the nuclei of these research 
groups which will grow in importance and scope as 
the Center itself grows. Especially qualified scientists 
in the above fields are invited to write to: Frederick 
M. Swope, Jr., Sperry Rand Research Center, North 

Road, Sudbury, Massachusetts. 
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Plan view of I.he ,pecl.rograph (top) and details of the front·surfaced mirror (bottom) 
1 80 

the lens are enclosed by a housing. A 
hole in the rear of the housing, which 
makes a light-tight fit with the lens barrel 
of the camera, admits the dispersed rays 
to the camera lens. The focusing adjust
ment of the camera is set at infinity. I 
use a 35-millimeter Retina camera 
equipped with an f/2 lens. The time re
quired for exposures depends in part on 
the light-gathering power of the camera 
lens. In general, focal ratios substantial
ly larger than f /2 are not satisfactory. 

"For the dispersing element I prefer 
a transmission (i.e., transparent) replica 
grating to a glass prism. A grating 
spreads the colors more than a prism 
does, and the dispersion is uniform 
throughout the spectrum. A spectrum 
made by a prism becomes increasingly 
crowded toward its red end. Spectral 
colors appear as parallel bands or lines 
that cross the ribbon-shaped pattern like 
the rungs of a ladder. Crowding obvious
ly increases the difficulty of identifying 
interesting lines. 

"Gratings are not without disadvan
tages, however. Whereas prisms disperse 
light into a single spectral pattern, grat
ings produce multiple spectra that over
lap at the ends, somewhat like the 'ghost' 
images that appear on television screens. 
To minimize this effect, gratings are 
commonly 'blazed,' that is, ruled with 
V-shaped grooves that are tilted at a 
slight angle to deHect most of the light 
into one preferred image, or spectral 
'order.' My grating is blazed to favor the 
first spectral order. The lines of this 
order accordingly show up more promi
nently in my photographs than those of 
higher orders. The lines of the higher 
orders are also more widely spaced than 
those of the first order, a further aid in 
distinguishing the first-order lines [see 
"The Amateur Scientist;" June, 1955, 
and April, 1958]. My grating was manu
factured by the Bausch & Lomb Optical 
Co. and can be purchased through a 
dealer in scientific supplies. 

"With this combination of grating and 
camera the exposure time required to 
photograph the brightest aurora aver
ages about 10 minutes. Good photo
graphs have been made with Ansco 
Super Hypan film. The best results are 
obtained, however, with spectroscopic 
emulsions such as Kodak 103a-F, which 
is specially sensitized for the far-red 
region of the spectrum. Spectrograms 
have been made of several auroras that 
were not visible, in some cases by ex
tending exposures to four hours. The 
outcome of such attempts is a matter of 
pure chance. You have no way of know
ing if an aurora is up there. So you just 
point the instrument toward the northern 
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Astropower, Inc. has been formed as a subsidiary of • Ultra-high energy propulsion systems in the nuclear, 

Douglas Aircraft Company with Mr. Y. C. Lee, internation- chemical and electrical fields 
ally noted propulsion expert, as president. • Solid state devices and energy conversion equipment 

In offering its services for research and development of Mr. Lee is now staffing key positions in Astropower, Inc. 

advanced space propulsion systems to system contractors and will welcome inquiries from qualified engineers and 

and government agencies, Astropower will operate as an scientists having advanced degrees in the areas of nuclear 

independent company. The proprietary interests of major physics, plasma physics, solid state physics, thermody-

systems and sub-systems contractors will be respected and namics and high temperature materials. 
protected by both Douglas and Astropower. Astropower's permanent scientific and engineering 

A balanced engineering and research program is now center will be located in one of Southern Cali· 
b,'o, ro,m" ,t,d to ,d"",, th, �,t, of th, ,rt ,o�S;:'�';;:;; 

.

oo�: '�
. 

4-
Temporary headquarters: 3801 Lakewood Boulevard, Long Beach, California 

181 

© 1960 SCIENTIFIC AMERICAN, INC



with E I C a STEREO 
To the hand • • •  the creative satisfaction of 
assembling a professional precision instrument. 
To the eye • • •  the craftsmanship of fine styling. 
To the ear • • •  a wonderful new experience in 
the beauty of listening to music 11'1 its truest 
form - stereo. 
EICO step·by·step instructions enable you to 
assemble any EICO kit with ease, High fidelity 
authorities praise EICO no·compromise engineer. 
ing, yet prices are modest - start, for example, 
at $39.95 for the famous FM Tuner HFT90. 
Everything in stereo - from program sources to 
speaker systems - is described in the free 
28·page 1961 EICO catalog, Fill out coupon now, 

�--- --W&" --
,: Dept. SA·.! -
,� 33·00 Northern B lvd . , L. I. C, 1, N. Y • . 
'" Please send free EICO cata· 
I; log, free stereo hi·!i guide, 

1 .: name of nearest EICO dealer. 
I"l-Name ............ ..................... ............................................ 1 la 1 :� !:�:�··=··=··��·�··=··:··i���:·��;E:�:�:�:�::�:�: 
li,i@;C'UdW1 
DiMfNAIW·i.!·lamt.$i.fi1 
Bi'%,':(,'Mt!3·"'B(,)ijf' 

This valuable 3S-page book 
is yours for the asking! 

With artjflcial satellites already launched and space 
travel almost a reality, astronomy, has become todoy's 
fastest growing hobby. Exploring the skies with a tele
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and occes
sories. It is of interest to both beginners and advanced 
amateurs. 

Content. inclucle-
• Observin, the sun, 

maon, planets and 
wonders of the sky 

• Constellation map 

• Hints for obser.ers 

• Glossary of telescope terms 

• How to choose a telescope 

• Amateur clubs and research 
pro,rams 

Uft/IT!?Oft/ 
INSTRUMENT COMPANY· TELESCOPE SALES OIV. 

66 NEEOHAM ST, NEWTON HIGHLANOS 61, MASS 

Please rush to me, free of charge, UNtTRON'S new Obser.er's 

Guide and Telescope Catalog 6·K. 

Name, _____________ _ 
Streat _____________ _ 
Cily ________ State ____ _ 

�-------------------------� 
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Spectrum made with the auroral spectrograph 

sky at night, open the shutter and go 
away. With luck, spech'al l ines charac
teristic of the aurora wil l appear when 
you develop the film. 

"For many years auroral spectra pre
sented investigators with something of a 
mystery. Certain of the l ines could not 
be reproduced by light sources then 
available in the laboratory, and came to 
be known as 'forbidden' l ines. The 
brightest of the forbidden l ines appears 
in the green portion of the spectrum; it 
is formed by l ight waves that measure 
5,577 angstrom units in length. This l ine 
is emitted when highly ionized atoms of 
oxygen in the upper atmosphere release a 
finite part of the energy acquired by col
lision with particles hurled into space by 
the sun. The 5,577 -angstrom line is ob
served to some extent in all auroras. 
When intense, it accounts for the charac
teristic green color of most displays; 
when weak, the aW'Ol'as look pale white 
or gray. Also characteristic are two lines 
at 6,300 and 6,364 angstroms in the red 
part of the spectrum; these also are 
emitted by ionized oxygen. Still another 
relatively prominent line is found at 
3,914 angstroms in the extreme violet. It 
is emitted by ionized nitrogen. Weaker 

� s 
'i' o ... 
>< 6 ., 
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� 
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", 
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� 2 
... 
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dark current 

l ines also appear throughout auroral 
spectra. Most are associated with the 
emission of energy from oxygen and 
nitrogen, although occasional spectro
grams show a well -defined line at 6,563 
angstroms that has been identified with 
hydrogen. 

"The relative intensity of the spectral 
pattern varies with the intensity, height 
and type of the display; the temperature 
of the upper air; the state of the earth's 
magnetic field,  and related environmen
tal factors. Quite often spectral l ines also 
show variation in brightness along their 
length. Auroras in the early evening or 
morning, when part of the display is in 
the earth's shadow and part in the sunlit 
upper atmosphere, are of particular in
terest because not al l of the accompany
ing effects are understood in detail. They 
are investigated by pointing the spectro
graph toward the area in question. The 
techniques of analyzing spectrograms to 
determine the height of a display or the 
temperature of the air in a selected 
region are described in the l iterature 
[see page 211 of 'Bibliography']. 

"Several optional features were built 
into the basic instrument to facilitate its 
operation. A small right-angle prism was 
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Graph showing the changing brightness of an aurora 
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REDEVE 
A Shoulder-fired 
Antiaircraft 
Guided Missile 

II 

MAU LE R Mobile Defense System Against Tactical Missiles & Aircraft 

, TARTAR 
A Navy Supersonic Surface-to
Air Guided Missile for the Pri
mary Defense of Smaller Ships 

ADVANCED TERRIER 
A Two - Stage Supersonic Surface -to
Air Guided Missile for Primary Anti
aircraft Defense of Major Fleet Units 

MODERN WEAPONS FOR DEFENSE . . . . . 
Mark the Achievements of Outstanding Engineers 
and Scientists at Convair / Pomona 

POSITIONS AVAILABLE IN 
THE FOLLOWING FIELDS: 

B,S_ degree and 5 or more years 
professional experience desired. 

Radar Systems 

Missile Guidance 

Infrared Systems 

Control Systems Dynamics 

Physics 

HF& VHF Communications Data Handling 

CONVAIR/POMONA 

Convair/Pomona is a completely integrated plant with self-contained facilities 
for design, development and production of guided missiles, Outstanding devel
opments in guidance and control have been achieved in prime missile programs 
at Convair/Pomona, Extensive support equipment development for these missile 
and weapon system programs has also marked our history, 

Missile experience has been diversified; flexibility of design has been mandatory; 
achievements have been unique. Advanced weapons for defense have keynoted 
progress at Convair/Pomona. 

Pomona is located 40 minutes from Los Angeles in a city of 68,000, out of the 
congested area, where living is a year around pleasure. A full spectrum of sum
mer and winter recreation and cultural activities are within an hour's drive. 

You are invited to write Mr. B. L. Dixon, Industrial Relations Administrator, 
Dept. BP-510, Convair, Pomona, California. 

g?Vb��� GENERAL DYNAMICS 
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Green flash appears in black·and·white photograph as a horizontnl wisp at top oj solar disk. Here sun sets in smog 

added at the lower edge of the slit so 
that a comparison spectrum can be pho
tographed simultaneously as an aid in 
the identification of unknown lines. 
Light from a small neon bulb is directed 
against the lower face of the prism for 
about 10 seconds. Any miniature neon 
bulb can be used. Neon emits particular
ly strong lines at 5,400, 5,852 and 6,402 
angstroms. This accessory is not too 
important, because the 5,577 lines can 
always be recognized, as is apparent in 
the accompanying spectrogram [top of 
page 182]. Incidentally, the lines may be 
sharpened by making the slit narrower 

than .015 inch. Sharpness is gained at 
the cost of longer exposure, however, 
because the light admitted to the film 
varies inversely with the width of the slit. 
Moreover, a narrow slit emphasizes the 
higher-order images. 

"To aid in estimating exposures and 
plotting variations of auroral brightness 
a 931-A photomultiplier tube was in
corporated in the instrument. The 
photocathode is illuminated by a small 
telescope equipped with an objective 
lens of H inches diameter and 12 inches 
focal length. The incoming light is 
focused on the photocathode through a 

diaphragm 1/2 inch in diameter that 
limits the illumination to a patch of 
aurora about five degrees in diameter. 
The output of the phototube actuates a 
microammeter. Brightness is indicated 
simply by the movement of the pointer. 
If an ultra sensitive meter is used, so that 
a current of 10 microamperes drives the 
pointer to full scale, no amplifier is 
necessary. If not, the circuit must include 
a direct-current amplifier. Warning: The 
900-volt supply for the photomultiplier 
can be lethal if handled carelessly. The 
tube and all parts of the circuit must be 
well insulated from the metal housing; 

Green flash is photographed with most oj the sun's disk below the horizon 
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Red flash appears in black-and-white photograph as horizontal wisp below sun's disk 

Large sunspot is visible at lower right on the sun's disk 
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no bare wires or terminals can be ex
posed. The instrument is used in dark
ness, a condition that invites accidents. 

"A meter of the pen-recording type 
would be preferable because it would 
plot a continuous graph of brightness 
against time automatically. I have not, 
however, invested in one. The accom
panying graph [bottom of page 182] of a 
typical aurora was plotted by hand from 
periodic meter readings. The display was 
of medium intensity and showed a strong 
peak at midnight. The spectrograph was 
pointed due north and about 20 degrees 
above the horizon. The early portion of 
the record doubtless includes some twi
light. The photomultiplier tube draws a 
small amount of current even when no 
light falls on the photocathode, an effort 
that establishes the minimum illumina
tion to which the tube is sensitive. It is 
called the 'dark current,' and is indicated 
on the graph by the horizontal broken 
line near the bottom. 

"A second 931-A photomultiplier is 
being added to operate an alarm system 
during sleeping hours. It will be ac
tuated by light dispersed to the side of 
the axis opposite the camera location. 
The characteristic green line at 5,577 
angstroms is focused by a small lens on 
a second slit that excludes all other light 
from the photomultiplier. For mechani
cal compactness the beam is folded by a 
small front-surfaced mirror [see bottom 
illustration on page 180] that can be 
rotated during initial adjustment to cen
ter the 5,577 line on the slit. The output 
of the photomultiplier is amplified for 
operating a relay that in turn triggers an 
alarm when the 5,577-angstrom line 
reaches a predetermined intensity. 

"As a consequence of working with the 
auroral spectrograph I became interested 
in other optical phenomena of the atmos
phere, in particular the 'green flash' that 
is occasionally observed at the upper 
edge of the setting sun [see "The Green 
Flash," by D. J. K. O'Connell, S. J.; 
SCIENTIFIC AMERICAN, January, 1960]. 
Somehow I had gained the impression 
that observation of the green flash re
quires a large telescope, exceptionally 
good seeing and the smooth horizon of 
a large body of water or a desert. This 
proved not to be the case. The accom
panying photographs [pages 184, 186 
and 188] were made with modest equip
ment through an industrial atmosphere 
in a hilly region. 

"During the past 18 months scores of 
such photographs have been made from 
the eastern side of Pittsburgh, overlook
ing the downtown area about eight miles 
away. Green and red flashes have been 
observed on numerous occasions, and al-
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most every evening the sun has a green 
rim at the top and a red rim at the bot
tom. Green flashes have been seen as 
long as half an hour before sunset, as 
well as when the sun was partly below 
the horizon. In several cases green 
flashes have been seen and photographed 
even when the bottom edge of the 
sun was immersed in thick haze. Smoke 
and haze cause a pronounced reddening 
of the solar disk, however, and dilute the 
green flash with yellow. On exceptional
ly clear days the green flash appears 
bluish; on one occasion it was a deep 
violet. The phenomena are most pro
nounced when an abrupt drop in tem
perature follows several days of uniform 
weather. Incidentally, distortions of the 
solar disk at sunset can be used for pre
dicting astronomical seeing for the 
night: the better the green flash, the 
worse the seeing will be. 

"All the photographs have been made 
with an achromatic lens of two inches 
diameter and 50 inches focal length. The 
lens is mounted in one end of an alumi
num tube; a 35-millimeter camera (with 
the lens removed) occupies the other 
end. Originally I used a small homemade 
camera box equipped with a Compur 
shutter of 1/500 second maximum 
speed. Pictures made with this equip
ment showed a five-cornered star pattern 
that was traced to nonuniform motion of 
the five leaves of the shutter. This diffi
culty was solved by replacing the home
made camera with a Leica equipped 
with a focal-plane shutter. The complete 
assembly is mounted on a conventional 
tripod that rests against a window sil l 
for added support. 

"A reflex attachment is useful both as 

a view finder and when making the ini
tial adjustment, but it is not essential. 
Once the focus is established at infinity, 
you are in business. I made a provision 
for inserting filters ahead of the lens, but 
this feature has never been used. An iris 
diaphragm was mounted ahead of the 
lens. It is useful for reducing bright
ness when looking at the sun through the 
reflex attachment. \\larning: Care must 
be exercised when looking through the 
instrument at the sun, particularly when 
the sun is at an appreciable elevation. 
Serious eye injury can result. The il lumi
nation must be reduced either by means 
of an iris diaphragm, a dark filter or 
some optical arrangement that diverts 
most of the rays from the eyepiece. 

"Most green flashes are observed 
when the sun is near the horizon. The 
accompanying photographs show that 
extremely low elevation is not a critical 
condition for the phenomenon. One of 
the pictures [top of page 184] shows a 
green flash (the narrow sliver of light 
at the top of the disk) just coming off the 
limb. Note that the bottom of the disk 
is immersed in smog. This picture was 
made on November 15, 1959. The 
second photograph [bottom of page 184] 
shows a green flash at the moment of 
detachment from the disk and after a 
substantial portion of the sun has disap
peared below the horizon. The sil 
houetted buildings in the photograph are 
about eight miles away. 

"The third photograph [top of page 
186] shows a red flash that was detached 
from the bottom edge of the sun after 
the disk had been grossly flattened by 
atmospheric refraction. Such flashes 
separate from the disk abruptly, float 

free for an instant and then merge with 
the disk. Sometimes they resemble a sus
pended bubble. 

"Occasional ly  the camera records 
large sunspots. One is seen in the fourth 
photograph [bottom of page 186] above 
the rear of the cathedral at the right. 
The buildings are about 10 miles away. 

"By good fortune the Greater Pitts
burgh Airport happens to be situated on 
the west side of town, about 20 miles 
distant, and planes coming in for land
ings or taking off frequently cross the 
sun's disk. The exhaust gases always ap
pear to be illuminated for a couple of 
seconds when the plane comes out of the 
sun, creating the impression that the 
plane has sliced out part of the disk and 
is dragging it away. The illusion is par· 
ticularly pronounced in the case of jets. 
When the camera is replaced by an eye
piece, the hot exhaust gases are seen to 
be responsible for optical effects that are 
altogether comparable to the green, red 
and violet flashes. 

"The last photograph [below] shows 
the phenomenon in black and white. 
These effects can originate quite close to 
the observer. One evening I watched a 
Constel lation that was flying directly 
into the sun. Knowing that the wing
spread of the plane is 126 feet and that 
the solar disk subtends an angle of about 
half a degree, it was easy to calculate 
that the plane was some 2�� miles away. 
Suddenly, at about this distance, the 
plane banked and turned from the disk. 
As each engine crossed, the l imb portions 
of the disk appeared to be dragged be
hind. Each of the turbulences flashed 
red and green. Obviously these colors 
were of local origin. " 

Green /lash caused by turbulence in wake of airplane appears here as a small wisp jutting out to left of sun's disk 
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The mystery of radiation 
• 

In space 

B efore m a n  can safely trave l  i nto space , we must 
know more about the radiation he will encounter there . 

What kind it is.  How much there is.  Where it is.  

A tiny Hughes radiation detector, housed in this elec

tronics assembly, answers these questions. It is the most 

advanced detector yet developed-a thousand times faster 

reacting, smaller, more rugged than any other. 

Hughes detectors such as this, reporting back from outer 

space, have already provided information vital to our 

Man in Space programs. Because of their small size and 

high sensitivity, Hughes detectors can do many scientific, 

industrial and medical j obs impossible for other devices .  

They can give foot soldiers an instant means of  warning 

against harmful radiation. They will find many uses in 

medical research and cancer treatment. They are invalu

ble for controlling atomic reactors-as well as for process 

applications such as flow measurement, thickness gaug

ing, liquid level measurement, oil well logging and others. 

Hughes radiation detectors are a product of the Hughes 

Nuclear Electronics Laboratory-specialists in the gen

eration, detection, handling and analysis of radiation. 

I n  addition to the measurement of radiation in space, 

other Hughes space - oriented projects include satellite 

communications systems, radar and infrared detection 

systems, ion engines, lunar landing systems and space 

vehicle guidance systems. 

Hughes advancemen ts in the state of the electronic art 
are based on foresight, imagination and proven manage

ment capability. The reliability and operational capabil

i ties of H ughes systems have earned them the confidence 

of u sers throughou t the free world. 
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by O. G. Sutton 

ARMS AND INSECURITY, by Lewis F. 
Richardson; edited by Nicolas Ra
shevsky and Ernesto Trucco. The Box
wood Press and Quadrangle Books, 
Inc. ($10 ) . 

STATISTICS OF DEADLY QUARRELS, by 
Lewis F. Richardson; edited by Quin
cy Wright and C. C. Lienau. The 
Boxwood Press and Quadrangle 
Books, Inc. ($12.50 ) .  

T hese two books are unlike any 
others in the literature of mathe
matics. They were written rather 

late in life by a man who was unusual 
even among mathematicians, but who 
is assured of a permanent place in the 
history of the development of physical 
science. To appreciate these works, now 
generally available for the first time, one 
must know something of the man who 
wrote them, and of the motives which 
led to their composition. 

Lewis Fry Richardson (1881-1953 )  
was a British mathematical physicist 
who made contributions to the applica
tion of the calculus of finite differences 
to the solution of physical problems, did 
outstanding work in both macrometeor
ology and micrometeorology, wrote some 
papers on psychology and at various 
times, especially in his later years, at
tempted to apply mathematics to eluci
date the causes of wars. That is the 
bare outline of the career of a very 
remarkable scientist. To understand his 
approach to almost every aspect of life, 
including much of his professional work, 
one must add that he was an active 
member of the Society of Friends, to 
which his family had belonged for gen
erations. Quakerism was for him more 
than religious devotion, and in its gentle 
and compassionate creed lay the inspira
tion for many of his activities. 

His early days were very much like 
those of any child of reasonably well
off middle-class English parents (his 

BOOKS 
A mathematician's attempt 
to define the causes of war 

family were tanners in the industrial 
north of England) toward the end of 
the 19th century. His education began 
at a famous Yorkshire boarding school 
run by Quakers, and he afterwards took 
a good degree (first-class honors ) in 
physics at Cambridge. On leaving the 
university he first did some work at the 
National Physical Laboratory (the Brit
ish counterpart of the U. S. National 
Bureau of Standards ) and then taught at 
a small Welsh college, which he left 
to become "chemist" to a firm called 
National Peat Industries. He was then 
25 years of age. His stay with this firm 
came to an end after one year (apparent
ly the managing director absconded with 
a large sum of money ) ,  but it was no
table in that it saw the beginning of 
Richardson's researches in mathematics. 

Mathematical physics nearly always 
involves the solution of differential equa
tions. Some of the equations can be 
solved exactly by formulas; others can
not, and approximate methods have to 
be used. Richardson, who like Lord Kel
vin had "no satisfaction in formulas " 
until they were transformed into num
bers, was led to apply arithmetical 
methods to differential equations by his 
work on the flow of water in peat. It is 
characteristic of his life-long attitude to 
mathematics that he gave imaginative 
but illuminating names to the processes 
he devised. To make such problems de
terminate it is necessary to include ap
propriate "boundary conditions" which 
select the unique solution of the physical 
problem from the infinity of solutions of 
the mathematical equation. The "bound
ary" may be a curve or surface in space 
or in a space-time continuum, and Rich
ardson distinguished two main kinds of 
question which he called "jury" and 
"marching" problems according to the 
nature of the boundary conditions. If we 
know what happens at two extreme 
values of the independent variable, the 
solution must be determined with refer
ence to the whole of the boundary lying 
between these termini. This is a jury 
problem. On the other hand, we may 
know what happens at one terminus only 

(as in the problem of weather predic
tion) and the solution has to be found by 
"stepping out" in small increments. This 
is a marching problem. The methods in
vented by Richardson gave mathematics 
a powerful tool and in many ways an
ticipated the work of others at a much 
later date. 

In 1913 Richardson, who had come 
under the influence of an enthusiastic 
amateur meteorologist when at school, 
joined the Meteorological Office and be
came superintendent of a meteorological 
observatory at Eskdalemuir, a lonely vil
lage in the border country of Scotland. 
Here, in tranquillity, he began to formu
late his ideas for the work by which he 
is best known. Characteristically he se
lected a problem, the forecasting of 
weather by the use of mathematics, 
which was then regarded as completely 
intractable. 

From the middle of the 19th century 
the various meteorological services had 
published daily forecasts, but the results 
were often not very impressive. In 1913, 
before the Norwegians had developed 
the frontal theory of cyclonic disturb
ances, forecasting was almost entirely 
empirical. The forecaster made little or 
no use of mathematical theory and based 
his predictions upon his memory of past 
weather coupled with an uncertain 
understanding of the physical processes 
at work. The amount of information 
available was pitifully small and almost 
entirely restricted to the lower levels of 
the atmosphere. 

Richardson had been impressed by the 
successes of astronomy. Predictions of 
eclipses do not depend upon the memory 
of the astronomer, and he asked why 
weather forecasts should not ultimately 
be equally precise and objective. He 
understood as well as anyone the formi
dable nature of the obstacles-the intrac
tability of the physical equations, the 
lack of data and the limited time avail
able for calculation-but he must also 
have realized that he knew as much as 
any living man about handling formally 
insoluble problems by numerical meth
ods. He set to work to draw up an am-
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bitious scheme for the forecasting of 
weather by the solution of differential 
equations. 

The work was interrupted by the out
break of war in 1914. Richardson's 
Quaker conscience gave him no rest 
until he managed, despite official frowns, 
to get to France as a member of a 
Friends' ambulance unit. The first calcu
lations for what is now called "numerical 
forecasting" were done in uncomfortable 
rest billets behind the lines. On one oc
casion his precious manuscript was lost, 
to be discovered later underneath a heap 
of coal. 

This immense single-handed effort fi
nally resulted in one of the most extraor
dinary books in meteorology, Weather 
Prediction by Numerical Process, pub
lished at Cambridge in 1922.  For the 
mathematical notation he used not only 
the entire Roman and Greek alphabets 
but also part of the Coptic alphabet and 
some unusual symbols which he in
vented, such as a leaf to represent evapo
ration from vegetation. He also discussed 
the cost of the service and suggested a 
fantastic plan for the meteorological of
fice of the future, which he thought 
should be housed in a vast dome-like 
building with the chief mathematician in 
the center "conducting," with beams of 
colored lights and a concourse of 64,000 
mathematicians-the number he esti
mated would be needed to keep pace 
with the weather of the world. He did 
not forget to include playing fields, "for 
it was thought that those who compute 
the weather should breathe of it freely." 

Despite these eccentricities, Richard
son's book has an honored place as "the 
first text-book of dynamical meteorolo
gy." The exposition makes considerable 
demands on the mathematical knowl
edge of the reader, but the central idea 
is relatively simple. It depends on the 
fact that from the equations of physics 
the time-rates of change of the main 
meteorological elements (velocity, pres. 
sure and density) at a point can, in 
theory, be found by numerical methods 
from a knowledge of the spatial distribu
tions of the same elements at a given 
time. Now the distribution of wind, pres
sure and temperature (and therefore 
density) in space at any given time can 
be found, at least approximately, from 
the observations of the meteorological 
stations, and when the instantaneous 
time-rates of change have been com
puted with the aid of the equations from 
these data, a new spatial distribution can 
be found for a brief time ahead, say one 
hour. This process, when it is repeated 
many times, "marches" to give a fore-

cast of the physical state of the atmos
phere at any future time from which the 
coming weather can be deduced. The 
forecasting problem can in theory be 
solved in this manner. 

The scheme involves an enormous 
number of individual calculations, which 
Richardson, using only a desk computer, 
carried out for one occasion on which the 
data were, for that time, unusually com
plete. The final result was a grotesque 
failure. During the six hours in question 
the barometer remained almost station
ary in the selected area, whereas the cal
culations predicted a rise of 145 milli
bars (about 3.7 inches). This is 10 to 
100 times greater than any rate of rise of 
pressure that has ever been observed 
(except perhaps for brief periods in the 
center of a tornado) and it must have re
quired considerable moral courage to 
publish such a prediction as the culmina
tion of the long and tedious calculations. 

The reasons for this spectacular failure 
are now known. The initial data were 
inadequate and Richardson had not 
overcome all the mathematical and com
puting difficulties of the work. But time 
has justified his faith in the concept. A 
better understanding of the dynamics of 
the atmosphere and of the difficulties of 
the approximations, together with the in
vention of the high-speed computer, 
have now brought numerical forecasting 
to the stage when it can compete suc
cessfully with "conventional" methods. 
The sequence of operations is basically 
that used by Richardson. History cannot 
be written on the basis of "if," and it 
would be going too far to claim that 
without Richardson's pioneer effort nu
merical forecasting would not be in 
operation today. But those who have de
veloped the present techniques from 
1946 onward have always been ready to 
acknowledge their debt to the original 
attempt. 

The remainder of his contributions to 
physics must be summarized very briefly. 
He did remarkable work, far ahead of its 
time, in the problem of turbulent diffu
sion. In the dynamics of nonhomogene
ous fluids his researches are remembered 
by the "Richardson number," now uni
versally recognized as the basic param
eter in this difficult study. 

His Quaker conscience compelled him 
to resign from the Meteorological Office 
when it became part of the Air Ministry 
in 1920, and he returned to teaching. In 
1926 his standing in science was recog
nized by election to the Royal Society. 
After his retirement from academic life 
in 1940 he continued his studies of the 
causes of war, which he had begun in 
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1919. He died in Scotland in 1953 at 
the age of 72. 

' 

The books reviewed here are the re
sult of Richardson's life-long "concern" 
with the prominence of violence in both 
national and international life. As early 
as 1919 he had written a pamphlet en
titled Mathematical Psychology of War, 
of which only a few copies now exist, 
mainly in the British copyright libraries. 
Later he expanded these ideas in a 
monograph called Generalized Foreign 
Politics. ATnlS and Insecurity, produced 
in 1947 as a manuscript on microfilm, is 
an enlargement of Generalized Foreign 
Politics. Statistics of Deadly Quarrels 
was produced in microfilm form in 1950. 
Neither work was generally accessible 
until the present editions appeared; they 
were probably known only to a small 
circle before tile appearance in 1956 of 
James R. Newman's anthology The 
World of Mathematics, Volume II of 
which contains summaries of them. 

Arms and Insecurity is the shorter and, 
to me, the more attractive of the two 
books. It is absorbing but not always 
easy reading, not because of the difficul
ties of the mathematics (the technical 
demands made of the reader are far be
low those required for Weather PTedic
tion by NumeTical Pm cess ), but because 
of Richardson's peculiar manner of writ· 
ing, which is best described as distract
ing. His pages are littered with quota
tions and proper names. All mathemati
cians, I suspect, invent an alter ego to act 
as a de viI's advocate when they are for
mulating an argument. Usually they 
keep their musing private, but Richard
son had no inhibitions about revealing 
his misgivings in print. His alter ego is 
"Critic," who every few pages interjects 
caustic remarks to which the author re
plies, sometimes not very convincingly. 

The main argument of Arms and In
security is a denial of the ancient Roman 
philosophy of Qui desiderat pacem, 
praeparet bellum (Let him who desires 
peace, prepare for war). But it is more 
than a rhetorical appeal to history. Rich
ardson's method is to study the condi
tions of equilibrium between nations that 
have massive armaments by an examina
tion of the solutions of certain differential 
equations which, in his view, give a 
tolerably faithful representation of the 
main features of this complex situation. 
His concept is perhaps best summed up 
in his own words, in one of his imaginary 
conversations: 

CRITIC: How can anyone possibly make 
scientific statements about foreign 
politics? These are questions of right, 

of loyalty, of power, of the dignity of 
free choice . . . .  

AUTHOR: . . . Nowadays science does 
usefully treat many phenomena that 
are only in part deterministic . . . .  

CRITIC: Can you predict the date at 
which the next war will break out? 

AUTHOR: No, of course not. The equa
tions are merely a description of what 
people would do if they did not stop 
to think. . . .  The process described by 
the ensuing equations is not to be 
thought of as inevitable. It is what 
would occllr if instinct and tradition 
were allowed to act tt11contmlled .... 

The equations to which Richardson 
refers are intended to describe conditions 
during an arms race. They are simple in 
form and have a physical analogy in 
linked oscillating systems such as a 
double pendulum. Their derivation can 
be understood without calling in ad
vanced mathematics, as follows: if x 
represents the "defenses" of a country 
and y that of its rival, Richardson first as
sumes that each country endeavors to 
keep pace with its potential enemy. In 
mathematical terms, the rate of growth 
of x (dx/ dt, where t is time) is made 
proportional to y and equally, the rate of 
increase of y is made proportional to x. 
A simple system of this kind is inherent
ly unstable, that is, the solutions for x 
and y contain terms that increase indefi
nitely with time. The appearance of 
infinities in the analysis of a physical 
problem often indicates to the mathe
matician that the original model no 
longer represents the phenomenon being 
studied. To Richardson instability meant 
war, not bankruptcy, but he recognized 
that in practice certain restraints operate, 
something like friction in the pendulum. 
To allow for the stabilizing influence of 
the "fatigue and expense" of keeping up 
armaments he brings into each of the 
equations negative terms proportional to 
x and y, respectively. Finally, to take ac
count of the widely held view that anna
ments are merely the outward symptom 
of national ambitions and grievances, 
two "constants" are added. Thus finally 
he arrives at two simultaneous differen
tial equations which say that in both 
countries the rate of increase of defenses 
is determined by what the other side 
does plus a factor attributable to am
bitions and grievances but constrained 
by the manpower claims and financial 
burdens of the defenses. 

There are certain simple consequences 
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of the equations which Richardson re
gards as evidence of their internal con
sistency and applicability to real situa
tions. Bilateral dism·mament is perma
nent if and only if all defenses are abol
ished and all ambitions and grievances 
are satisfied simultaneously. Unilateral 
disarmament cannot produce a steady 
state. This may not seem very convinc
ing, but Richardson gives a striking ex
ample of the validity of his analYSis in a 
real historical situation. He considers the 
period of the European arms race from 
1909 to 1914, when France was allied 
with Russia, and Germany with Austria
Hungary. His mathematical analysis 
shows that the rate of increase of the 
combined annual defense budgets of the 
two alliances should be proportional to 
the combined defense budgets; and he 
demonstrates from the published figures 
that this is what actually happened, the 
agreement being so close that, in the 
words of one critic, "if the question [of 
the validity of the theory] were one of 
physics, it would be regarded as settled. " 
Further, the equation, when fitted to the 
data, indicates that equilibrium would 
have been reached if the combined total 
costs had been agreed at a certain figure 
which is close to the value of the sum of 
the imports of the two groups from each 
other. Richardson suggests that if the 
defense budgets of the year 1907 had 
been adjusted to satisfy his criterion of 
"no tendency to increase": 

"World War I would not have oc
curred. . . . The changes required to 
reach the point of balance [which] we 
must imagine .. . to have been voted or 
approved in the usual manner as an ex
pression of mutual good will . . .  are of 
the order of the expenditures of the same 
nations in a couple of days of the sub
sequent war. 

"Appeasement, as attempted by Mr. 
Neville Chamberlain in 1937 to 1938, 
was quite different. It was a rather vague 
offer to negotiate, accompanied by a 
marked increase in armaments on both 
sides. " 

Later in the book Richardson de
velops, on the same basis, a theory of the 
interactions of any number of nations 
with, naturally, a more complicated 
mathematical treatment. He deduces, 
among other things, that a world com
posed of a large number of small nations 
of equal "size" is more inclined to in
stability than one made up of a few large 
powers. His examination of the arms race 
that ended in the Second World War in
dicates that the world was unstable in 
the 1930's and that pacification during 
this period would have required not only 
the cessation of all defense expenditures 
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by the nations involved but also "further 
active obligements among them," such as 
the alleviation of grievances. For the 
present period his tentative conclusions 
are best given in his own words: 

"So it may come to pass that the world 
will for most of the time be content with 
just enough stability .... We are led to 
the tentative hypothesis that: on the 
average over the peaceful part of a long 
period such as a century, during which 
aviation is increasing, the world may be 
expected to be just stable." 

These words, it should be remem
bered, were written when the potentiali
ties of large rockets armed with atomic 
war-heads were hardly realized. 

The second volume, Statistics of 
Deadly Quarrels, is of a different type, 
although the style is sui generis and the 
Socratic dialogues still appear. It is an 
attempt to examine statistically how far 
conditions between nations, groups and 
individuals which have led to wars and 
murders are measurable. It is both a 
source book and an analysis of the causes 
of violence. Richardson's list of more 
than 300 wars from 1820 to 1949 is like
ly, as the editors say, to be "a mine of 
information for social scientists and his
torians as well as for statistical analysts." 
From this mass of facts he makes some 
interesting deductions, many of which 
run counter to commonly held beliefs, 
For example, he concludes that between 
1820 and 1949 no one nation could be 
Singled out as the chief troublemaker
aggression was widespread, Karl Marx's 
dogma that the class struggle was the 
most important element in the causes of 
war in this period is not supported by the 
analysis, nor are there grounds for the 
belief of Zamenhof, the inventor of 
Esperanto, that a common language, by 
promoting mutual understanding, would 
have had a pacificatory effect. As regards 
the effects of the diverSity of religious 
beliefs (including communism, which 
Richardson finally considered to be a 
religion, "for it permeates the whole life 
and is somewhat resistant to evidence"), 
the calculations give verdicts of "not 
proved" against both the Christian and 
Moslem religions on the charges of hav
ing notably instigated or prevented wars 
between their adherents. An interesting 
result is that the number of outbreaks of 
war in a year follows quite closely the 
statistical law known as Poisson's dis
tribution, but more of this later. 

One could fill many pages with ex
amples of fascinating and often chal
lenging deductions made by Richardson 
from his mathematical scrutiny of his
tory. But the truth or otherwise of any 
single deduction is, I feel, of less impor-

tance than the question of the signifi
cance and validity of the methods used. 
Can we now judge if he had evolved a 
new technique in historical and social re
search by the free, though undoubtedly 
skillful, use of mathematics? 

In work of this kind one must guard 
continually against importing an emo
tional significance into purely mathe
matical results. Take, for example, Rich
ardson's demonstration that the number 
of outbreaks of war in any year from 
1820 to 1949 conforms to the Poisson 
distribution. This distribution is some
times called "the law of improbable 
events." It relates to circumstances in 
which a given mean number of occur
rences of a single type is the result of 
many opportunities for events which in
dividually have only a small chance of 
happening. There are many instances of 
this distribution, ranging from deaths in 
cavalry regiments by the kick of a 
horse, to the density of traffic on a high
way and the number of alpha particles 
emitted by a radioactive substance in a 
given time. In the latter instance we 
know that in any short interval of time a 
relatively small number of the many mil
lions of atoms in a piece of radium will 
change, but we cannot say when or why 
this will happen for any particular atom. 
The Poisson law here provides a simple 
mathematical model for the study of 
fluctuations in the number of alpha par
ticles emitted in various time-intervals. 

Is it justifiable to conclude (as the edi
tors do) that wars are distribu ted in time 
"by chance"? This seems incredible. One 
may, perhaps, consider death by lightning 
stroke as a matter of "chance," for there 
is no conceivable method of predicting 
where and when the next stroke will oc
cur and no means of averting the danger 
short of spending one's life in a deep 
cave or in the polar regions, But it is. 
widely held that the danger of war can 
be foreseen and its outbreak averted by 
statesmanship. Otherwise much of the 
study of history and politics is vain. 

Statistical theory rarely provides a 
means of discovering radically new 
truths, and its chief use is to examine the 
internal consistency of the data and to 
assess objectively the weight of evidence 
for an assertion. In the problem of wars, 
the chance of an outbreak occurring on 
any day is small, but the number of days 
in a year is, statistically, large. One 
would therefore expect a priori a toler
ably close agreement between the his
torical facts and the theoretical law. The 
numerical analysis, in my view, simply 
verifies this statement, just as agreement 
between the results of a coin-tossing trial 
and the binomial distribution shows no 
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more than that the tosses were fair and 
the coin true, and does not provide evi
dence for a hidden "law of averages," as 
is widely believed. So many factors in
fluence international relations that the 
problem of predicting the number of 
wars that will start in a given year is in
soluble. But this is not to say that the 
timing of wars is a matter of chance in 
the sense of death by lightning stroke. 

Arms and Insecurity is a very differ
ent kind of book, for it is not primarily 
based upon statistical theory. In it Rich
ardson, by constructing a definite model 
of a physical kind to simulate the inter
actions of nations, attempts much more 
than a weighing of evidence. Such a pro
cedure is fraught with far greater danger 
than a statistical inquiry, but, on the 
other hand, if the model is valid, the gain 
in precision is immense. 

Throughout the work he considers 
only linear relations, that is, the magni
tudes of the effects are in simple propor
tion to the causes, and the various factors 
are additive. Linearization is recognized 
as a proper first step in the approach to 
a physical problem, for it avoids the diffi
culties of dealing with the complete non
linear equations and often is sufficient to 
reveal the main features of a phenome
non. But mathematics is a sharp-edged 
tool which has to be used with care, and 
even completely rigorous arguments can 
lead to false conclusions in real phe
nomena. Classical hydrodynamics, for 
example, proves by impeccable reason
ing that a totally submerged body of any 
shape moving steadily through a fluid 
experiences no drag. This result, known 
as d' Alembert' s principle, is completely 
at variance with experience. The expla
nation is that classical hydrodynamics 
ignores viscosity, which even in a fluid 
such as air must be taken into account to 
produce a realistic answer. 

Richardson was quite clear about this 
limitation. In reply to a question in one 
of his dialogues-whether he seriously 
believed that it is possible to prove by 
mathematics anything about the be
havior of nations-he says: 

"All that can be proved by mathe
matics is that certain consequences fol
low from certain abstract hypotheses. 
But, after such proofs are established, we 
shall compare the observed behavior of 
nations with some of the deduced conse
quences and so form an opinion as to 
whether the hypotheses are a true de
scription of nations . . . .  It all depends 
upon hypotheses." 

In his first quantitative examination of 
the anTIS race that preceded the First 
World War, Richardson made out a good 
ease for his "hypotheses. " We may 
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doubt, however, his  implied conclusion 
that if both sides had been aware of the 
approaching instability, they would have 
called a halt. The lust of individuals for 
power is an irrational factor that can up
set all calculations based on economics. 

There is a rather sad postscript to the 
book which seems to indicate that Rich
ardson had come to a somewhat similar 
conclusion after the end of the Second 
World War. 'vVith the innate honesty 
that compelled him to publish the ludi
crous weather forecast in 1922, he wrote 
in 1946 : 

CmTIc: In view of the evidence at the 
Ntirnberg Trial I suppose that you 
will now admit that Hitler and his as
sociates planned the war deliberately. 

AUTHon: Yes, the evidence of formerly 
secret documents convinces me of 
what I was formerly loath to believe . 

CRITIC : And with that admission all your 
fine theories about defense coefficients 
and what-not blow away in smoke ! 

AUTI-IOn :  Not a bit . For it is firmly 
founded on numerical fact. 

CmTIc : But you cannot say both that the 
war was caused by mutual interac
tions between populations and that a 
small clique planned it deliberately. 

AUTHOR : I think that these two state
ments are compatible, because leaders 
lead peoples where they are willing 
to be led. 

What, then, are we to conclude about 
these remarkable studies? An intellec
tual exercise that leads nowhere, or the 
beginning of a new approach to the un
derstanding of the most important prob
lem of our day? The question is perhaps 
more appropriately addressed to a his
torian than to a mathematician, but for 
me the reading of these books has been 
more than a stimulating intellectual ex
perience. Time has proved the worth of 
many of Richardson's contributions to 
physical science, eccentric though they 
must have appeared to his contempo
raries. Will history be repeated? 

Short Reviews 

SCIENCE AND CIVILIZATION IN CHINA : 
VOLUME III ,  by Joseph Needham. 

Cambridge University Press ( $27 .50) . 
It is a rare experience to witness the 
growth of a great work. The appearance 
of the third volume of Needham's mag
nificent survey cannot fail to excite one's 

admiration-almost to the point of in
credulity-of his energy, his scholarship 
and his ability to handle with such 
authority and assurance the vast array of 
material he has gathered about the 
science and technology of <:=hina and its 
relation to the .growth of knowled ge 
elsewhere in the world. "With this vol
ume we reach the ore of the work as a 
whole, and leave behind all tunnels and 
adits . "  Its purpose is to describe and ex
plain the Chinese contributions to 
mathematics and to the sciences of the 
heavens and of the earth : astronomy, 
meteorology, geography, geology. The 
sheer bulk of the material and the de
tail may seem bewildering ( the section 
on astronomy alone runs to almost 300 
pages ) ,  yet, as Needham reminds us, we 
are concerned with the culture of more 
than a fifth of the human race, inhabiting 
for 3,000 years a land area at least as 
large as Europe. Needham characterizes 
Chinese science as "fundamentally 
empirical and observational . "  The 
Chinese were not concerned primarily 
with logic or abstractions,  with elegant 
demonstrations or beautiful systems .  
Their science had  work to  do ;  it was 
practical, a tool for understanding nature 
and mastering the environment. What 
Needham makes abundantly clear is not 
only the magnitude and variety of their 
accomplishments, but in how many in
stances they gave of knowledge to the 
outside world more than they received. 
In mathematics they invented a I11lIller
al notation of nine figures with a place
value component equivalent to zero 
( by 1400 B .C . ) ,  the concept of negative 
numbers, the triangle of binomial co
efficients ( some 400 years before Pas
cal ) ,  the idea of determinants ( before 
Leibniz independently discovered it ) . 
Like the Greeks they were interested in 
numbers, number mysticism and numer
ology. Their geometry was much in
ferior to that of the Greeks ; on the other 
hand, by the fifth century they had 
worked out pi to 3. 1 4 15929, an accuracy 
not equaled elsewhere until the 16th 
century. Chinese algebra was as strong 
as their geometry was weak. Already in 
the first century they used quadratic 
equations and numerical higher equa
tions of special kinds as far as the third 
degree. What is most remarkable is that 
despite their proficiency in this depart
ment their algebra was rhetorical. They 
solved problems such as XX = 1 ,860,867 
and x2 + 34x=7 1,000 by setting them up 
on counting rods on a board. So far as 
another major branch of mathematics
analysis-is concerned, neither the Chi
nese nor the Japanese attained the dy
namic conception of the calculus until 
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after the arrival at the beginning of the 
17th century of the Jesuits, and the 
"consequent unification of world 
science . "  Needham elucidates the Chi
nese achievement in astronomy. They in
vented a polar-and-equatorial system 
different from that of the Hellenistic 
peoples, "though equally logical" ; they 
early imagined an infinite universe, with 
the stars as bodies floating in infinite 
space; they developed huge star cata
logues, elaborated an amazing assort
ment of astronomical instruments, in
vented a clock drive for the forerunner 
of the telescope, and maintained for 
longer continuous periods than any other 
civilization accurate records of celestial 
phenomena such as eclipses, novae, 
comets and sunspots . The Chinese in
vented the seismograph in the second 
century A .D .  Their best maps, of which 
an extraordinary example ( with won
derfully firm coastal outlines and precise 
river networks ) carved on stone in A .D .  
1137 is reproduced in  this volume, far 
surpassed those of Western medieval 
cartographers. Here, as in the earlier in
stallments, Needham is less convincing 
in his examination of the evidence as to 
"influences and transmissions" than in 
his account of the scientific work itself. 
And while his conjectures as to the reason 
for the failure of Chinese science and 
mathematics to make the j ump forward 
that Europe made after the Renaissance 
are always thoughtful, knowledgeable 
and even fascinating, they are less than 
compelling .  In his view socioeconomic 
circumstances explain both Europe's 
spurt in science and China's stagnation : 
the rise of a mercantile culture in the 
first case, the stultifying effects of an 
agrarian bureaucracy in the second. This 
is a judgment which many will find un
acceptable, preferring to believe that it 
was the revival of the Greek tradition 
that stimulated Europe and the very 
lack of the Greek passion for abstraction 
that hobbled the Chinese. A reviewer 
can do no better than urge the reader to 
acquaint himself at first hand with 
Needham's own brief as presented in this 
superb history. It has been said before, 
but i t  deserves to be said again, that the 
books are as beautiful as only the Cam
bridge University Press can make them. 

M ATHEMATICAL M ETHODS IN THE So-
. CIAL SCIENCES, 1959, edited by 

Kenneth J. Arrow, Samuel Karlin and 
Patrick Suppes. Stanford University 
Press ( $8.50 ) . Proceedings of the first 
Stanford Symposium, held at the Uni
versity in 1959, containing papers on the 
use of mathematics in economics, man
agement science and psychology. One 

6 ROUTES 
TO ADVANCED WORK  
AT CHANCE VOUGHT 

I N  DALLAS 
New programs are being staffed at 
Chance Vought in Dallas, Texas : 
Studies into advanced electronics.  
Development of  vehicl es  for the 
explora tion of s p a c e .  Anti-sub
marine detection devices . And 
basic  research to support these 
activities. These programs promise 
stimulating assignments for tech
nical specialis t s .  And important, 
too - they are excellent opportu
nities for a few men to join an 
o u  t s t a n d i n g  c o m p a n y  . . .  t h e  
n a t i o n ' s  third oldest  aerospace 
firm, an organization that is com
pletely geared for the future . 
Check your qualifications for the 
following openings : 

Aerodynamicist. Degree and minimum 
o f  3 y e a r s '  e x p e r i e n c e  in s p a c e  
mechanics , aerodynamic heating, stabil
ity and control,  air loads, or booster 
design. 

Antenna and Microwave Specialist. M . S .  
preferred. Minimum o f  3 years' design 
experience. Design of antennas, active 
UHF - UHF and microwave circuits. 

Computer Engineers. Degree and mini
mum of 3 years' experience in either 
design and development of computing 
equipment, or in the application of large 
digital computing machines to problems 
in flutter analysis, trajectories, struc
tures, etc. 

Space Flight Mechanics Specialists . B . S .  
d e g r e e  - a d v a n c e d  d e g r e e  p referred. 
All ranges of experience covering orbi
tal mechanics, trajectory analysis and 
booster design. 

Structures M aterials Specialists. B . S .  
degree (advanced degree preferred) and 
5 to 10 years' direct experience in plas
tics, graphite, carbon, metallics or non
metallics in research, development or 
test fields. 

Systems . Engineers. Advanced d e g r e e  
preferred. Minimum o f  3 years' experi
ence in navigation and guidance, auto
m a t i c  c o n t r o l s ,  d i g i t a l  c o m p u t e r s , 
g r o u n d  s u p p o r t  e l e c t r o n i c s ,  c o m 
m u n i c a t i o n s  d a t a  s y s t e m s , o r  t e s t  
instrumentation. 

Write:  Professional Placement Office, 
Chance Vought, P. O. Box 5907, 
Dallas, Texas 
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ON 
THERMONUCLEAR : 

WAR 
By Herman Kah,t 

" M o s t  s i g n i f i c a n t  . . .  [K a h n] is 
neither too frightened by the con
sequences, nor too insensitive to 
the destructive powers involved, 
to think rationally. ' ·- L .  R. HAF
STAD, formerly Executive Secre
tary of Research and Develop. 
ment Board, Defense Depa,·tment; 
cm"1"ently Vice President and Di. 
rector 0/ tbe research staff, Gen
eral Motors Corporation.  $ 1 0.00 

: � Princeton University Press ; 
. � '�I Princeton ,  New Jersey 
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The last published 
book of one of the 
world's greatest 

mathematicia.ns -

John von 

Neumann 
CONTINUOUS 

GEOMETRY 
This volume is the only comprehen
s i v e  exposition o f  von Neumann's 
basic contributions to the new branch 
of mathematics he established - with 
an analysis of 
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• Dimension Theories 
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• Transitivity of Perspectivity 

Edited by Israel Halper;'. 
$7.50 at all booksellers @ Princeton 
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of the contributions, by Eugene Galan
ter and George A. Miller, raises an in
teresting, important and too-little-recog
nized question. They point out that the 
stochastic models of human behavior 
that are currently available rely heav
ily-and in ways seldom made explicit
upon a particular kind of psychological 
theory. Yet, they remind us, if that 
theory is incorrect, models based on it 
will have limitations that cannot be 
overcome by using more sophisticated 
mathematics, and nothing less would 
serve than fundamental changes in psy
chological theory "and even, perhaps,  
in our underlying conception of the na
ture of man ."  The question deserves the 
attention not only of those who apply 
mathematics to psychology, but also of 
those who in other branches of social 
science, following the modish trend, are 
erecting increasingly formidable mathe
matical structures which rest upon ac
cepted, but not necessarily acknowl
edged or carefully examined, hypothe
ses. Mathematical seasoning may make 
the flavor more exotic without adding 
any nourishment to the stew. 

k ESSAY ON THE ApPLICATION OF 
MATHEMATICAL ANALYSIS TO THE 

THEORIES OF ELECTRICITY AND MAG
NETISM, by George Green . Chalmers 
University of Technology ( $5 ) . A fac
simile edition, printed for Professor Stig 
Ekelof of the Chalmers University of 
Technology in Sweden, of George 
Green's famous 1828 essay-a landmark 
of the mathematical theory of electro
statics and magnetostatics which con
tains ,  among other well-known results, 
Green's theorems connecting surface and 
volume integrals, and Green's function, 
the concept widely used in the solution 
of partial differential equations .  This 
lucid work, by a 34-year-old, self-taught 
miller's son from Nottingham, has been 
described as "the beginning of mathe
matical physics in England ." A most at
tractively made little book, which his
torians of science and students of physics 
and mathematics will be happy to have 
in their libraries . 

THE CONCISE ENCYCLOPEDIA OF 
WESTERN PHILOSOPHY & PHILOSO

PHERS, edited by J .  O.  Urmson. Haw
thorn Books, Inc. ( $ 12 .95 ) . Of philoso
phy Descartes said in his Discourse on 
Method that "there is not a single mat
ter within in its sphere which is not still 
in dispute ."  His statement, as Urmson 
observes in introducing this work, is as 
true in the 20th century as it was in the 
17th. We cannot expect, therefore, to 
find in the 400-odd pages of this book 

pat answers to the great questions with 
which philosophers have wrestled for 
centuries, such as the meaning of the uni
verse, the nature of reality, the essence 
of matter, the relativity of moral stand
ards, the relation of mind and body; 
or even the solutions to lesser prob
lems : the views of Hegel or Heraclitus, 
the disagreement between empiricists 
and rationalists, the systems of Leibniz 
or Wittgenstein. There remains much 
that an encyclopedia of philosophy can 
accomplish, especially when it is as well 
thought out as this volume is, and when 
its contributors include many of the 
ablest practitioners of the art, among 
them A. J .  Ayer, Marvin Farber, Ernest 
Nagel, Gilbert Ryle, Stephan Korner, 
Alasdair Macintyre, H. B. Acton, G .  J. 
Warnock, Philip Merlan and others 
equally well known in their fields. One's 
general impression when leafing the 
pages, reading here and there as the 
treatment of one topic prompts one's 
curiosity as to the treatment of another, 
is that this is a well-executed task cov
ering a wide ground. The writing is at a 
remarkably high level of clarity and suc
cinctness, surprisingly free of profes
sional double-talk. Technical terms are 
intelligently defined, a matter of the first 
importance, since these are the counters 
of the game. Long articles cover stand
ard subjects : analysis, ethics, epistemol
ogy, metaphysics, logical positivism, em
piricism, idealism, utilitarianism, logic 
and so on . Several of these are excellent, 
and manage, despite the dimensions of 
the subject and the limitations of space, 
to give the reader the warm feeling of 
piercing difficult matters which he had 
hitherto despaired of understanding. The 
great philosophers get their due in bal
anced and informative summaries, which 
are of course, as the editor points out, 
no  substitute for the original writings 
but serve both as sources of background 
information and as preliminary guides 
to further study. As is to be expected 
in a work of this kind, treatment and 
emphaSis are uneven and curious omis
sions occur in almost every department, 
which will dismay different l·eaders in 
different degree, but all readers to some 
degree . If, for example, you hope to find 
in this book, especially because you can 
find it in no other, a plain explanation 
of the principle of indeterminacy, you 
will not only be disappointed but af
fronted, for the topic is not treated at all 
except in a single sentence forming the 
tail of an inadequate article on determin
ism. Neither cause nor causality appears 
as an entry; nor Kurt Godel, nor his 
proof ( which cannot be because he is 
primarily a mathematician and logician ,  
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CLU E: T h e  s u m  of t h e  d igits of t h e  

d i v i s o r  l e a ve s  a rema i n d e r  of sev

en w h e n  d i v i d e d  by n i n e .  a n d  t h e  

s u m  of t h e  d i gits  of t h e  q u ot i e n t  

l e a v e s  a re m a i n d e r  of t h ree w h e n  

d i v i d e d  by n i n e.  

AN D LET'S CON S I D ER A N OTH ER Q U OTI ENT. I t  ta kes s h a p e  a s  m e n 's 

m i nd s  go d eep i nto space. O n e  center of th ese ca l c u l ati o n s  i s  M a rti n - Denver,  

w h e re successf u l  p rofessi o n a l s  e n j oy fu l l  sco pe from basic  resea rch to veh i c l e  

d esign . You wi l l  fi n d  ra nge, rewa rd , a n d  statu re h e re. W r i te N .  M .  Paga n ,  Di recto r of 
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NASA program-highl ights 

N EXT DECADE 
I N  SPACE 

Ye a r  4 to 1 4  of t h e  S p ace Ag e 

Project Marlner- 600 to 1 200 I b s .  
Fi rst U .  S .  P l a netary m iss ions  to 
Venus and M a rs .  Mod i fied c raft for  
h a rd l a n d i ngs on moon . 

Project Aeros-24 · h o u r  stat iona ry 
weather  sate l l i t e .  Lau nched i n  
eq uatori a l  o rb i t .  Th ree sate l l i tes 
cou l d  permi t  cont i n uous  obse rva 
t ion  of most of ear th 's  s u rface . 

60,000 I b s .  

40 ,000 I b s .  

20,000 I b s .  

-
1 960 1 963 1 967 

CENTAUR SATURN Col SATURN C·Z 

* 
Project Voyager- O rb i t  M a rs a n d  
Venus  a n d  eject i ns t rum ented ca p·  
s u l e  for  atmospher i c  en t ry and  
perhaps  l a n d i ng.  

Orbiting Astronomical Observatory 
- Standa rdized , 3500 l b .  sate l l i t e ,  
for  severa l  exper i ments wi th  d i ffer·  
ent  sc ie nt i fic sensors and spec i a l 
i zed dev ices . 

A n t i c i p a t e d  G r o w t h  o f  N A S A  
Spacecraft i n  terms of weight 
of i n d i v i d u a l  near earth sate l l i tes .  

Launch Veh icles - N ew and more 
powerfu l  l a u n c h  veh ic les ; chemica l , 
e lect r ica l ,  n u clea r propu ls ion .  

Project  M e r c u ry- U .  S o's f i rst  
m a n ned sate l l i t e .  

Project Prospector-Soft l a n d i n g  
on  m o o n  a n d  exp lorat ion  o f  a rea 
wi t h i n  50 m i l es of l a n d i ng poi n t .  

Nimbu s - 600 to 7 0 0  l b .  meteoro· 
l ogical  sate l l i te  ser ies.  Stab i l i zat ion  
system wi l l  keep ca m e ras poi nted 
ea rthwa rd . 

Project Surveyor- Fi rst soft l a n d 
i n g  on  moon . Cond uct observat ions 
from stat iona ry posi t i o n .  

So lar  Ob servatory-350 l b .  La rge 
f lywheel  a n d  exte nded a rms rotate 
to sta b i l i z e .  U n d e r  const ruct io n .  

Orbiting Geophysical Observatory 
- 1 000 l b .  geophys ica l  resea rch 
sate l l i te  designed for  a near earth  
c i rcu lar  pol a r  orb i t  o r  a n  i n c l i ned 
h ighly e l l i pt ica l  o rb i t .  

These programs facing the scientists and 
engineers of NASA comprise the most 
challenging assignment ever given a group 
of Americans. 

You are invited to work alongside the many 
distinguished and dedicated members of our 
technical staff. For details about 
outstanding professional opportunities, 
address your inquiry to the Personnel 
Director of any of these NASA Research and 
Space Flight Centers -

NASA Ames Research Center . M o u nta i n  V iew,  Ca l i forn ia 

NASA Fl ight Research Center . P.O.  Box 273 ,  Edwa rds , Ca l i forn ia  

NASA Goddard Space Fl ight Center . G reenbe l t ,  M a ry land  

NASA Langley Research Center . H a m pton , V i rg in ia  

NASA Lewis Research Center . Cleve land 35 ,  Ohio  

NASA Marshall Space F l ight Center . H u ntsv i l l e ,  A labama 

NASA Wallops Station . Wal lops I s l and , V i rgi n i a  

N ati o n al Ae ro n aut ics and S p ace Ad m i n i strat i o n  
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since any number of philosophers whose 
sole concern is with logic and mathe
matics are included) ;  nor logical para
doxes-except for what Bertrand Russell 
or Gottlob Frege had to say about cer
tain of them. There are many such cases, 
most of them the result, no doubt, of the 
editor's deliberate choice, for a quart 
bottle will hold no more than a quart, 
and to have included something which 
was finally excluded would have meant 
the exclusion of something which is in
cluded. Editors, like anthologists, have 
a hard life. Still, things got by that were 
not mere matters of choice and that 
should never have got by. For example, 
the article on existentialism succeeds in 
making a marvelously fuzzy concept 
even fuzzier. But altogether this is an 
illuminating and enriching book, de
pendable for quick reference and a 
pleasure to read at leisure. Two addi
tional features are a helpful guide for 
further reading and a splendid set of 
104 plates (eight in color ) ,  giving 
fine portraits, especially of contemporary 
philosophers. 

PHYSICS OF THE UPPER ATMOSPHERE, 
edited by J. A. Ratcliffe. Academic 

Press, Inc. ( $14.50 ) . A collection of 
monographs on the atmosphere above 60 
kilometers: the thermosphere (Sydney 
Chapman) ;  properties and constitution 
of the upper atmosphere (Marcel Nico
let ) ; study of the upper atmosphere by 
rockets and satellites (Homer E. Newell, 
Jr. ) ;  the sun's ionizing radiations (Her
bert Friedman) ;  the airglow (D. R. 
Bates ) ;  the general character of auroras 
(D. R. Bates ) ; the auroral spectrum 
( D. R. Bates ) ;  radar studies of the au
rora (Henry G. Booker ) ; the ionosphere 
( J. A. Ratcliffe and K. Weekes ) ;  the up
per atmosphere and geomagnetism ( E. 
H. Vestine) ;  the upper atmosphere and 
meteors (J. S. Greenhow and A. C. B. 
Lovell ) . 

INGENIOUS MATHEMATICAL PROBLEMS 
AND METHODS, by L. A. Graham. 

Dover Publications, Inc. ( $ 1 .45 ) . A 
paperback collection of 100 of the best 
problems which have appeared during 
the past 18 years in the puzzle column 
of the Graham Dial. Examples: What is 
the shortest line in which the multiplica
tion 4, 109,589,041,096 X 83 can be ac
complished? It can be done in one sec
ond, by putting the 3 of 83 in front of 
the multiplicand and the 8 at the end, be
cause the answer is 341,095,890,410,968. 
What is the explanation and are there 
any more such cases? A stone falls the 
last half of the height of a wall in half 
a second. How high is the wall? What 

is the earliest point in a regulation major
league baseball schedule that a team can 
be assured at least a tie for first place 
in the final standings? 

OPERATIONS RESEARCH AND SYSTEMS 
ENGINEERING, edited by Charles D. 

Flagle, William H. Huggins and Robert 
H. Roy. The Johns Hopkins Press 
( $14.50 ) . A co-operative volume con
taining a set of lectures delivered by the 
authors in the Johns Hopkins University 
annual two-week course for manage
ment. The range of topics is as sprawling 
as the curious and diffuse subject of 
operations research: statistical quality 
control, digital computers, linear pro
gramming, queuing theory, simulation 
techniques, theory of games, symbolic 
logic, human engineering, operations re
search in a hospital, a case study in a 
telephone company, simulation of tacti
cal war games, operations research "in 
the world crisis in science and tech
nology, " and so on and on. 

A BIBLIOGRAPHY OF INTERNAL MEDI-
CINE, by Arthur L. Bloomfield, M.D. 

University of Chicago Press ( $6 ) . In this 
volume the author continues the excel
lent bibliographical survey begun in his 
earlier work on communicable diseases. 
Here he has selected 21 diseases "of old 
and honorable lineage " ( including au
ricular fibrillation, coronary occlusion, 
pernicious anemia, leukemia, diabetes, 
Hodgkin's disease, Graves' disease, gout, 
Bright's disease, bronchial asthma, scur
vy, trichinosis ) ,  listed the fundamental
ly important references to each from 
1800 to the present, and given ab
stracts or partial translations of each 
item. Bloomfield's labors are distin
guished by his skillful summaries and 
quotations, which invariably get to the 
heart of each paper, and which when 
followed in sequence present an absorb
ing history of the searching and the 
progress of medical science. 

HANDBOOK OF SOCIAL GERONTOLOGY, 
edited by Clark Tibbitts. Univer

sity of Chicago Press ( $ 10 ) . This sec
ond of three handbooks covering all 
that is currently known about human 
aging consists of 19 papers concerned 
with various aspects of the relation of 
older adults to the "total environment" 
and sociocultural framework. Some of 
the topics covered are the changing 
demographic profile, aging in prein
dustrial societies, the technological and 
societal basis of aging, the impact of 
aging on the social structure, the health 
of aging people, income security, work 
patterns, retirement, the uses of leisure, 

PHYS I CAL S C IENCES  
Another a rea 

of advanced i nq u i ry at U T e  
A comp rehensive study of the basic 
phenomena in propulsion systems and 
their interaction with the environment is 
being conducted by a staff with unusual 
c a p a b i l i t i e s  at U n i t e d  Tech n o l o g y  
Corporation's new multi - million - dollar 
research and development complex in 
the San Francisco Bay Area. 

Specifics under investigation include : 
• Steady a n d  non-steady burn i n g  of so l i d  

composite and l iquid prope l l ants 

• Detonation and explosive phenomena 

• Aerothermodynamics of nozzle performance 
of two-phase gases involving the study of 
transport phenomena, adiabatic expansion 
l aws, nucleation, phase lag, and radiation. 

New concepts of major significance are evolving from this research_ 

A subsid iary of Un ited Aircraft Corporation 

P_ 0_ Box 358 • Sun nyva le, Cal ifornia 
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the older person in the family, health 
programs, governmental responsibility 
and functions.  

KULlA, by C .  A. Willemsen and D. 
. Odenthal. Frederick A. Praeger, Inc. 
( $ 12.50 ) . The southeastern part of Italy 
was known in earlier times as Apulia. 
Many nations have ruled this land, but 
the main architectural and artistic im
print upon it was made in about two cen
turies : from 1043, when the Norman, 
William the Iron Arm, became count 
of Apulia, to 1250, which marked the 
death and end of the reign of Frederick 
II, the Hohenstauffen. This volume pre
sents 230 photographs, supported by a 
brief text, of the landscape, and of the 
castles, palaces, chateaux, churches and 
cathedrals which remain of the many 
magnificent structures reared during this 
creative era. 

Notes 

ECOLOGY AND DISTRIBUTION OF RE
CENT FORAMINIFERA, by Fred B .  Ph leg
er. Johns Hopkins Press ( $7 .50 ) . A sum
mary and evaluation of research on these 
small calcareous protozoa, whose empty 
shells have for millions of years sunk 
to the bottom of the sea, and whose 
distribution provides valuable informa
tion about sea floors, the temperature of 
ancient seas, the location of oil, the 
movement of glaciers and other natural 
phenomena. 

ESSAYS IN THE SCIENCE OF CULTUHE 
IN HONOR OF LESLIE A. WHITE, edited 
by Gertrude E. Dole and Robert L .  
Carneiro . Thomas Y. Crowell Company 
( $6 .25)  . A festschTift on the occasion of 
the sixtieth birthday of the founder of 
culturology, a major defender of evolu
tionary theory in anthropology. 

DISPOSAL OF RADIOACTIVE WASTES, 
VOL .  I :  International Atomic Energy 
Agency. International Publications, Inc. 
( $6 ) . Proceedings of the 1959 Scientific 
Conference on the Disposal of Radio
active Wastes, held in Monaco, spon
sored by the International Atomic En
ergy Agency and UNESCO. The papers 
in this volume deal with the nature of 
radioactive wastes, treatment and pro
cessing, present methods of waste dis
posal. 

A PlUMER OF REAL FUNCTIONS , by 
Ralph P .  Boas, Jr .  John Wiley & Sons, 
Inc. ( $4 ) .  A course' of informal lec
tures on some of the concepts and meth
ods of real variables .  One of the Carus 
mathematical monographs. 
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His problem: 
To amplify human thought 

with new solid state 
compositional structures 

Name of this scientific American: 
Dr. William Shockley, Director 

of Shockley Transistor, 
Unit of Clevite Transistor 

• D uring the first half of the twen
tieth century, man learned to use 
the flow of electrons as a muscle for 
making radical changes in his envi
ronment. Recently, he has learned 
to use it as a form of intelligence 
which greatly amplifies his own 
thoughts, and which promises to 
make even more radical environ
mental changes. 

The computer arrives 
The first big step in this direction 

was the development of the com
puter during the second World War. 
But the early computer, with its 
hundreds of vacuum tubes, thou
sands of electronic components, and 
tens of thousands of soldered con
nections, soon hit a reliability bar
rier which severely limited progress 
via electronic computation. 

Then, in 1948, the barrier was 
broken. Dr. Shockley and two Bell 
Telephone associates - Drs. John 
Bardeen and Walter B rattain 
invented the transistor. In so doing, 
they touched off an explosion of 
s e m i c o n d u c t o r  d e v e l o p m e n t s .  

Already, these solid state devices 
have increased the logical capacity 
of the digital computer to that of 
the human brain, and today are used 
in computers and controls which 
mastermind operation of steel mills, 
refineries and entire power systems . 
In another two years, these chips of 
metal will constitute a billion dollar 
industry. 

Their advantages are great. In 
addition to size and weight assets, 
transistors seldom wear out, have 
low power drain and are much more 
shock resistant. Further, because of 
these characteristics, they can be 
used in combinations to perform 
functions not possible with vacuum 
tubes. 

Compositional structures 
Such combinations built into a 

single crystal by varying chemical 
composition of minute traces of 
impurity from place to place, repre
sent one of the more exciting devel
opments in semiconductor work . . .  
a development referred to variously 
as solid circuit, molecular engineer-

ing or compositional structure. This 
is the area in which Dr. Shockley 
has worked in recent years - and 
with outstanding s uccess. 

His organization was first to pro
duce a commercial compositional 
structure capable of replacing five 
separate devices - in the form of a 
four-layer transistor diode. This is 
a circuit element which consists of 
a single s ilicone crystal weighing 
about one-sixth of a milligram. 
Using only two external connec
tions, it i s  employed in high power 
applications and has become a suc
cessful method for driving ferrite 
memory cores. It is also used to 
pulse magnetrons in microwave 
a n d  r a d a r  a p p l i c a t i on s ,  and i s  
expected t o  become the "cross point" 
i n  f u t u r e  e l e c t r o n i c  t e l e p h o n e  
switching. 

The temperature problem 
Looking to the future, Dr. Shock

ley believes that the semiconductor's 
progress will depend to a large 
extent on better ways of growing 
the metal crystals from which tran-

"Pioneers in Precision" [I�) LEEDS &.: NORTHRUP 
' NSTRUMENTS · AUTOMATIC CONTROLS . FURNACES 

208 
© 1960 SCIENTIFIC AMERICAN, INC



sistors are made. One of the prob
lems, for example, is maintaining 
extremely close temperature regula
tion of the furnaces in which these 
crystals are grown and processed. 

The answer • • •  precise control 

In the Shockley plant at Palo Alto, 
California, Leeds & Northrup con
trollers keep furnace temperature 
variations within ±O.3 C over an 
operating range as high as 1400 to 
1500 C. S u c h  c l o s e  r e g u l a t i o n  
ensures production of crystals with 
uniform size and shape, and facili
tates accurate doping - the process 
in which desired impurities are 
introduced into the crystal. 

A close look at Leeds & Northrup 
controls in the semiconductor indus
try - in any industry - shows the 
kind of results which informed 
leaders of science and industry 
expect. You can get the facts on all 
L&N controls for the semiconductor 
industry by contacting our nearest 
office, or by writing to Leeds & 
Northrup Company, 4935 Stenton 
Avenue, Philadelphia 44, Pa. 
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Today, launching a diversity of bioscientific pro
grams, Melpar is probing many new areas in depth 
and breadth in all of the life sciences. Under the 
leadership of Dr. Milton A. Mitz, these include such 
areas as: 

. Bio-organic Chemistry, the isolation and 
characterization of natural products. 

Physiological Chemistry, the mode action 
of drugs and the general problems of inter
mediate metabolism. 

Biological Chemistry, electronic nature of 
nerve action. 

�nzymology, the chemical structure, the 
kinetic mechanism, and the specific function 
of biological catalysts. 

HES: 
The Parade of 
Disciplines in the 
Most Advanced 
Areas of 
Bloscientiflc 

What is the nature of nerve action? What is the 
function of a biological catalyst? These represent 
but a few of the areas Melpar is now exploring. 
This is Melpar: Project Probe. 

Scientists with advanced degrees in Bio
chemistry, who are interested in participating 
in Melpar: Project Probe, are invited to 
write to F. J. Drummond, Professional Place
ment Manager, 3349 Arlington Boulevard, 
Falls Church, Virginia. 

MELPAR'INC 
• 

A Subsidiary of Westinghouse Air Brake Company 
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"Where was then wisdom the . 
d h· ld�" m�rrore s �e . asked Shelley. 

Here is a start toward one answer, now accumulating 
wisdom in the form of experience, at tech/ops. Miniature 
residential homes, of quarter-inch steel, which simulates the 
shielding effect of house construction, are surrounded by 
a spiral mile of polyethylene tubing, into which a 
hydraulic pump forces a radioactive source (cobalt 60), 
to create a radioactive field around the small houses. 
Dosimeters (being checked here by Dr. Eric T. Clarke, 
tech/ops vice president) measure shielding. 

Result: the ability to predict the amount of shielding 
provided by typical buildings, in a major study 
by tech/ops for OCDM. 

One more example of tech/ops pioneering in 
"synthetic history", among other areas of scientific research 
and development for modern business, industry, 
and government. 

Appointments in systems analysis, operations research, 
and computer technology are available at all locations; 
in the physical sciences at Burlington. 

Trends in Military Operations Research, 
a new paper by Dr. Donald W. Meals of Technical 
Operations, is now available in booklet form. 
Your copy will be sen t free at your request. 
Address Robert L. Koller, at Burlington, Mass. 

Technical Operations, Incorporated 

Central Research Laboratories, 
Burlington, Massachusetts 

• •• 
WASHINGTON. D.C. /FORT MONROE. VIRGINIA 
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· enables us to take a penetrating look 

into the fundamental nature of matter. 

One of our most challenging research programs is an 
investigation of the microstructure of solids. By studying 
defects in minute crystals, we are obtaining greater under
standing of these basic building blocks of nature. Eventually, 
we hope to learn how to modify or eliminate these defects and 
thus better control the physical and mechanical properties 
of materials. 

If you are interested in corporate-sponsored studies into the 
fundamental nature of matter, we welcome your inquiry. We 
offer you a research environment where the scientist receives 
real backing; superior research tools; the use of the nation's 
largest computational facility; assistance from other scientists 
with complementary skills. 

,.. -- - - - - - - - - - -, 

OPPORTUNITIES 

for scientists in the 

physics of solids, 

liquids, gases, and 

plasma s. Current 

studies range from 

the fundamenta l 

properties of mat

ter to the applica-

tion of scientific 

knowledge to prom-
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Please send resume to Mr. W. H. Walsh, at the Research Laboratories ........ 
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RESEARCH LABORATORIES _ _ _ _ _ __ _ _  J 

UNITED AIRCRAFT CORPORATION 

400 Main Street, East Hartford 8, Conn. 
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An Independent Research Project by The Marquardt Corporation 
Man now lives in an environment to which he has adapted 

himself and which to some extent has learned to control. Thus, 

the manned space exploration program on the verge of becom

ing a reality must eventually provide a closed ecological sys

tem-an earth-oriented, miniature world-so astronauts can 

survive, function and fulfill their missions in the hostile 

environs of deep space. 

ASTRO, Marquardt's division for research into the space age, 

is actively engaged in an extensive Bioastronautics program 

of applied research to solve many of these physiological and 

psychological problems. 

One basic physiological project is directed towards photo

synthetic gas exchangers. Various algae forms are being used 

to effect the conversion of carbon dioxide to life-sustaining 

oxygen and food for the duration of the space voyage-a 

period that may last from a few weeks to a few years . 

The creation of a capsule-sized ecological system to sustain 

man in space, only one of the many objectives of the inde

pendent research program underway at ASTRO, serves to 

typify yet another aspect of The Marquardt Mission. 

Creative engineers and scientists aTe needed. 

ASTRO DIVISION 

a rg !Li!�1t 
CORPORATE OFFICES, VAN NUYS, CALIFORNIA 

• ASTRO • OGDEN DIVISION . POMONA DIVISION . POWER SYSTEMS GROUP . 
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DYNAMIC AMERICA 

"Mr. Bushnell found that it required 
many trials and considerable instruction 
to make a man of common ingenuity 
a skillful operator." 

The submarine made its debut as an 
offensive naval weapon in 1775 when 
David Bushnell's Turtle attacked a British 
man-of-war in New York harbor. A one-man 
craft operated by hand-cranked screw 
propellers, it was designed to attach a 
time-fused explosive charge to the underside 
of an enemy hull with a wood screw_ Failing 
to force the screw through the hull's copper 
sheathing, the submarine sailed away, 
cast off the charge near Governors Island_ 
An hour later, the primitive torpedo "blew up 
with tremendous violence, throwing a 
column of water to an amazing height, 
much to the astonishment of the enemy." 

From "Dynamic America," a history of 
420 pages and over 1,000 illustrations, 
published by Doubleday & Company and 
General Dynamics Corporation. Now 
available at leading book and department 
stores; or write General Dynamics, 
Department J A, 1 Rockefeller Plaza, 
New York 20, N_ Y_ Twenty dollars the 
copy_ (Add 55 cents postage for each copy; 
and add 3% sales tax for each copy 
to be delivered in New York City_) 

CONVAI R 
ELECTRIC BOAT 
ELECTRO DYNAM Ie 

GENER AL DYNAMIC:S 
GENERAL ATOMIC 
CANADAIR LIMITED 
STROMBERG·CARLSON 
LIQUID CARBONIC 
MATERIAL SERVICE 
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