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ORGANOTINS BEAT BARNACLES: New anti-fouling marine paints demonstrate the broad spectrum biocidal activity of M&T's TBTO® (tributyltin oxide). Added 10 

the paint, TBTO keeps boat bottoms free of barnacle type growths much longer • • .  and adds new resistance against algae-like plant growth. TBTO is one more of the unique 
compounds in the "mushrooming" family of M & T organometallics . •• proves potent, too, in wood preservation, textile purification, hospital sanitation, water treatment • 

. /7 
NEW LONG LIFE FOR CHROMIUM PLATE : When plated thicker than usual 
specifications from previous processes, chromium cracks from internal stress. Gal­
vanic action starts up causing pitting and rusting. Plating a thicker deposit with an 
ultra-fine crack pattern radically reduces such corrosion cell activity, assures opti­
mum outdoor life for brightwork -as proved by M&T MICRO,CRACK CHROMIUM. 

MODERN TECHNICAL SERVICE IN AGE·OLD ART: A new M&T ceramics 
laboratory probes the role of M & T' s antimony chemicals, zircon and other minerals 
in frits and glazes via precision sampling and test runs on glass and enamel melts. 
This extensive, high temperature facility augments the technical service offered by 
M&T - one of the major producers of opacifiers for ceramic enamels and glazes. 

New successes from Chemistry at M&T. . . When metals meet chemistry af M&T, the union brings you a 

better anti -fouling paint; develops a longer -lasting plated finish for automobiles; searches out the best ingredients for ceramics. In 

every case, there is a distinct benefit to an M&T customer and to his customers. METAL & THERMIT CORPORATION 

General Offices: Rahway, N. J . •  CHEMICALS· COATINGS· MINERALS· WELDING PRODUCTS· PLATING PRODUCTS . DETINNING 
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Siegler puts calipers on a cumulus cloud 

Siegler Cloud Height Radar, developed for USAF, 

visually maps, for the first time, not only height and 

horizontal dimensions but also upper limits and density 
of cloud formations directly over the airport-both 

critical factors in jet flight control. 

Another urgent need-provision of accurate weather 

data with the speed essential in the jet age-is met by 

Siegler Automatic Electronic Weather Stations, also 

developed for USAF. This solid state equipment gathers, 

computes and transmits data for continuous and accu· 

rate terminal weather predication-in a minute fraction 

of the time required for manually processed data. 

Meteorological capabilities are only one phase of Siegler 

I 

versatility in electronics, metallurgy and electro· 

mechanics. Siegler participation in major aerospace pro· 

grams includes ground and airborne communications 

and navigation aids, launch check·out, miniaturized 

solid state video systems, aerospace components and 

many other contributions. 

A contract with Siegler carries the extra asset of co· 
ordination of all Siegler divisional capabilities -produc· 

ing outstanding performance. Siegler coordinated 

capabilities range from basic research to production in 

military, industrial and consumer electronics; aerospace 

components; electro·mechanical systems; heating and 

air conditioning equipment. 

THE CORPORATION Los Angeles 5, California 

DIVISIONS OF THE SIEGLER CORPORATION: HUFFORD ' HALLAMORE ELECTRONICS ' SPACE SYSTEMS TECHNOLOGY GROUP , JACK & HEINTZ · MAGNETIC 

AMPLIFIERS' OLYMPIC RADIO AND TELEVISION · BOGEN PRESTO ' SIEGLER HEATER' HOLLY·GENERAL· VAC-U·UFT' COMMUNITY ANTENNA' COMET MANUFACTURING 
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WHITE'S DEFENSE AT 760 N, 680 W . . .  
Master chess demands the application of the science known as Game Theory. In modern military 

strategy. Game Theory is further refined to determine optimum moves in the mightiest contest ever 

known -the global match between the Free World and the Communist World. 

A decisive move was made late in 1960: the first BMEWS (Ballistic Missile Early Warning System) radar 

station began operating at Thule, Greenland. This system keeps a 24·hour vigil against aggression by 

enemy ICBM's. Huge klystrons produced by 

Varian are the heart of the BM EWS trans· 

mitter sub·system.The powerful tubes gen· 

erate radar signals-sent from antennas 

big as football fields-to seek out possible 

airborne intruders. 

Varian's broad experience in the design 

and manufacture of microwave devices is 

at your service. For full technical informa· 

tion, write Tube Division. 

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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AND PENNSYLVANIA . I KEYSTONE OF I NDUSTRY 

"' 

New Partners 
in Industrial Growth 

General Electric chooses Pennsylvania as the site for its new Space Technology Center 

".,'"" ..... '--"""" "We made a nationwide 
study before selecting 
Greater Philadelphia for 
our permanent home," 
says H. W. Paige, Gen· 
eral Manager of General 
El e c t r i c 's Mi s s i l e  & 
Space Vehicle Depart· 
ment. 

The decision to build this Space Tech· 
nology Center near Valley Forge was in· 
fluenced by a number of factors. "We 
were able to hire many of our 1500 scien· 
tists and engineers within a 100·mile 
radius, and we found an abundance of 
technically competent small businesses 
to do subcontract work. Excellent air and 
surface transportation provides easy ac· 
cess to missile launch sites, defense es· 
tablishments and other major defense 
and space contractors. 

"The attractive residential communi· 
ties, outstanding schools, colleges and 
cultural activities; and Philadelphia's dy· 
namic program of community improve· 
ment-which should continue to enhance 

the area's attractiveness to our profes· 
sional personnel-also influenced our 
decision. 

"Building this 800,000 sq. ft. center, 
while continuing to occupy a 600,000 sq. 
ft. facility in Philadelphia's 'University 
City' is proof we believe Greater Phila· 
delphia is admirably suited to the needs 
of a modern research and development 
business." 

Investigate the potentials of a Pennsylvania 
plant location now! Write for: 

• Facts on "100% Financing For Your New 
Plant in Pennsylvania" 

• Full details on Pennsylvania's excellent 
"Tax Climate" 

• "Plant Location Services" brochure 

• Current listing of available industrial build­
i ngs a nd sites 

• Special reports and tabulations, tailored to 
your specific location requirements, cover· 
ing-Labor, Markets, Transportation, Mate­
rials. Minerals, Water Power, Fuel, Engineer­
ing Facilities, 
T axe s a n d  
C o m m u n i ty 
Data 

ADDRESS INQUIRIES TO: 

4 

PENNSYLVANIA DEPARTMENT OF COMMERCE 
DIRECTOR OF INDUSTRIAL DEVELOPMENT 
Room 434 • South  Office Building· Harrisburg, Pennsylvania 
Phone: CEdar 4·2912 

THE COVER 
The painting on the cover depicts 
a sensitive torsion balance built at 
Princeton University to carry out a 
new test of the constancy of gravita­
tional acceleration (see page 84)_ 
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IM PACT 

The impact of electronics on military technology is seen in 
the enormous growth of our defensive/offensive missile 
capabilities. As a manufacturer of the basic components 
that makes electronics happen, Tung-Sol numbers among 
its customers many companies who produce the vital firing, 
guidance and tracking elements essential to our missile 
program. 

Reliability is a prerequisite of all components and in the 
missile program the performance standards are exceedingly 
critical. The ability to meet tight specifications in high 
volume production of electron tubes, transistors and diodes 
is a capability that distinguishes Tung-Sol. This is the 
reason why designers of the most sophisticated circuitry 
have found at Tung-Sol the answer to their components 
problem. Tung-Sol Electric Inc., Newark 4, New Jersey. ® TUNG· OL 

MIL-SPEC ELECTRON TUBES AND SEMICONDUCTORS-INDUSTRIAl. AND AUTOMOTIVE LAMPS 
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genus: homo · species: sapiens 
discipline: factors engineering 

At the six major RCA Defense Electronic Products facilities, teams of 
psychologists and design engineers are deeply involved in the highly 
specialized, incredibly complex study of human factors engineering­
man/machine interfaces, auto-instructional methods, decision processes, 
read-in/read-out optimization techniques, sensory perception, the 
entire spectrum of psychological-physiological-physical disciplines. 

Whether your requirements involve human factors study of command 
and control functions for defense networks, or projected life support sys­
tems for space exploration, a total RCA capability stands ready to assist 
you ... from feasibility study to project completion. Write Defense 
Electronic Products, Radio Corporation of America, Camden, N. J . 

• ® 
The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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Y business ill benefit 
ith NCR Data Processing! 

FROM 
ORIGINAL 

ENTRIES . . . . . • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . .  TO FINAL REPORTS 

Regardless of the type or size of your 

business, you will benefit from the effi­

ciencies of National Data Processing. 

From one or more of NCR's original 

entry products-accounting machines, 

cash registers, listing, window posting 

and receipting systems-you can get 

just the input media of your need and 

choice. This may be punched paper 

tape or punched cards. 

This input media is processed 

quickly, accurately and economically 

by an NCR computer specifically de­

signed to furnish complete record infor­

mation tailored to your specific needs. 

NCR offers a full range of Data Proc· 

essing Systems: small, medium, and 

large-scale computers, plus a network 

of processing centers. 

For more complete information on 

NCR GOES All THE WAY FROM ORIGINAL ENTRIES TO FINAL REPORTS. 
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THE NATIONAL CASH REGISTER COMPANY, Daylon 9, Ohio 
1039 OFFICES IN 121 COUNTRIES · 77 YEARS OF HELPING BUSINESS SAVE MONEY 

FINAL REPORT 

TI'� 
fiNAL REPORT 
-- ", � �, 
Ji.� a. AQ..'tioI>' .... r--

how NCR Data Processing can benefit 

your business, call your local National 

Branch Office or WRITE TO US 

TODAY! 

ELECTRONIC DATA PROCESSING' 
ADDING MACHINES • CASH REG/�TERS 

ACCOUNTING MACHINES 
NCR PAPER INO CARBON REQUIRED) 
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In sulators w i th terr if ic r e s i stance to thermal and mechan ical shock! This spark plug insulator was 
cooled to m inus 100°F. One end was suddenly brought to a white heat while the other end remained 
covered w ith frost. Another insulator was forced to pierce a 1,4-in. steel plate-and remained undamaged. 

From a frosty minus 100°F to white heat in seconds! ... because 

ceramic engineers at Champion mixed imagination with Alcoa Aluminas 

These Champion Spark Plug Company tests are more 
severe than any spark plug service requirements. But what 
better way to prove the almost unbelievable thermal and 
mechanical shock resistance of high-alumina ceramics? 

Why don't you mix imagination with Alcoa Aluminas to 
make your old product better or a new product possible? 
Send for our booklet, Ceramics-Unlimited Horizons. 
Aluminum Company of America, 701-M Alcoa Building, 
Pittsburgh 19, Pa. Ceramics today do things undreamed of until Alcoa® 

Aluminas made them possible. Alumina refractories with­
stand inferno heats, yet remain strong and stable under 
load. Ceramic parts composed principally of Alcoa Alu­
minas meet many of the toughest demands of high-powered, 
high-frequency electronic equipment. Alumina ceramic cut­
ting tools outperform tools of other materials. Mechanical 
ceramics, textile ceramics, even missile nose cones-all are 
better than ever because they're made with Alcoa Aluminas. 

Entertainment at Its Best . . .  ALCOA PREMIERE 
with Fred Astaire as Host ... Tuesday Evenings, ABC-TV 

TALCDA CHEMICALS ... ALUMINUM COMPANY OF AMERICA 

9 
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GIVE A COMMANDER 
A MOVING VISUAL OF BATTLE! 

4RF 
80 

Keeping surveillance display in tempo with high speed 
weapons is a critical challenge we accept at Sylvania 
Electronic Systems. 

For example, our pioneering and progress in electro­
luminescence-a new source of light-promises to be 
strikingly beneficial to top military personnel. By com­
bining the exceptional reliability of such techniques 
with advanced communication and data processing 
systems, a commander can now have a graphic and 
moving picture of the course of action as it happens! 
The key to such a picture is an advanced use of 
electroluminescence by GT&E engineers. When data 
communications control the excitation of the electro­
luminescent phosphors, letters, numbers, symbols­
even areas for tactical display-can be illuminated on 
wall-size panels with definition of up to 2500 spots of 
controlled light per square inch! Thus it is possible to 
recreate patterns of troop, fleet and aerospace move­
ments the moment they occur. What's more, since such 
a display uses little power and is not subject to cata­
strophic failure, it is ideally suited to the mobility 
requirements of the military. 

Progress in electroluminescent display typifies the work 
being done by the scientists and engineers of the Gen­
eral Telephone & Electronics corporate family. The 
vast communications and electronic capabilities of 
GT&E, directed through Sylvania Electronic Systems, 
can research, design, produce, install, and service com­
plete electronic systems. These systems cover the entire 
range from detection and tracking, electronic warfare, 
air traffic control, intelligence and reconnaissance 
through communications, data processing and display. 

That is why we say-the many worlds of defense elec­
tronics meet at Sylvania Electronic Systems, a Division 
of Sylvania Electric Products Inc., 40 Sylvan Road, 
Waltham 54, Mass. 

GENERAl TElEPHONE 
&ElECTRONICS 

Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 
Including: Automatic Electric . Electronic Secretary 

Industries. General Telephone & Electronics International 

General Telephone & Electronics Laboratories • Leich 

Electric . Lenkurt Electric . Sylvania Electric Products 
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The U. S. Naval Observatory maintains Atomic Time (A. 1) by using the Atomich as a 
frequency standard and utilizing reports from other laboratories in various countries 
which operate cesium·beam frequency standards. Ephemeris time, a most useful 
scientific tool, is defined in terms of Atomichron seconds, thus Atomichrons make 
Ephemeris seconds continuously available. 

The Atomichron derives the invarient resonant frequency of the cesium atom from an 
evacuated cesium beam tube and uses its frequency stabilizing system to provide con­
stant outputs with stabilities of parts in 1011 forever. 

Atomichrons provide invarient outputs forever! Atomichrons are insensitive to dimen­
sional changes; they are self-calibrating, fail-safe, resettable, and reproducible. 

Atomichron Primary Frequency Standard models are available for field use and for 
application in those areas of advanced research or development technology requiring 
extremely precise control of timing and frequency: narrow band and secure communica­
tions; precision measurements required in tracking, guidance, control and navigation of 
satellites, missiles, and other general aerospace systems. 

We invite your specific inquiry for further technical details on these or other time and 
frequency control problems. 

NATIONAL COMPANY, INC.� Dept. A.Malden 48,Massachusetts 
'Reg. U. S. Tradema(k 

A TOMICHRONS 

m 
NC-3001 
NC·3011 

NC·1501 NC-2001 NC·2011 NC·IOOI 
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DOOR IS OPENED . . •  

TO A MERRY-AND COLORFUL- CHRISTMAS 

Green in the winter is symbolic of the 
everlasting life believed in by millions 
of our earth's people, whether Chris­
tians or not. In the United States, we 
use green lycopodium for wreaths and 
evergreen streamers w.ith which to dec­
orate our homes, churches, stores, and 
so on. 

Lycopodium is the common everyday, 
man-in-the-street word for ground pine. 
If ground pine is gathered in August, is 
it still green in December? It is not! It's 
as brown as AI Smith's derby. (And 
here's where we craftily insinuate dyes 
from our National Aniline Division into 
the picture.) 

Lycopodium, as sent to our labora­
tories, is composed of dead, dry, vari­
toned brown fronds. If one dyes this 
material one comes up with dead, dry, 
olive-to-green fronds. You need more 
than one Division of Allied Chemical to 
help you produce an attractive product 
from lycopodium. 

To do the job right, you first soak the 
lycopodium overnight in a warm solu­
tion of General Chemical's sodium bi­
sulfite and National's NACCONOL NR. 
Then you drain the now fairly uniform 
light-brown material and immerse it in 
a solution of National's Victoria Green 
WB and Auramine O. For extreme uni­
formity, you will use, additionally, our 
selective Brilliant Blue 6G, Phosphine 
and Thioflavine dyes. You drain the 
colored lycopodium and soak it over­
night in a saturated solution of Solvay's 
calcium chloride, which imparts mois­
ture absorbing and retaining proper­
ties to keep it fresh-appearing from 
year to year. 

If you began in time and finished on 
schedule you can sell the lycopodium 
for Christmas this year. If not, don't 
worry-it will stay as green as money in 
the bank-which it is, potentially. 

Green wreaths require bright and lively 
hues to set them off: red ribbons and 
plastic bells, for example. Straw flow­
ers and dried weeds are dipped into thin 
shellac, colored with our dyes, and are 
then used to add gaiety to the theme of 
everlasting life. Red crepe paper rib­
bons, colored with dyes such as our 
Croceine Scarlet, lend an important as­
sist to this festive aspect of Christmas. 

"Our stockings were hung by the chim­
ney with care ... " You can bet your 
supply of 1961 Christmas Seals that 
more than equal care goes into the pro­
duction of our food dyes for the candies 
which fill those chimney-hung stockings. 
Techniques used in certified food dye 
manufacture and the refinements in the 
analytical control of the finished prod­
uct were undreamed of when Comet 
and Cupid were in orbit. 

Nowadays, most husbands spend more 
cash on wrappings for their wives' pres­
ents than they did on the entire gift in 

BASIC TO AMERICA'S PROGRESS 

depression days. Each year designers 
dream up more fantastically beautiful 
wrappings. Our dyes lend color to coat­
ing compositions, printing pastes and 
lacquers used in creating these attrac­
tive products. 

It wouldn't be a very jolly Christmas 
without a tree-natural or synthetic. In 
either case, NATIONAL Dyes and HAR­
MON Pigments may have been used. 
Green lacquers are sprayed on ... as 
well as shocking pink or lavender for 
beauty salon Yule trees and the like. 

But what's a tree without decorations? 
Christmas balls, blown and silver-mir­
rored, are dipped in lacquer or shellac 
colored with such dyes as our Auramine 
o Conc., Victoria Green WB, Victoria 
Blue B, Methyl Violet 2B and Safranine 
A Conc. Aerosol snows, made with 
General Chemical's GENETRON Propel­
lants and stearic acid, are sprayed on 
trees and mirrors. Christmas candles 
are colored with NATIONAL oil dyes. 

In conclusion, let us indulge in the ri­
diculous supposition that you are deter­
mined to give your wife a Christmas gift 
made without recourse to an Allied 
product. A mink coat? Dye in the lining 
and probably Mutual's chrome in the 
skins. An automobile? NACCONATE diis­
ocyanates, dye and CAPROLAN nylon in 
the seats, CAP ROLAN in the tires, vat dye 
and anti-skinning agent in the paint 
- even dye in the gasoline. A snow 
shovel? Dye in the wooden handle. An 
entirely aluminum snow shovel? Dye 
on the label, NACCONOL to clean the 
metal in process. A shovelful of snow? 
Better not dig it in Alaska: our dyes 
are used to mark packed-snow air 
fields. Anything you think of-even if 
it's money-Allied has probably done 
something to it! 

A MERRY-AND COLORFUL-
CHRISTMAS TO EVERYONE, 

from Allied Chemical Corporation, 
61 Broadway, New York 6, N. Y. 
CAPROLAN, HARMON, GENETRON, NACCONOL, NAC· 

CONATE and NATIONAL are Allled Chemical trademark •. 
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NEW 
POLYMER 
CAN BE 

PROCESSED 
OR FABRICATED 

IN 13 WAYS 
The LEXAN® polycarbonate resins­

a new class of thermoplastic polymers 

- are unique in that they perform like 

thermosets in many respects, yet can 

be fabricated by the inexpensive tech­

niques used with thermoplastics. 

Their high impact strength, dimen­

sional stability, heat resistance, 

electrical properties, and self extin­

guishing characteristic qualify them 

for roles formerly restricted largely 

to thermosets. 

Low-Cost Fabrication 

Yet, as thermoplastics, they can be 

molded by injection, compression or 

transfer methods; extruded into 

shapes or film; blow molded, vacuum 

formed, cold worked, or solvent casted ; 

made into coatings and laminates; 

welded, solvent cemented, bonded with 

adhesives. 

The freedom to choose relatively 

inexpensive production methods when 

working with polycarbonates brings 

them into range of alternative engi­

neering materials priced at far less 

per pound. 

G.E. Pioneered 

General Electric introduced the poly­

carbonates 3 years ago as pilot plant 

materials. Today, a commercial plant 

for G.E.'s polycarbonate-LEXAN-is 

on-stream, and the company is offer­

ing a complete program of technical 

aid and literature. 

For a better picture of where poly­

carbonate resin fits in your industry, 

send for "LEXAN Polycarbonate 

Resin" brochure No. A-I, charting 

properties in detail and illustrating 

many existing applications. 

LEXAN® 
Polycarbonate Resin 

GENERAL ELECTRIC 
Chemical Materials Dept., SecL SA·7. Pittsfield, Mass. 
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LETTERS 
Sirs: 

In the concluding paragraph of his 
mticle introducing your issue on the liv­
ing cell [SCIENTIFIC AMERICAN, Septem­
ber] Jean Brachet states: "This dissec­
tion of cells into their constituents does 
not, therefore, throw much light on the 
questions posed by philosophy." Quite 
the contrary is true; the probings of bio­
physicists and biochemists have shown 
that the living cell obeys causality, and 
that this is the answer to the questions 
posed by philosophy. If we could assem­
ble a cell out of its constituent mole­
cules, it would be no less alive than a 
cell that has evolved naturally; a cell 
does not possess "free will"; the response 
of a cell to its internal and external en­
vironment is uniquely determined by 
that environment. 

The principle of causality implies that 
living organisms are complicated electro­
chemical structures that are subject only 
to the laws of gravitation, conservation 
of energy and so on. Effect predictably 
follows cause-predictably in the sense 
that the present and future state of the 
universe is completely determined by its 
past state, so that a supercomputer one 
billion years ago could have predicted 
that the living-cell issue of Scientific 
American would be a stimulus for all 
scientific disciplines. 

"Free will" is an illusion; a choice 
made of our own free will is a choice 

Scientific American, December, 1961; Vol. 205, 
No. 6. Published monthly by Scientific American, 
Inc., 415 Madison Avenue. New York 17, N.Y.; 
Gerard Piel, president; Dennis Flanagan, vice­
president; Donald H. Miller, Jr., vice-president 
and treasurer. 

Editorial correspondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 Madison 
Avenue, New York 17, N.Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advcrtising correspondence should be addressed 
to Martin M. Davidson, Advertising Manager, 
SCIENTIFIC AMERICAN, 415 Madison Avenue, New 
York 17, N.Y. 

Subscription correspondence should be ad· 
dressed to Jerome L. Feldman, Circulation Man. 
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue, 
New York 17, N.Y. 

Subscription rates: one year, 36; two years, $11; 
three years, SIS. These rates apply throughout 
the world. Subscribers in the United Kingdom may 
remit to Midland Bank Limited, 69 Pall Mall, Lon­
don SW I, England, for the account of Scien. 
tific American, Inc.: one year, two pounds four 
shillings; two years, three pounds 19 shillings; 
three years, five pounds eight shillings. 

Change of address: please notify us four weekI!! 
in advance of change. If available. kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

made by elementary particles respond­
ing to physical laws, oblivious whether 
or not man commits atomic suicide. Hu­
man creativity is also an illusion in so far 
as it violates causality. Consciousness, 
on the other hand, has a real physical 
basis, probably in the form of electric 
currents that represent sensory and 
thought patterns. 

Perhaps our imaginary computer could 
predict that scientists, circa 1962, will 
at long last recognize that living organ­
isms obey causality. There is a slim 
chance that this could stop man's race 
toward self-destruction. 

SID DEUTSCH 

Polytechnic Institute of Brooklyn 
Brooklyn, N.Y. 

The Rockefeller Institute 
New York, N.Y. 

Sirs: 
The article by John R. Pierce on com­

munication satellites [SCIENTIFIC AMER­
ICAN, October 1 was extremely inter­
esting and timely. In his discussion 
Dr. Pierce might have mentioned that 
the first communication satellite was 
the earth's natural passive satellite-the 
moon. 

The U.S. Army Signal Research and 
Development Laboratory first bounced 
radar signals off the moon as early as 
1946 as part of Project Diana. The U.S. 
Naval Research Laboratory in 1951 
demonstrated the feaSibility of using 
moon reflection for communications and 
actually transmitted the first voice mes­
sage over the earth-moon-earth path in 
July, 1954. The world's first (and still 
the only) operational space telecommu­
nication system is operated by the Navy 
to cany traffic in one bounce between 
the Hawaiian Islands and Washington, 
D.C. This link has been fully operational 
since January, 1960, and now carries 16 
channels of 60-word-per-minute UHF 
teletype for periods of from about four 
to seven hours each day, depending on 
the moon's declination. 

Because of the exceptional reliability 
of its character and orbit and its absence 
of launching costs, the moon has served 
as a very economical communication 
satellite. Unfortunately there is only one 
in orbit. 

B. I. EDELSON 

Lieutenant Commander 
Department of the Navy 
Washington, D.C. 
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Basic Research at Honeywell 
Research Center 

Hopkins, Minnesota 

Coherent Electromagnetic Sources: LASER and 
IRASER (Light and Infrared Amplification by 
Stimulated Emission of Radiation) . 
The development of the maser in 1954 opened the micro­
wave region of the spectrum to many new uses. Now these 
same principles have been extended to the visible and 
infrared portions of the spectrum suggesting a wide variety 
of important applications. 

Successful practical operation of a laser 
(light amplification by stimulated emission 
of radiation) would make possible the use of 
light in ways never before thought possible. 
For instance, one important application 
would open the optical range of the spec· 
trum for communications use. Laboratory 
lasers have been operated but many prob. 
lems remain to be solved before practical 
operation is possible. 

Conventional light sources are funda· 
mentally noise generators and the emerging 
light is a jumble of separate waves that 
reinforce or cancel each other in random 
fashion. In order to be useful for communi· 
cation purposes (as radio waves are used) 
light waves would have to be generated so 
that they have: 

1. Directionality-produce a beam of 
light with a small divergence. 

2. Coherence-be coherent in time and 
space so that the waves at various 
points in space act in unison. 

3. Monochromaticity-have a narrow 
line width or a very narrow frequency 
range. 

The maser achieves the three require· 
ments stated above. The principle is based 
on the fact that electrons have discrete 
orbits corresponding to fixed energy levels. 

The first practical demonstration of this 
principle in the optical range of the spec· 
trum was accomplished in 1960 using a ruby 
crystal. A flash of light is used to invert the 
normal electron population distribution 
within the ruby. The electrons in the chro· 
mium atoms of the ruby are raised by this 
flash of light to an excited state with two 
steps required to carry them back to ground. 
In the first step they give up some of their 
energy to the crystal lattice and fall to a 
metastable level from which they can fall 
to ground level emitting fluorescent light 
at 6943 AO. When a population inversion 

exists between the metastable level and the 
ground state the first few photons released 
will stimulate the still excited electrons to 
give up photons which stimulate still fur· 
ther emission in a cascading effect resulting 
in an intense burst of red light at 6943 AO. 
This light has the three properties suggested 
earlier: directionality-a spreading angle 
of a fraction of one degree; coherence­
demonstrated in interference experiments; 
and monochromaticity-line width O.lAo. 

Other lasers have been operated includ. 
ing helium·neon gas giving off photons at 
1.153 microns in the infrared, samarium 
doped calcium fluoride emitting at 7082A ° 

and uranium doped calcium fluoride emit· 
ting at 2.1 to 2.5 microns. 

Although sources are available for cer· 
tain frequencies, problems remain. It is 
desirable to be able to develop sources that 
can be tuned or varied in frequency. More 
coverage of the infrared and visible spec· 
trums is highly desirable. A modulating 
mechanism must be found to impress useful 
information .onto the beam of light. Mate· 
rial must be found that will work at lower 
powers and at higher temperatures. 

It is interesting to note the extent to 
which communication channels would be 
expanded beyond the present crowded 
electromagnetic spectrum if the visible 
spectrum were used. One angstrom unit in 
the visible spectrum is about 100,000 mega· 
cycles wide. Thus a coherent beam of light 
of frequency spread of lAO could carry the 
same information as 25,000 television 
channels. 

Honeywell scientists are presently oper· 
ating lasers to study the fundamental phe. 
nomena that occur. For example the emis· 
sion from the ruby laser occurs as a series 
of sharp spikes (see illustration at right.) 
The top trace (A) shows the natural fluo­
rescent emission of the ruby when the ex-

citing light is not sufficiently intense to 
cause the population inversion. The middle 
trace (8) shows the onset of stimulated 
emission at a slightly higher pumping 

level. The bot­
tom trace (C) 
s h o w s  an e x ­
panded portion 
of the stimulat­
ed emission and 
i n d i c a t e s  t h e  
spiked nature of 
the output. 

Ho n e ywe l l  
scientists have 
d e v e l o p e d  a 
m a t h e m a t i c a l  
model that seems 
to explain why 
pulses occur, the 

way they are spaced and the way they will 
vary. They are presently working with solid 
state materials that seem to have the poten­
tial of operating at normal temperatures 
and with low power requirements. Another 
device under development at Honeywell's 
Research Center will utilize cesium vapor 
and will operate in the infrared portion of 
the spectrum. Work is underway on meth­
ods of modulating the light beam using 
techniques similar to those used in radio. 

The possibilities of opening the infrared 
and visible spectrums to communications, 
the practicality of optical radar, new possi­
bilities in extremely high resolution pho­
tography, new developments in pheto 
chemistry all add further emphasis to con­
tinuing work on lasers at Honeywell and 
other laboratories. If you would like to 
know more about Honeywell's work in this 
field and are engaged in scientific work 
involving lasers, you are invited to corres­
pond with Mr. lohn Ready, Honeywell 
Research Center, Hopkins 8, Minnesota. 

Honeywell 
[j] 'ft\6t � � 
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Tough, durable Mylar® 
cuts costs ... iJDproves 
product perforDlance 

1. Huge (100 ft. diam.) in­
flatable satellite of metalized 
"Mylar" stays strong and flex­
ible in sub-zero outer space. 

16 

2. Permanent collar stays of 3. Capacitors with insulation 
"Mylar" last the life of the of "Mylar" give long-lasting 
shirt ... keep their shape even reliability ... need for costly 
after hundreds of launderings. encapsulation is eliminated. 

For example, "Mylar"* polyester 
film gives many products extra 
resistance to heat, cold and aging 
. . .  lengthens their life. Today, 
"Mylar", with its resistance to 
chemicals and moisture, is improv­
ing the performance of products 
as different as surgical bandages 
and intercontinental ballistic 
missiles. 

Can this unique plastic film and 
products made with it help you? 
For more information on "Mylar", 
write theDu PontCo., Film Dept., 
Room 8-8, Wilmington 98, Del. 

([(]U 
P 
0 tIDN .,. �.' Myl .... I, Du Pont'H",g. 

I . Istered trademark for Ita 
brand of polyester film. 

_f&.Il.S.''''T.On. 

Better Things for Better living • . .  through Chemidry 

DU PONT 

AfYLAR® 
POLYESTER FILM 
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A SINGLE DROP OF BLOOD CAN SAVE YOUR LIFE 

Precious little blood can sometimes be spared for clinical 

testing. A baby, a burn victim, an older person. With 

Beckman instruments, you can perform vital analyses with 

the smallest samples. Even a drop. 

With Beckman instruments you can unveil the subtle allure 

of a Paris perfume. You can track down the killer in rattle­

snake venom. You can unscramble a puff of smoke. 

Other Beckman instruments measure the acidity or alka-

linity of the foods you eat. Or monitor smog and identify 

its contaminants. Or guide a space vehicle and record its 

sensations. Beckman instruments, systems, and components 

are at work throughout the world in laboratories, produc­

tion lines, and defense installations. 

Remarkable what you - and a Beckman instrument can do. 

If you have a problem iri analysis, measurement, or control, 

write to our Director of Marketing. 

Beckman® INSTRUMENTS, INC. 

Fullerton, California 
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Only AiResearch has 2 million components in 

aircraft environmental systems* 

...•.•••. � ....................................... . 
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Only AiResearch has 

life support systems for 

America's astronauts 

•••••••••••••••• 

Only AiResearch 

has environmental systems 

now for tomorrow's 

spacecraft 

......... � .....................•..•...•................................. 

AiResearch has production hardware experience or has reached advanced stages in 
development contracts for these principal areas of a space environmental system: space 
radiators, glycol loops, supercritical cryogenic  storage, atmospheric controls, fans, 
compressors and pumps. 

The company's proven ability to produce all the components and integrate them into a 
complete environmental system reduces the problems of interface and assures the highe,st 
degree of optimization. 

A new laboratory is now being added to present facilities specifically designed to test 
environmental control systems for advanced space missions. 

* In world·wide service, with mean time between failure from 5000 to 40,000 hours on 
major high speed rotating machinery. 

AIRESEARCH MANUFACTURING DIVISIONS. Los Angeles 45, California' Phoenix, Arizona 

Systems and Components for: 

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 
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'NEW YORK, Dec. 1 -- IN THE lO-DAY 

PERIOD ENDED NOVEMBER 28, ASARCO FILLED 

ORDERS FOR 22 BASIC COMMODITIES. THEY 

RANGED FROM 25 GRAMS OF HIGH PURITY 

ARSENIC TO 5,000,000 POUNDS OF LEAD. 

ASARCO ALONE AMONG WORLD PRODUCERS 

HAS ABILITIES AND FACILITIES TO EX-

TRACT, REFINE AND DELIVER SO MANY 

BASIC MATERIALS. 

Aluminum 

Antimony 

Arsenic 

Asbestos 

Bismuth 

Cadmium 

Copper 

Fluorspar 

Germanium 
Concentrates 

Gold 

Indium 

Lead 

Magnesium 

Molybdenum 
Concentrates 

Nickel Sulfate 
' 

Platinum Metals 

Selenium 

Silver 

Sulfuric Acid and 
Sulfur Dioxide 

Tellurium 

Thallium 

Zinc 

Asarco's vast technical knowledge of 
these and many other basic elements is 
available to help you solve your 
materials research and application 
problems. If you are planning a new 
product or re-designing one, call 
Asarco for assistance in producing 
it better, more economically. Write 
on your company letterhead to: 
PR Dept., American Smelting and 
Refining Company, 120 Broadway, 
New York 5, N. Y � 

- �  
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Trisonic jets that would land you in Los Angeles 1% hours earlier than your take-off 

time in New York are feasible says a late Federal study. Douglas officials say 

they could be operational by the early 1970's. 

A 2100 mph civilian jet transport that would fly 
13 miles high, cross the continent in one hour and 
thirty minutes*, and use present jet runways is on 
the drawing boards at Douglas. 

Such an airplane is needed -says a recent 
Federal Aviation Agency study made with White 
House approval-to maintain U.S. leadership in 
commercial aviation. This is important because 
the export value of aircraft and parts in 1960 was 
$1.4 billion or 5.2% of total U.S. exports! 

The study also notes that substantial govern­
ment assistance would be needed to underwrite the 
$500 to $550 million estimated development costs. 

Douglas believes that the estimated market of 

20 

200 to 300 Mach 3 aircraft would more than repay 
these development costs. 

They are backing this belief with continuing 
studies based on 15 years experience with missiles, 
supersonic and hypersonic aircraft •. • to bring the 
trisonic civilian jet transport to reality at the 
earliest possible date. 

DOUGLAS 
MISSILE AND SPACE SYSTEMS' MILITARY AIRCRAFT' DC·8 

JETLINERS' RESEARCH AND DEVELOPMENT PROJECTS. 

GROUND SUPPORT EQUIPMENT' AIRCOMB® • ASW DEVICES 

Here's how the 
Douglas trisonic jet 
would beat the clock 
on westbound fiig hts 

LV, NEW YORK 5:00 PM 
11 
121 

9 1'-- ' 
. [ . ' 

7 • ' 

AR. LOS ANGELES 3:30 PM 
fLIGHT TIME-l HR. 30 MIN.-

,,),,
12
12 

9 , 

. . 

7 • ' 

LV. SAN FRANCISCO 8:00 AM 
n 
" 
, 

'

. � 
7 • ' 

A.R. HONOLULU 7:35 AM 
FLIGHT TIME-I HR. 35 MIN.-

n 

" 
, 

9

"

� 
7 • ' 

AR. BANGKOK 8:50 AM 
FLIGHT TIME-l HR. 50 MIN,-

LV. BEIRUT 12:30 PM 

A.R. LONDON 11:55 AM 
FLIGHT TIME -1 HR. 25 MIN.-

LV. PARIS MIDNIGHT 

7 • ' 
A.R. NEW YORK 1:10 PM 

FLIGHTTIME-2 HRS.lO MIN.* 

-lnclude8 ta"/re-cff 
and landing time. 
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Built from stock components made of tough Tenite Butyrate, 
a model like this short-cuts the designing of a chemical 
processing plant or oil refinery. In effect, it provides a three­
dimensional set of plans. 

The number of required drawings is reduced, and photo­
graphs of the 'model can be of real use in actual construc­
tion, for the Butyrate pieces are molded or extruded to scale 
with extreme accuracy. Since Butyrate plastic is strong and 
tough, the parts can be joined by push-fit, and complex 
models are quickly put together. T he plastic colors aid in 
coding the process flow. And the light weight and strength 
of Tenite Butyrate permit the model to be shipped abroad 
economically, where it overcomes many problems formerly 

Model component parts 

of Tenite Butyrate 

made and marketed by 

Engineering Model Associates, Inc. 
Los Angeles 32, California 

- ..... .... '>l 

caused by differences in language and drafting technique, 
and saves valuable time in personnel training. 

T he advantages of Butyrate-toughness, formability, colors 
(more than 42,000 formulated by the Tenite Color Labora­
tory), gloss, light weight. and economy-are the basis for 
scores of successful products. End-uses range from molded 
fishing lures to huge outdoor signs of thermoformed sheet. 

In fact, Tenite Butyrate is formulated with so many useful ',' 
combinations of properties that your own planning may ben­
efit from knowing more about this versatile plastic. Quali­
fied technical representatives will help. For information, 
write EASTMAN CHEMICAL PRODUCTS, INC.. subsidiary 
of Eastman Kodak Company, KINGSPORT, TENNESSEE. 

1f�ImIT1f�® 
BUTVRATE 
an Eastman plastic 
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ATOMIC EQUIPMENT DEPARTMENT. Pro· 
duces canned motor pumps, nuclear reo 
actor valves and control rod mechanisms. 
Westinghouse pioneered these products. 

RESEARCH LABORATORIES. Westinghouse 
research has led to many important devel­
opments in nuclear science. Research is 
conducted by nuclear experts using ad­
vanced research facilities. 

NUCLEAR CONTROL DEPARTMENT. West· 
inghouse control and instrumentation sys· 
tems insure complete electrical compati­
bility in all phases of the nuclear power 
producing process. 

COMPUTER CENTER. This I B M  7090 computer is 
the latest addition to one of world's largest com· 
puter centers for advanced scientific-commercial 
data processing. 

TESTING REACTOR. Most powerful privately· 
owned complete facility in United States. Nuclear 
fuels and other materials can be tested in reactor 
environment. 

ATOMIC POWER DEPARTMENT. Here the work of 
thousands of Westinghouse employees is co­
ordinated in the design and development of com· 
plete nuclear power plants. 

ATOMIC FUEL DEPARTMENT. Completely 
equipped, integrated fuel fabrication facility. 
Products include complete cores, fuel elements 
and control rods. 

METALS RESEARCH FACILITY. Westinghouse 
provides complete pilot plant development 
work on metals, materials and equipment. 
under actual production conditions. 

HEAT TRANSFER DEPARTMENT. Advanced 
designs and fabrication techniques employed 
in Westinghouse heat transfer equipment are 
major factor in e fficiency and performance of 
Westinghouse nuclear power units. 
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SENA, FRANCE. A 259·m egawalt plant in 
Chooze, France, near the Belgian border (Art· 

ist's concept). 

CAROLINAS·VIRGINIA. A 19,OOO·kw heavy 
water cooled and moderated pressure-tube 
prototype plant at Parr, S.C., for Carolinas· 
Virginia Nuclear Power Associates. 

SELNI, ITALY. IS6·megawatt advanced water 
reactor power plant for Societa Elettronu .. 
cleare Italiana (Artist's concept). 

SAXTON, PA. An experimental water reactor to be 
used with an existing turbine-generator of the 
Pennsylvania Electric Company. 

YANKEE. 150·m egawatt plant for the Yankee 
Atomic Electric Co. at Rowe. Mass. New England's 
first atomic power plant is now producing elec­
tricity for the region's integrated power system. 

SHIPPINGPORT,·PA. Plant of Duquesne Light Co., 
the nation's first nuclear powered central station. 
Reactor designed by Westinghouse in cooperation 
with Naval Reactors Branch of the AEC. 

BR·3, MOL, BELGIUM. 1l.500·kw plant for 
Centre d'Etude de L'Energie Nucleaire. 

SOUTH ERN· CALIFORNIA·EOISON.375· 
megawatt nuclear power plant pro posed 
for Southern California (Artist's concept). 

© 1961 SCIENTIFIC AMERICAN, INC



What's new in 

reproduction materials? 

Get it first from 

Dietzgen 

Experienced reproduction engineers 
know there is no cure-all for the prob­
lems of industrial printmaking. What 
may be the perfect solution to one prob­
lem is often far from correct for another 
seemingly similar situation. The correct 
approach to each printmaking problem 
requires two things. First, there must be 
a wide choice of processes and special­
ized reproduction materials. Second, the 
solution must be founded upon the wid­
est possible experience to avoid errors of 
judgment and prejudice in selecting the 
process and materials to be employed. 

Dietzgen can supply both of these re­
quirements to an extent not available 
elsewhere. Vendors with a single process 
or a limited line of reproduction mate­
rials cannot provide reliable, unbiased 
counsel. Dietzgen favors no one process, 
but offers a complete line of reproduc­
tion materials compatible with all of 
today's popular reproduction equipment. 
This is why a steadily growing number of 
companies regularly consult Dietzgen to 
assure no opportunities for savings are 
overlooked in the solution to their print-
making problems. 

' 

Isn't it sensible to put this wealth of 
experience to work for you? You can't 
make a mistake by getting the facts! 
Call your nearby Dietzgen office or deal­
er today, or write for the new Dietzgen 
Reproduction Material selection guide. 
This comprehensive booklet describes a 
host of new reproduction materials, and 
illustrates their many uses. Address your 
request on your company letterhead and 
ask for Bulletin MKTG4-M239. 
EUGENE DIETZGEN CO., Chicago 14, Illinois 

DIETZGEN 

eVERYTHING fOR DRAFTING 
SURVEYING & PRINTMA.KING 

PRINCIPAL OFFICES: 
CHICAGO 
NEW YORK 
NEW ORLEANS 
SAN FRANCISCO 
LOS ANGELES 
CALGARY 
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50 AND tOO 
YEARS AGO 

lSkIENTlFI£IXlMERI£4&] 
DECEMBER, 1911: "On December 

10 King Gustav of Sweden presented 
the Nobel prizes (with the exception of 
the peace prize) to the winners. Mme. 
Marie Sklodowska Curie personally re­
ceived the prize for chemistry, Prof. Wil­
helm Wien of Wuerzburg University the 
prize for physics and Prof. Allvar Gull­
strand of Upsala University the prize for 
medicine. The Belgian minister received 
the prize for literature in behalf of Mau­
rice Maeterlinck, who was ill. The Nobel 
prizes each amount to nearly $40,000." 

"So far the study of the horrible dis­
ease known as pellagra has produced 
nothing to point to the etiology of the 
disturbances it sets up. The Italian ex­
pert, Dr. Sam bon, believes that it is an 
infectious disease, and that it is trans­
mitted by the buffalo gnat (Simulium 
reptans); Dr. Lavinder, the specialist of 
the United States Public Health and 
Marine Hospital Service, thinks that the 
disease is a metabolic or food disease." 

"The extremely brilliant and dazzling 
head lights of motor cars are at times 
very objectionable and some municipal 
regulations forbid their use. Warren A. 
Greenlaw of Melrose, Mass., provides in 
a patent for dimming the lamp by sliding 
the burner away from the strong focal or 
reflecting point in front of the reflector. 
To do this he supports the burner so that 
it can slide longitudinally and utilizes 
fluid pressure to move the burner from 
its normal position. This enables the driv­
er of the car to dim his light whenever 
desired by sliding it out of its focal re­
lation to the reflector." 

"Dr. Percival Lowell, of the Lowell 
Observatory at Flagstaff, Ariz., has been 
finally successful in obtaining photo­
graphs of Mars that establish beyond a 
doubt the reality of the canals of Mars. 
Heretofore, the value of the photos ob­
tained by him in 1907 was questioned 
on account of their minuteness, being 
compared in size to the head of an ordi­
nary pin. While the canals are plainly 
visible on the photographic plate, they 

will not bear printing processes. On ex­
amining the enlarged image through a 
screen by a stereopticon, an immense 
amount of elaborate detail appeared, 
several of the canals being plainly in 
evidence. As these photographs were 
taken a month or so before Mars had 
reached its nearest to our planet, we may 
look forward with interest to those which 
will be obtained on the date of near­
est approach." 

"The work of uncovering the Maine is 
completed, and the report of the engi­
neers and the Board who made the in­
vestigation has been made to the Secre­
tary. In the opinion of the Board the 
examination of the bottom of the ship in 
the region of the explosion presents evi­
dence of a primary explosion external to 
the ship; and in all the main features, the 
recent investigations have fully COt·robo­
rated the report of the Naval Board of 
Inquiry, made at the time of the disaster." 

DECEMBER, 1861: "Photographers 
and astronomers are on the qui vive, 
making their preparations to observe the 
eclipse of the sun on the 31st December 
next, to which the recent discoveries of 
MM. Bunsen and Kirchhoff in celestial 
chemistry impart a new and additional 
interest. One pOint to which observation 
will be specially directed is the examina­
tion of the spectrum of the corona, with 
which the moon will be surrounded for a 
moment, in that portion nearest the sun, 
to see if this aureola exhibits an inversion 
of the ordinary solar spectrum, or not­
that is to say, whether Fraunhofer's rays 
will be replaced by brilliant lines. Since 
the publication of the labors of MM. 
Bunsen and Kirchhoff, the question of a 
solar atmosphere has acquired a basis 
and is susceptible of proof by direct ex­
periment. If, for example, the spectrum 
of the aureola, which will be produced 
on the 31st December next, exhibits to us 
an inversion of the solar spectrum, the 
much vexed question will be solved, and 
the existence of a solar atmosphere will 
become a definite scientific fact." 

"The English papers state that the cot­
ton speculation is going on in England 
at a tremendous rate; it is at present 
carried on by ladies, clergymen, lawyers 
and others not regularly engaged in busi­
ness, who have fallen into the mania as 
others did into the railway mania of 
1845. The profeSSional cotton specula-

Recan:lin, ItIstrum8ltt 
aICOr.diR' Medium? 

MostlJ1$t�nt Makers agree with 
the Gubelman-Nashua theory -that 
the recordlhg medium should be 
selected first •. . before the concept 
of a new recording instrument 
takes on physical form. 
The reason: the "physical form" of 
the various recording media· are 
already established facts and the 
new instrument form is not. Hence, 
designing an instrument around a 
specific medium -rather than vice 
versa -invariably results in a more 
efficient, more economical unit be­
cause the trials of re·design a�d 
costly alterations are avoided. 
In the field of recording charts, 
Gubelman is the organization most 
frequently consulted to provide 
basic recommen dation s to the 
instrument designer. 
Why is th is so? ·.Because only 
Gubelman is fully equipped to 
follow through by providing a com­
plete chart "package" , including: 

PAPERS . 
heat, pressure and electrically 
sensitive papers of al"l types. Sole 
suppliers of Nashua's. Heatrace®, 
Prest race. , Electrace® Charts. 
CHARTS 
for all methods of recording, in­
cluding Pen, Ball Point, Electrical, 
Thermal and Pressure, in roll or 
flat form. 

INKS 
for Diazo and general use. 

lior ttdtIihonlll in/_lion wr#e to 
George Hoxie, Appliclltions Director. 
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Voltmeters and ammeters, plus wattmeters, 
are quickly calibrated over frequencies 
from 50 to 2400 cps by one operator. 

The Model 1967 Semi-Automatic AC Instrument Calibra­
tion Standard provides, in a single convenient console, a precise 
and rapid means for standardizing and calibrating alternating cur­
rent wattmeters, expanded scale, digital, indicating and recording 
voltmeters and ammeters. 

Basic accuracy is maintained by an AC reference source 
consisting of a servo amplifier, thermal transfer circuit and a sen­
sitive light beam galvanometer all balanced against a ±.010/c lab­
oratory type standard cell. Resistive components are made of 
selected manganin properly heat-treated, aged for six months and 
adjusted to ±.01 % of absolute value. The thermoelement is un­
affected by waveform errors, has flat frequency response and is 
protected against overloads. 

AC VOLTAGE AC CURRENT 

RANGE MIN. LOAD RANGE RESISTANCE 
20,000 ohms 0·1511A 
20,000 ohms O·3{l,tA 
20,000 ohms 0-751,A 
2Q,OOOohms 0-150llA 
lO,OODohms 0·300,IA 
20,000 ohms 0-750 ,LA 
20,OODohms 0-1.5 MA 
20,000 ohms 0-3,0 MA 
2Q,OODohm$ 0-75 MA 

1.000 ohms 0-15 MA 

RANG[ MAXIMUM RANGE LOAD 
2VA 0-0.15 Amp 
'VA 0·0.3 Amp 
'VA 0-0.75 Amp 

IOVA 0-1.5 Amp 
15VA 1).3.0 Amp 
ISVA 0-7.5 Amp 
15VA 01' Am, 
15VA 030 Am, 
15VA 0·75 Am, 
lSVA (�i�;;; ' 

. � fOR � TECII,. 
__ DATA 

for additional infor�a. 
tion, including a�phca. 
. data wrt t e or 

t '::"e DE 4:.alOO. Oem­

:nst rations avail�bl. 
I!J lotal rep,�,ntatl� •• , i 

MAX. LOAD 
RESISTANCE 
IO,OODohms 
10,000 ohms 
10,000 ohms 
lQ,OODohms 
IO,OODohms 
IO,OODohms 

I,OOOohms 
I ,000 ohms 
) ,000 ollms 
1,OOOolims 

MAXIMUM 
LOAD 
10 VA 
JOVA 
10 VA 
IOVA 
10 VA 
JOVA 
IOVA 
IOVA 
IOVA 

We are specialists in the design and 
manufacture of instrument calibration con­
soles - offering more types than any other 
source in the world. Accuracy of all units 
is certificated and traceable to primary 
standards maintained by the National 
Bureau of Standards. 

Performance is rigidly guaranteed. 
Prices are f.o.b. 800nton, N.J. 

and subject to change without notice . 

tors have retired from action. They know 
that the bubble must burst." 

"The Earl of Rosse has communicated 
to the Royal Society some observations 
on the nebulae, with practical details on 
the construction of large telescopes. The 
principal result of the observations seems 
to be a large addition to the list of nebu­
lae with curved or spiral branches and 
many new and multiple nebulae. A 
variety of objects have also been pointed 
out, upon which, says the noble observer, 
the labor of a careful scrutiny with a 

similar insh·ument, even in this climate, 
will be amply repaid." 

"The Gmat Eastern is now lying safely 
moored at Milford Haven, where she has 
satisfactorily ridden out the recent ter­
rific gales. She is discharging her coals 
into vessels alongside, to hasten the com­
pletion of which relays of men are at 
work day and night so that she may be 
placed on her gridiron at Nayland (pre­
pared for her purposely when she was 
last there) with all possible dispatch. 
Every necessary preparation is being 
made for speedily effecting her repairs, 
to expedite which even the resources of 
the Royal Dockyard are afforded." 

"The commercial shipping of the 
world amounts to about fifteen millions 
of tuns, of which England has about five 
millions, the United States about five 
and all the rest of the nations combined 
about five. The nation ranking next to 
England and the United States is France, 
the commercial marine of which counh-y 
amounts to about one million of tuns. A 
war between England and America 
would be a war upon the ocean and 
would result in the utter desh·uction of 
the shipping of both nations. England 
has just refused to accept our assent to 
the abolition of privateering, and all seas 
would soon be swarming with our clip­
per ships and steamers amply armed and 
crowded with men in search of the rich 
prizes to be found in English vessels. 
Like swarms of rovers, ships would issue 
from English harbors to prey upon our 
commerce, and the rich carrying trade of 
the world would fall mainly into the 
hands of the French and Dutch. When 
peace shall finally be restored, and the 
little doubtful point of intemational law 
settled, England and the United States 
will be degraded from their proud pre­
eminence, and France will be the lead­
ing commercial nation of the world. It is 
to be hoped that the common sense of 
the two communities will save us from 
the immeasurable evils of a war between 
US," 
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A basic formula from Information Theory . • .  provides a measure of the amount of information in a particular type of message, such as TV . • .  helps determine the frequency 

bandwidth, for example, required to transmit the messages. Information Theory. pioneered at Bell Laboratories. guides the search for beUer communications systems. 

DISCOVERY AT BELL TELEPHONE LABORATORIES 
New knowledge comes in many forms. Sometimes it comes in 

a mathematical formula. Usually it comes after much thought 

and experiment and the fruitful interaction of different minds 

and abilities. Most often, too, a particular discovery is small. 

But many small discoveries have a way of leading to big ad­

vances at Bell Laboratories-advances like the transistor ... 

or, more recently, the gaseous optical maser, forerunner of 

communications at optical frequencies. Opportunities for dis­

covery are enhanced by the abilities of the scientists 

and engineers and the range of the facilities at Bell 

Laboratories, world center 0/ communications re­

search and development. 
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Even Neptune's mythological powers do not begin to 
approximate the reality of today's undersea weapons. 
For example, the latest Vitro-designed torpedo-wire­
guided and jam-proof - tracks and destroys enemy 
submarines with inescapable precision. The torpedo, its 
electronic control systems, connecting wire coil and pay­
out devices are all products of Vitro Laboratories R&D. 

Wire-guidance techniques are one of many Vitro con­
tributions to defense and oceanography. Today, Vitro 
scientists are hard at work on totally new and advanced 
concepts in underwater missiles, self-propelled deep-sea 
vehicles, and long-distance underseas communications. 
Have you a professional interest in these techniques? 
Consult Vitro ... vital in UNDERWATER TECHNOLOGY. 

VilrD 
VITRO CORPORATION OF AMERICA / NEW YORK. WASHINGTON. LOS ANGELES / OVERSEAS: MILAN. ROME. BOMBAY 
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Engineers' time is important-that's why hundreds of the nation's leading firms have already converted their 

print reproduction systems to xerography, a remarkable (and versatile) copying process that's more than a 

money-saver. It has taken the nagging "wait" out of engineering print reproduction and distribution ... permitting 

sharp, inexpensive prints in varying sizes to get to every department in minutes, on ordinary, dry, ready-to-use 

paper. There's no capital investment, either. Xerographic copying equipment is immediately available at modest 

monthly rentals. Find out what xerography can do for you! Your Xerox sales representative is only a phone call away. 

MODEL 1218 copying COPYFLO® Continuous COPYFLO® 24C' for 1824 PRINTER for small vol-
equipment for sharp. Printers' for automatic fully automatic high ume or decentralized users 
inexpensive paper mas- high volume reproduc- speed reproduction from of engineering prints. Re-
ters from original draw- tion from originals or roll or card-mounted produces from card-mounted 
ings of A to D size. roll microfilm. microfilm. microfilm. 

·Prints automatically onto ordinary paper, vellum or offset paper masters at rate of 20' per minute! 

GET MORE INFORMATION TODAY! 
Write XEROX CORPORATION (formerly 
Haloid Xerox Inc.). 61-361X Lyell 

Avenue. Rochester 3. New York. 
Branch offices in principal U. S. 
and Canadian cities. Overseas: 
Rank-Xerox Ltd .• London. 

XEROX 
CORPORATION 
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In your case, or in ours 

The new 1508 VisicordeJ' should be youJ'nextoscillogl'aph 

The Model 1508 Honeywell Visicorder has been 
specifically designed to quickly and easily slide 
into your data reduction system. There it will 
serve as a direct information read-out device, re­
cording DC to 5000 cps on from one to 24 channels; 
or it may serve as a monitor on other components 
in your system; or it may do both jobs, simultan­
eously if you wish. 

You have no "data reduction system," <J.s such? 
Then consider the trim, convenient 15118 as a 
bench instrument. Its push-button controls, se­
lection of 12 chart speeds (metric, if desired), 8" 

paper width, and direct writing speeds exceeding 
50,000 in./sec. will help to make it one of your 
most useful tools. Its rigid, cast base assures con­
stant alignment of optical components regardless 
of external stress on the instrument. 

In your case ... the 1508 needs only 7" of 
rack height. In ours . . . it arrives ready to go to 
work as a convenient, portable instrument. In any 
case, be sure to see the new 1508 Visicorder before 
you order your next oscillograph. Write for Cata­
log HC-1508 to Minneapolis-Honeywell, Heiland 
Division, 5200 East Evans, Denver 22, Colorado. 

Honeywell 
rm �tL.t, � 
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In test flight, the X-15, America's first manned space probe ship, has reached speeds as high 
as 3920 mph and altitudes as high as 169,000 ft. Ship was built by North American Aviation, Inc. 

THE HOT RIDE HOME FROM SPACE 
The rocket propelled manned aircraft that will soon 
probe into space will glow like a tossed rivet when it 
plunges into the atmosphere on its way back to earth. 

Where did the designers find a metal to take such heat 
without crumpling or burning up? From Inco Research. 

Even before the space age asked for it, Inco Research had 
already developed a nickel alloy having the required 
hot-strength and resistance to oxidation at cherry red 
heat. More than 250 different compositions were devised, 
melted, age-hardened and tested for high temperature 
properties. 

At last, this systematic approach achieved a break­
through - the addition of a critically small amount of an 

alloying element coupled with an ingenious new concept 
of triple-stage age-hardening treatment opened the way. 
The result was an age-hardenable nickel-chromium alloy, 
now being used for the entire exterior surfaces of manned 
vehicles now under test for man's first flight into space. 

Perhaps Inco Research has already developed what could 
be a successful answer to your metal problem too. It's 
easy to find out. 

& THE INTERNATIONAL NICKEL COMPANY, INC . 

67 WALL STREET, NEW YORK 5, N. Y. 

INCO RESEARCH 
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AERIAL MISSILE LAUNCHER. Photo shows Boeing B-52 
missile bomber making in-Hight launch of Hound Dog missile, 
which flies at supersonic speed toward target far ahead. In addition 
to missiles, versatile B-52s can carry regular bomb-bay load of 

gravity bombs. New B-52H, with turbofan engines and sophisti­
cated electronics, is tailored for wide variety of Strategic Air Com­
mand mission requirements. Later, B-52H will carry hypersonic 
Skybolt ballistic missiles, a lOOO-mile weapon under development. 

Capability has many faces at Boeing 

.JET HYDROFOIL. D r a w i n g  s h o w s  j e t. 
powered twin-hnll test h),drofoil Boeing is de­
signing and building for U.S. Navy. Hydrofoil 
will "By" on under-water wings at 115 mph. 

TWIN-TURBINE helicopter, Boeing-Vertol 
107, seats 25 and will enter service soon with 
New York Airways. 107s have been ordered for 
service in Japan, Canada and Sweden. Military 
version is being built for U.S. Marine Corps. 

32 

SUPERSONIC .JETLINERS. Boeing con­
tinues to invest substantial sums in supersonic 
jet transport research. Drawing shows two Boe­
ing designs being studied. Supersonic jets would 
By two to three times speed of sound, make Bight 
from New York to London in under three hours. 
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8Ms DSD seeks an answer! 
Scientific studies are now under way in GM's Defense 

Systems Division to determine the most efficient configu­

rations for lunar-roving vehicles. Major factors under 

investigation include composition of the lunar surface 

together with the effects of large temperature ranges, 

lunar gravity ... no atmosphere or humidity. Research 

in our Soils Laboratory on probable lunar conditions has 

led to a number of promising designs. Unusual studies 

like these, unusual facilities and unusually capable men 

present a great challenge and opportunity to scientists 

and engineers who are qualified to make a solid contribu­

tion at any level. DSD is now, as always, searching for 

new talent in these areas. 

Scientific areas now under study: • Aero·Space Operations • 

S ea Operations • Land Operations • Biological Syst ems 
• Technical Specialti es 

! �-
Moon-Roving Concept-This early model moon rover utilizes 
the principle of the Archimedes screw ... and is just one of a number 
of vehicle types under study for known lunar conditions. 

DEFENSE SYSTEMS DIVISION 

DEFENS£ SYSTEMS DIVISION or GENERAL MOTORS CORPORATION • WARREN. MICHIGAN AND SANTA BARIARA. CALIfORNIA 
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THE AUTHORS 
STANLEY MILGRAM ("Nationality 

and Conformity") is assistant professor 
of social psychology at Yale University. 
He first became interested in the subject 
of his article while studying French at 
the Sorbonne. "Along with most other 
foreigners," he writes, "I noticed that 
certain aspects of behavior were differ­
ent in kind and/or degree for French­
men and the people back home, and 
I wondered whether these differences 
could be reduced to quantifiable meas­
ures." After receiving his A.B. from 
Queens College in New York in 1954 and 
entering the Department of Social Rela­
tions at Harvard University, Milgram 
began to satisfy his curiosity in 1957. 
Two fellowships from the Social Science 
Research Council enabled him to under­
take experimental research in Norway 
and France. Of this work he says: "It 
was no holiday. In France it took three 
months before I could find a room in 
which to conduct the experiments, and I 
could retain the services of my soliciteur 
(the French assistant who set up ap­
pointments with experimental subjects) 
only by agreeing to surrender my per­
sonal tape recorder to him at the end 
of the experiment. Such is the price of 
cross-national research, but the rewards 
too are varied and rich." Milgram joined 
the faculty of Yale after obtaining his 
Ph.D. from Harvard last year. 

HENRY W. MENARD ("The East 
Pacific Rise") is associate professor of 
geology at the Scripps Institution of 
Oceanography. Having received a B.S. 
degree from the California Institute of 
Technology in 1942, Menard spent the 
rest of World War II on sea duty in the 
western Pacific. He returned to Cal 
Tech to take an M.S. in 1947 and then 
went to Harvard University, where he 
received a Ph.D. in geology in 1949. 
From 1949 to 1955 he was an oceanog­
rapher at the U.S. Navy Electronics 
Laboratory in San Diego, Calif. Menard, 
who had been lecturing at the University 
of California since 1951, jOined the 
Scripps Institution in 1955. The present 
article is his second for SCIENTIFIC 
AMERICAN. The first, "Fractures in the 
Pacific Floor," appeared in July, 1955. 

HOLGER HYDEN ("Satellite Cells 
in the Nervous System") has since 1949 
been head of the Institute of Histology 
at the University of Goteborg in Sweden 
and is currently acting president of the 
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university. Hyden studied medicine at 
the Royal Caroline Institute in Stock­
holm, which awarded him an M.D. de­
gree in 1943. For the next six years he 
was affiliated with the Nobel Institute 
for Cell Research, first as assistant pro­
fessor and then as research fellow. Hy­
den served as vice-president of the Uni­
versity of Goteborg from 1954 to 1957, 
at which time he became acting presi­
dent. At present he is doing research on 
the composition and metabolism of the 
components of the central nervous sys­
tem, and he is particularly interested in 
the functional relationships between 
nerve cells and the glial, or "satellite," 
cells associated with them. 

R. H. DICKE ("The Eotvos Experi­
ment") is professor of physics at Prince­
ton University. Dicke acquired his A.B. 
at Princeton in 1939 and a Ph.D. in 
physics at the University of Rochester 
in 1941. From 1941 to 1946, the year he 
went to Princeton, Dicke was a staff 
member of the Radiation Laboratory at 
the Massachusetts Institute of Technolo­
gy. In addition to the experimental work 
on gravitation discussed in his article, 
Dicke has done research on microwave 
thermal radiation from the sun and the 
moon, on optically induced polarization 
and on positronium (evanescent "atoms" 
consisting of one electron and one posi­
tron) . 

JOHN C. KENDREW ("The Three­
dimensional StlUcture of a Protein Mole­
cule") is deputy director of the Medical 
Research Council Unit for Molecular Bi­
ology in the Cavendish Laboratory at the 
University of Cambridge. Kendrew took 
his B.A., M.A. and Ph.D. degrees at 
Cambridge, receiving the last in 1949. A 
Fellow of the Royal Society and editor­
in-chief of the Journal of Molecular Biol­
ogy, Kendrew has been engaged in re­
search on the structure of proteins since 
1946. 

IRENAUS EIBL-EIBESFELDT 
("The Fighting Behavior of Animals") 
is research associate in ethology at the 
Max Planck Institute for the Physiology 
of Behavior in Germany. He was born in 
Vienna in 1928 and studied zoology at 
the University of Vienna, acquiring his 
doctorate there in 1949. Later that year 
he joined the Institute for Comparative 
Behavior, where he worked with the 
noted student of animal behavior Kon­
rad Z. Lorenz. When the institute was 
moved to West Gelmany in 1951 (be­
coming the Max Planck Institute in the 
process), Eibl-Eibesfeldt moved with it. 
Since then his study of symbiotic rela-

tionships among fishes has taken him all 
over the world. In 1953 he accompanied 
the Xarifa Expedition of the Internation­
al Institute for Submarine Research to 
the Caribbean and the Galapagos Is­
lands. His memorandum on the rapid 
destruction of flora and fauna in the 
Galapagos led to his being sent by 
UNESCO in 1957 to make a survey of 
the conditions there. The results of his 
recommendations were the creation of 
the Darwin Foundation in Brussels and 
the establishment of a biological sta­
tion in the Galapagos. The following 
year Eibl-Eibesfeldt accompanied an­
other Xarifa Expedition, this time to 
the Indian Ocean. During the first 
half of this year he was a visiting lec­
turer in ethology at the University of 
Chicago. He is also the author of the 
book Galapagos, which appeared earlier 
this year. 

STANLEY W. ANGRIST ("Galvano­
magnetic and Thermomagnetic Effects") 
is instructor in mechanical engineering at 
Ohio State University. A native of Texas, 
Angrist acquired a B.S. degree at Texas 
Agricultural and Mechanical College in 
1955. While working in technical intel­
ligence at the Wright-Patterson Air 
Force Base in Ohio, he began graduate 
work at the Ohio State University gradu­
ate center located at the base and re­
ceived an M.S. in 1958. Angrist did his 
doctoral dissertation on one of the 
thermomagnetic effects discussed in the 
present article and expects to obtain 
his Ph.D. this month. 

HANSTURGEN MULLER-BECK 
("Prehistoric Swiss Lake Dwellers") is 
research assistant at the Bern Histori­
cal Museum in Switzerland. Miiller­
Beck, whose special field of interest is 
Pleistocene archaeology, received his 
Ph.D. from the University of Tiibingen 
in 1955. He joined the Bern Historical 
Museum in 1956. The following year he 
carried out the excavation of the Neo­
lithic village at Burgaschi described in 
his article. He has also done archaeologi­
cal field work in Turkey, Bolivia and 
Uruguay. 

A. RUPERT HALL, who in this issue 
reviews The Mechanization of the vVorld 
Picture by E. J. Dijksterhuis, is professor 
of the history and logic of science at In­
diana University. Formerly a member of 
the faculty at the University of Cam­
bridge, Hall was an editor of the five­
volume History of Technology published 
by the Oxford University Press and is 
the author of several books, including 
The Scientific Revolution: 1500 to 1800. 
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ALL THE PERFORMANCE YOU WANT 

C=� Packard 

Microsecond speed ... solid state reliabilit y ... full 

complement of peripheral equipment ... soft ware-

features you expect only in large scale computers  

-available in  the pb250 at  the lowest rental in  the 

industry. lowest purchase price, too-$40,OOO. Write, 

wire, or phone for Bulletin SP lOOA. 

Bell Co mputer 
A SUBSIDIARY OF PACKARD BELL ELECTRONICS 

1905 ARMACOST AVENUE • LOS ANGELES 25 CALIFORNIA 
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I n less time than it takes light to cross this room, 

a new product, DE LC 0'8 N EW high speed MC 
silicon modules, could: (1) correct the course of a missile in flight; 

(2) make it possible for sonar pickups to track and compute the 

position of targets with microsecond accuracy; and (3) handle any 

number of other airborne guidance and control functions that previous 

modules-due to low speed or environmental or performance limitations 

-could not handle. Delco Radio's 10mc modules, with a maximum 

gate-switch speed of 40 nanoseconds, convert data 100 times faster 

-even under the most extreme environmental conditions. 

These 8 I LI CO N modules come epoxy encapsulated, and 

operate over a temperature range of -55°C to +100°C. And these 

same reliable DIG ITAL circuits are available packaged on 

plug-in circuit cards. These Delco MOD U LE8 are environmen­

tally proved to: SHOCK, 1,000G's in all planes. VIBRATION, 15G's at 10 to 

2,000 cps. HUMIDITY, 95% at max. temp. STORAGE AND STERILIZATION TEMP. 

-65°C to + 125°C. ACCELERATION, 20G's. Designed for systems 

using from one module to 100,000, and the module's rated 

performance considers the problems of interconnection. Data sheets 

are available. Just write or call our Military Sales Department. 

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

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS �LCO 
Division of GeneraJ Motors . Kokomo, Indiana 

. 

EPENOABI L1TV 

010 
[LIABIL ITY 
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The secret ingredient in this computer's spaghetti is petrochemicals! 

It's a specialty of the house-making petrochemicals 
that help create the new materials that step up the 
efficiency of the many products we rely on every day. 
Here's one of them-part of a data processing com­
puter. Protecting the intricate wiring network is 
color coded spaghetti-the tough polyvinyl chloride 
insulation that refuses to crack, melt or peel even 
under extreme temperature conditions. 
In electronics, you'll find petrochemicals help­
ing make TV sets slimmer, radios smaller, 

TV pictures clearer. Even the style and color of your 
modern telephone is fashioned in large measure by 
petrochemicals. If your product plans call for the 
use of basic petrochemicals, see how Gulf can pro­
vide you with an unbroken stream of supply and 
uniformity shipment after shipment. Write or call 
our Sales Office, 360 Lexington Ave., N. Y. 17, N. Y. 

QUALITY PETROCHEMICALS TO BEGIN WITH 
Benzene · Cyclohexane . Propylene · Ethylene · Toluene 

Isooctyl Alcohol' Sulfur' PropyleneTrimer&Tetramer 

PETROCHEMICALS DEPARTMENT, GULF OIL CORPORATION, PITTSBURGH, PENNSYLVANIA 
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Dew Line The Distant Early Warning Line: a chain of radar stations extending for 4,500 

miles along the 70th parallel from Cape Lisburne, Alaska, across Baffin Island and the great 

Greenland icecap to Iceland. Primary mission: alert North America in the event of bomber attack 

across the polar regions. Our role: maintain the DEW Line and keep it in constant operation! Since 

it became operational, this significant responsibility has been assigned (under contract from the U.S. 

Air Force) to an ITT company. Other jobs involving ITT system companies in the operation and 

management of vital supporting services include: instrumentation of the Eglin Gulf Test Range in 

Florida; instrumentation services for the Navy at the Pacific Missile Range; and Project 465L-a 

world-wide automatic system for instantaneous command and control of SAC. 

Divisions The ITT System is - Oy Suomen Standard Electric AB in Helsinki. The ITT 

System is- Compagnie Generale de Constructions Telephoniques in Paris. The ITT System is­

Standard Elektrik ve Telekomunikasyon Limited §irketi in Ankara. The ITT System is a homogeneous 

communications industry with other divisions and subsidiaries in 30 countries throughout the free 

world-and sales representatives in many more. All in all, ITT companies have facilities covering 

17,150,000 square feet in 141 different locations and employ about 132,000 persons. 

Dramatic The ITT System is unique in today's world of electronics and telecommunications. 

ITT companies are makers and suppliers of components and materials. They are builders and mer­

chandisers of consumer products. They are designers and installers of communications systems. 

They are researchers and fabricators for military and space agencies. They are manufacturers of 

cable and wire products. They are pioneers and inventors of air and marine navigation systems. The 

ITT System is pre-eminently equipped with the creative skills of engineers and scientists, with pro­

duction resources, and with managerial talents to meet-and successfully complete-the most 

complex and demanding of assignments. Our full name: International Telephone and Telegraph 

Corporation, 320 Park Avenue, New York 22, N.Y. 

ITT 
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Now's the time to get the bugs out 
Once a spacecraft has been launched to the Moon or 
planets, there's no turning back. No time for a change 
in plans. 

That's why reliability men are so essential at Cal 
Tech's jet Propulsion Laboratory. They look for failure 
right up to the countdown-on the drawing boards, on the 
prototypes, on the spacecraft itself. They find the bugs 
and get rid of them. 

jPL scientists and engineers like to have reliability 
men around. Not because their job is made easier (mostly, 
it's the other way around), but because they can't settle 

for anything less than success. 
They care. They care about what's out there in space. 

What the Moon is made of. If there's life on other planets. 
They care, too, about America's role as leader in space. 

Do you care? Would you care to know how your 
special talent might be used in jPL's world of other world 
exploration? Write us about yourself. We'd care to know. 

JET PROPULSION LABORATORY . 
4802 OAK GROVE DRIVE, PASADENA, CALIFORNIA V 
Operated byCal ifornia I nstitute ofT ech no logy for the N atien a I Aerona ut ics & S pace Ad mi nistration 

All qualified applicants will receive consideration fOT employment without Tegard to raCt, creed or national origin I U. S. citizenship or current securit, clearance required. 
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THE NEW AGE OF COMMUNICATION 

THROUGH COMPUTERS AND SATELLITES 

YOU MAY SOON WORK AT A 

CONTINENT-SPANNING DESK 

The executive of the not-so-distant future may see his associates 
by video more often than face-to-face. He-and they-will not 
even need a central office from which to administer the com­
pany's business. Yet, in the new Age of Communications, execu­
tives a continent apart will be in close touch with corporate 
affairs and with each other. 

That is the sober prediction of many leading scientists. The 
method: worldwide communication by microwave radio and TV 
through communications satellites orbiting in near-space. 

Who will do the paper work? Where will be the filing cabinets 
in which it's kept? Distant electronic data handling and proces-

• 

sing machines will make and store an the records any business 
wants to keep. At the press of a button, high-speed printers will 
reproduce desired information, a TV screen on the executive's 
desk will display it. 
RADIATION Incorporated specializes in turning the visions of 
the new Age of Communications into realities. We engineer 
and build electronic data systems ... radar and other micro-
wave transmitters and antennas ... instrumentation for many 
kinds of sophisticated electronic systems. A recent Capabilities 
Report is yours for the asking. Write Radiation Incorporated, 

Dept. 5-12, Melbourne, Florida for your copy of this brochure. 

All qualified applicants will receive consideration for employment 
without regard to race, creed, color, or national origin. 

RADIATION 
INCORPORATED 

Main offices and plants are located at Melbourne and Orlando, Florida, Palo Alto, California, and Philadelphia, Pennsylvania. 
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MEETING THE NEED 

FOR NON-MAGNETIC AND NON-CORROSIVE BEARINGS 

Working with many materials - Monel, Beryllium 

Copper, 440-C Stainless Steel and Cobalt Alloys -
Torrington is continually developing higher capacities 
and longer life in anti-friction bearings for unusually 
demanding applications. Many of these applicatiens 
call fer nen-magnetic or nen-cerresive properties­
and often beth in the same bearing. 

Fer example, in submarine rudder pests and in­
struments, goed bearing performance eften depends 

as much en corrosien and magnetic resistance as en 

the load-carrying capacity. In sensitive electrenic 

equipment, valves and ether mechanical applicatio.ns, 

special metals may be necessary to. eliminate unde­
sirable magnetic effects. 

Designing and manufacturing bearings to. meet 
unusual requirements is a Terringten specialty. De­

velepments in non-magnetic and corresien-resistant 
bearings are a part ef Torrington's continuing effort 

to. impreve bearings in design, metallurgy and per­
formance. 

THE TORRINGTON COMPANY 
South Bend 21, Indiana . Torrington, Connecticut 

PROGRESS THROUGH PRECISION-IN BEARING DESIGN AND PERFORMANCE 

© 1961 SCIENTIFIC AMERICAN, INC



-

ENERGY CONVERSION 
controlled by leadership 

This is a portrait of experienced hands. Thirty years study in the art of 

controlling electron behavior in electron devices under all conditions 

gives RCA outstanding experience. In the new areas of 

energy conversion -Thermoelectrics, Solar Cells, and Thermionics 

-it is natural to consult this
' 
reigning leadership. On the 

one hand, it can implement your own research and development. 

Write: RCA Electron Tube Division, 
Space Components, Lancaster, Pa. 

On the other, it can advance the state of the art. 

• The Most Trusted Name in Electronics 
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Aristotle . . .  on the pursuit of knowledge 

"From the beginning until now men have begun to 
philosophize because of wondering. At first. they 
wondered about the extraordinary things near at hand. 
then they moved on from little things to raise questions 
regarding greater happenings such as the phases of the 
moon and of the sun and the stars and concerning the 
origin of the universe. The man who is puzzled and is 
wondering is aware of his ignorance {wherefore the 
myth-lover is a philosopher after a fashion. for the myth 
is compounded of marvels}. Since men philosophize to 

escape ignorance it is clear that they seek scientific 
knowledge in order to know and not for the sake of any 
practical end. The How of events gives evidence of this 
fact. For when men had secured the necessities of life and 
the things which contributed to leisure and amusement 
they began to seek this kind of knowledge. Clearly. then. 
it is not for some end other than itself that we seek such 
knowledge. As we call a man free when he exists for his 
own sake and not for another so this is the only one of the 
sciences that is free. for it alone exists for its own sake." 

_Mefaphysica. 982 b. 

THE RAND CORPORATION. SAN TA MONICA, CALIFORNIA 
A nonprotit organization engaged in a program of research in the physical sciences. economics. mathematics. and the social sciences. 

These diverse skills are joined in the analysis and solution of complex problems related to national security and the public interest. 
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Nationality and Conformity 

Do the people of one culture conform to majority opinions 1nore than 

do the people of another? An account of a study in which Norwegians 

and Frenchlnen were separately subjected to synthetic group pressure 

P
eople who travel abroad seem to 
enjoy sending back reports on what 
people are like in various countries 

they visit. A variety of national stereo­
types is part and parcel of popular 
knowledge. Italians are said to be "vola­
tile," Germans "hard-working," the 
Dutch "clean," the Swiss "neat," the 
English "reserved," and so on. The habit 
of making generalizations about nation­
al groups is not a modern invention. 
Byzantine war manuals contain careful 
notes on the deportment of foreign popu­
lations, and Americans still recognize 
themselves in the brilliant national por­
trait drawn by Alexis de Tocqueville 
more than 100 years ago. 

And yet the skeptical student must 
always come back to the question: "How 
do I know that what is said about a 
foreign group is true?" Prejudice and 
personal bias may color such accounts, 
and in the absence of objective evi­
dence it is not easy to distinguish be­
tween fact and fiction. Thus the problem 
faced by the modern investigator who 
wishes to go beyond literary descrip­
tion is how to make an objective analysis 
of behavioral differences among national 
groups. By this he means simply an 
analysis that is not based on subjective 
judgments and that can be verified by 
any competent investigator who follows 
the same methods. 

It is easy to show objectively that peo­
ple in different countries often speak 
different languages, eat different foods 
and observe different social customs. But 

by Stanley Milgram 

can one go further and show national 
differences in "character" or "person­
ality"? When we turn to the more subtle 
dimensions of behavior, there is very 
little evidence to make a case for nation­
al differences. It is not that such dif­
ferences are to be denied out of hand; 
it is just that we lack sufficient reli­
able information to make a clear judg­
ment. 

Before reporting the results of my own 
study let me refer briefly to some earlier 
efforts to achieve objectivity in study­
ing this elusive problem. One approach 
has been to examine the literature and 
other cultural products of a nation in the 
hope of identifying underlying psycho­
logical characteristics. For example, 
Donald V. McGranahan of Harvard Uni­
versity studied successful stage plays 
performed in Germany and the U. S. and 
concluded that German stage characters 
were more devoted to principles and 
ideological notions, whereas the Ameri­
cans were more concerned with the at­
tainment of purely personal satisfac­
tions. The obvious limitation of such a 
study is that the behavior and attitudes 
under examination are the synthetic ones 
of the stage and may bear little or no 
resemblance to those of real life. 

Another indirect approach has relied 
on the tools of clinical psychology. This 
method was pioneered by anthropolo­
gists in the study of small, primitive 
societies and has only recently been 
applied to modern urban nations. These 
studies rely heavily on such tests as the 

Rorschach ink-blot test and the thematic 
apperception test (T.A.T. ). In the latter 
the subject is shown a drawing of a 
situation that can be variously interpret­
ed and is asked to make up a story about 
it. The major difficulty here is that the 
tests themselves have not been adequate­
ly validated and are basically impres­
sionistic. 

Finally, sample surveys of the type 
developed by Elmo Roper and George 
Gallup in this country have been ap­
plied to the problem. Geoffrey Gorer, 
an English social scientist, based his 
study Exploring English Character on a 
questionnaire distributed to 11,000 of 
his compatriots. The questions dealt with 
varied aspects of English life, such as 
courtship patterns, experiences in school 
and practices in the home. Unfortunately 
there are many reasons why an indi­
vidual's answer may not correspond to 
the facts. He may deliberately distort 
his answers to produce a good impres­
sion, or he may have genuine miscon­
ceptions of his own behavior, attribu­
table either to faulty memory or to the 
blindness people often exhibit toward 
their own actions and motivations. 

These methods should not be dis­
missed as unimportant in the study of 
national characteristics: Yet in principle 
if one wants to know whether the people 
of one nation behave differently from 
those of another, it would seem only 
reasonable to examine the relevant be­
havior directly, and to do so under con­
ditions of controlled observations in 01'-
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CONFORMITY EXPERIMENT required that the subject discrimi· 

nate between the lengths of two tones heard through headphones, 

and measured the extent to which he went along with wrong an· 

swers given-it seemed to him-by five other subjects listening to 

the same tones. Actually no other subjects were present; the illusion 
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was created by tape recordings. The top drawing by Bernarda Bry-' 

son shows what the subject saw as he entered the experimental 

room. The middle drawing shows what the subject, seated in the far 

left·hand booth, imagined the situation to be while he was taking 

the test. The drawing at the bottom shows the actual situation. 
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der to reduce the effects of personal bias 
and to make measurement more precise. 

An important step in this direction 
was reported in 1954 by an international 
team of psychologists who worked to­
gether as the Organization for Com­
parative Social Research. This team 
studied reactions to threat and rejection 
among school children in seven Euro­
pean nations, using hypotheses ad­
vanced by Stanley Schachter of Colum­
bia University. The inquiry was not 
specifically designed to study national 
characteristics but chiefly to see if cer­
tain concepts regarding threat and re­
jection would hold up when tested in 
differen t cou n tries. In the course of the 
study certain differences between coun­
tries did turn up, but the investigators 
felt they were not necessarily genuine. 
Conceivably they were due to defects in 
the experiment or to inadequacies in the 
theory behind it. Although its focus was 
on theory validation, this study is a land­
mark in cross-national research. Unfor­
tunately the Organization for Compara­
tive Social Research halted its research 
program when the study was completed. 

My own investigation was begun in 
1957. My objective was to see if 

experimental techniques could be ap­
plied to the study of national character­
istics, and in particular to see if one 
could measure conformity in two Euro­
pean countries: Norway and France. 
Conformity was chosen for several rea­
sons. First, a national culture can be 
said to exist only if men adhere, or con­
form, to common standards of behavior; 
this is the psychological mechanism un­
derlying all cultural behavior. Second, 
conformity has become a burning issue 
in much of current social criticism; critics 
have argued that people have become 
too sensitive to the opinions of others, 
and that this represents an unhealthy de­
velopment in modern society. Finally, 
good experimental methods have been 
developed for measuring conformity. 

The chief tool of investigation was a 
modified form of the group-pressure ex­
periment used by Solomon E. Asch and 
other social psychologists [see "Opinions 
and Social Pressure," by Solomon E. 
Asch, SCIENTIFIC AMERICAN, November, 
1955]. In Asch's original experiment a 
group of half a dozen subjects was shown 
a line of a certain length and asked to 
say which of three other lines matched 
it. All but one of the subjects had been 
secretly instructed beforehand to select 
one of the "wrong " lines on each trial 
or in a certain percentage of the trials. 
The naIve subject was so placed that 

he heard the answers of most of the 
group before he had to announce,his own 
decision. Asch found that under this 
form of social pressure a large fraction 
of subjects went along with the group 
rather than accept the unmistakable evi­
dence of their own eyes. 

Our experiment is conducted with 
acoustic tones rather than with lines 
drawn on cards. Five of the subjects are 
confederates of the experimenter and 
conspire to put social pressure on the 
sixth subject. The subjects listen to two 
tones and are asked to say which is the 
longer. The five confederates answer first 
and their decisions are heard by the 
subject, who answers last. The confeder­
ates have been instructed to announce 
wrong answers on 16 of the 30 trials 
that constitute one experiment. 

We elected to use tones rather than 
lines because they are better suited to an 
experimental method using "synthetic 
groups." Two psychologists working at 
Yale University, Robert Blake and Jack 
W. Brehm, had discovered that group­
pressure experiments can be conducted 
without requiring the actual presence of 
confederates. It is sufficient if the sub­
ject thinks they are present and hears 
their voices through headphones. With 
tape recordings it is easy to create syn­
thetic groups. Tapes do not have to be 
paid by the hour and they are always 
available. 

When the test subject entered our lab­
oratory, he saw several coats on hang­
ers and immediately got the impression 
that others were present. He was tak­
en to one of six closed booths, where he 
was provided with headphones and a 
microphone. As he listened to the in­
structions through the headphones he 
overheard the voices of the other "sub­
jects " and assumed that all the booths 
were occupied. During the actual experi­
ment he would hear five taped answers 
before he was asked to give his own. 

Except when we made a technical slip 
the subject never caught on to the trick. 
Most subjects became deeply involved 
in the situation, and strong tensions were 
generated when they realized they must 
stand alone against five unanimous op­
ponents. This situation created a gen­
uine and deeply felt conflict that had 
to be resolved either through independ­
ence or conformity. 

Once we had refined our techniques 
at Harvard University we were ready to 
experiment abroad with Norwegian and 
French subjects. In which of the two 
national environments would people go 
along with the group more and in which 
would there be greater independence? 

Most of the subjects used in the Nor­
wegIan study were students attending 
the University of Oslo. Because this is 
the only full-fledged university in Nor­
way, a good geographic representation 
was obtained. Our test sample included 
students from beyond the Arctic Circle, 
from the fiord country of western Nor­
way and from Trondheim, the former 
Viking capital. 

When the study moved to Paris, 
French students were selected who 
matched the Norwegians in age, level 
of education, fields of study, sex, marital 
status and-so far as possible-social 
class. Once again a good geographic dis­
tribution was obtained, because students 
from all parts of France came to study 
in Paris. A few of the French subjects 
came from French North African cities. 
Those used in the experiment were cul­
turally as French as people living on 
the mainland; they were of French par­
entage and had been educated in French 
lycees. 

In Norway the entire experiment was 
conducted by a native Norwegian and 
all the recorded voices were those of 
natives. In France the experiments were 
conducted by native Frenchmen. Much 
effort was made to match the tone and 
quality of the Norwegian and French 
groups. We made many recordings until 
people who were sensitive to the nuances 
of both languages were satisfied that 
equivalent group atmospheres had been 
achieved. 

Twenty Norwegian subjects and the 
same number of French subjects were 
studied in the first set of experiments. 
The Norwegian subjects conformed to 
the group on 62 per cent of the critical 
trials (that is, trials in which the group 
deliberately voted wrong); the French 
subjects conformed to the group on 50 
per cent of the critical trials. 

After each subject had taken part in 
the experiment he was told its true char­
acter and was asked to give his reac­
tions. Almost all participants in both 
countries had accepted the experiment 
at face value and admitted feeling the 
strong pressure of the group. A Norwe­
gian student from a farm in Nordland, 
above the Arctic Circle, said: "I think 
the experiment had a very ingenious ar­
rangement. I had no idea about the setup 
until it was explained to me. Of course, 
it was a little embarrassing to be exposed 
in such a way." A self-critical student 
from Oslo remarked: "It was a real trick 
and I was stupid to have fallen into the 
trap .... It must be fun to study psychol­
ogy." Similar reactions were obtained 
in France, where students were im-
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pressed with the idea of psychological 
experimentation. (In neither country is 
psychological research as widespread or 
as intensive as it is in the U.S., so that 
subjects are relatively unsophisticated 
about psychological deceptions.) 

It would have been superficial, of 
course, to conduct just one experiment 
in Norway, another in France and then 
draw conclusions. In a second experi­
ment we undertook to change the sub­
ject's attitude toward the importance of 
the experiment itself to see if this might 
alter the original findings. In this new 
series of trials (and in all subsequent 

I 

•• 

ones) the subjects were told that the 
results of the experiments would be ap­
plied to the design of aircraft safety sig­
nals. In this way their performance was 
linked to a life-and-death issue. As one 
might have predicted, the subjects this 
time showed somewhat greater inde­
pendence of the group, but once again 
the level of conformity was higher in 
Norway (56 per cent) than it was in 
France (48 per cent). 

One possibility that had to be consid­
ered at the outset was that Norwegians 
and Frenchmen differ in their capacity 
for discriminating tonal lengths and that 
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NORWEGIAN SUBJECTS were from the University of Oslo, which has students from the en­

tire country. The dots on the map show the home town or county of the 100 students involved. 
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this led to the greater number of errors 
made by Norwegians in the group situa­
tion. We were able to show, however, by 
giving each subject a tone-discrimina­
tion test, that there was no difference in 
the level of discrimination of students in 
the two countries. 

In both of the first two conformity ex­
periments the subjects were required to 
do more than decide an issue in the face 
of unanimous opposition: they were 
also required to announce that decision 
openly for all to hear (or so the subject 
thought). Thus the act had the character 
of a public statement. We all recognize 
that the most obvious forms of conform­
ity are the public ones. For example, 
when prevailing standards of dress or 
conduct are breached, the reaction is 
usually immediate and critical. So we 
decided we had better see if the Norwe­
gians conformed more only under public 
conditions, when they had to declare 
their answers aloud. Accordingly, we un­
dertook an experiment in both countries 
in which thc subject was allowed to re­
cord his answers on paper rather than 
announce them to the group. The experi­
ments were performed with a new 
group of 20 Norwegian and 20 French 
students. 

When the requirement of a public 
response was eliminated, the amount of 
conformity dropped conSiderably in both 
countries. But for the third time the 
French subjects were more independent 
than the Norwegians. In Paris students 
went along with the group on 34 per 
cent of the critical trials. In Oslo the 
figure was close to 50 per cent. There­
fore elimination of the requirement of a 
public response reduced conformity 14 
percentage points in France but only 6 
percentage points in Norway. 

It is very puzzling that the Norwe­
gians so often voted with the group, 
even when given a secret ballot. One 
possible interpretation is that the aver­
age Norwegian, for whatever reason, be­
lieves that his private action will ulti­
mately become known to others. Inter­
views conducted among the Norwegians 
offer some indirect evidence for this con­
jecture. In spite of the assurances that 
the responses would be privately ana­
lyzed, one subject said he feared that be­
cause he had disagreed too often the ex­
perimenter would assemble the group 
and discuss the disagreements with 
them. 

Another Norwegian subject, who had 
agreed with the group 12 out of 16 
times, offered this explanation: "In the 
world now, you have to be not too much 
in opposition. In high school I was more 
independent than now. It's the modern 
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way of life that you have to agree a little 
more. If you go around opposing, you 
might be looked upon as bad. Maybe 
this had an influence." He was then 
asked, "Even though you were answer­
ing in private?" and he replied, "Yes. I 
tried to put myself in a public situation, 
even though I was sitting in the booth in 
private." 

A fourth experiment was designed to 
test the sensitivity of Norwegian and 
French subjects to a further aspect of 
group opinion. What would happen if 
subjects were exposed to overt and au­
dible criticism from the conspiratorial 
group? It seemed reasonable to expect 
a higher degree of conformity under 
these conditions. On the other hand, 
active criticism might conceivably lead 
to a greater show of independence. 
Moreover, the Norwegians might react 
one way and the French another. Some 
of my associates speculated that audible 
criticism would merely serve to annoy 
the French subjects and make them 
stubborn and more resistant to the in­
fluence of the group. 

To test these notions we recorded a 
number of appropriate reactions that we 
could switch on whenever the subject 
gave a response that contradicted the 
majority. The first sanction, in both Nor­
way and France, was merely a slight 
snicker by a member of the majority. 
The other sanctions were more severe. 
In Norway they were based on the sen­
tence "Skal du stikke deg ut?" which may 
be translated: "Are you trying to show 
off?" Roughly equivalent sentences were 
used with the French group. In Paris, 
when the subject opposed the group, he 
might hear through his headphones: 
"Voulez-vous vous faire remarquer?" 
("Trying to be conspicuous?") 

In both Norway and France this 
overt social criticism Significantly in­
creased conformity. In France subjects 
now went along with the majority on 59 
per cent of the critical trials. In Norway 
the percentage rose to 75 per cent. But 
the reactions of subjects in the two 
countries was even more striking. In 
Norway subjects accepted the criticism 
impassively. In France, however, more 
than half the subjects made some re­
taliatory response of their own when the 
group criticized them. Two French stu­
dents, one from the Vosges mountain 
district and the other from the Depart­
ment of Eure-et-Loire, became so en­
raged they directed a stream of abusive 
language at their taunters. 

Even after we explained in the inter­
view session that the entire experimental 
procedure had been recorded on tape, 
many of the subjects did not believe us. 
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LEVEL OF CONFORMITY was higher for Norwegians (colored 
bars) than French subjects (gray bars) in all five test situations, 

but fluctuated similarly for both. The broken black line indicates 

the error level of control groups of both nationalities in the 

absence of pressure. The first set of bars gives results for the 

basic experiment. In the next situation significance was in­

creased by an announcement that the test results would affect 

aircraft safety. This "aircraft'· factor was maintained in subse· 

quent tests, in one of which the subjects recorded their answers 

privately instead of announcing them. In the "censure" situation 

critical comments (on tape) stepped up pressure on the subjects. 

In a final experiment censure continued and the subjects were 

allowed to request repetition of the test tones by sounding a bell; 

fewer Norwegians than Frenchmen proved "bold" enough to do so. 

They could not understand how we 
could interject comments with such veri­
similitude, particularly since we could 
not predict how they would respond at 
any given moment. This was achieved 
by making use of two tape recorders. 
One played the standard tape containing 
tones and the group judgments, with 
"dead" time for the subject; the other 
contained only the set of "criticisms " 
from members of the group. The two in­
struments could be controlled independ­
ently, allowing us to inject a remark 
whenever the subject's responses made 
it appropriate. The remarks followed the 
subject's independent responses imme­
diately, creating a highly spontaneous 
effect. 

Another series of experiments was de­
signed to aid in the interpretation of the 
earlier findings. For example, many Nor­
wegian subjects rationalized their be­
havior by stating in the interview that 
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they went along with the others because 
they doubted their own judgment, and 
that if they had been given a chance to 
dispel this doubt they would have been 
more independent. An experiment was 
therefore carried out to test this notion. 
The subject was given a chance to re­
examine the stimulus materials before 
giving his final judgment. He did this by 
sounding a bell in his booth whenever 
he wished to hear a pair of tones again. 
As before, the subject was openly cen­
sured by the group if he failed to con­
form, but he was not censured merely 
for asking to hear the tones repeated. 
It turned out that even the relatively 
simple act of requesting a repetition 
must be construed as an act of consider­
able independence. Only five of the Nor­
wegians asked for a repetition of a tone 
on any trial, whereas 14 of the French 
subjects were "bold" enough to do so. 
And again the French showed more in-

dependence over-all, voting with the 
group on 58 per cent of the critical 
trials, compared with 69 per cent for the 
Norwegians. 

The study next moved out of the uni­
versity and into the factory. When 
we tested 40 Norwegian industrial work­
ers, we found that their level of con­
formity was about the same as that of 
the Norwegian students. There was, 
however, one important difference. Stu­
dents were often tense and agitated 
during the experiment. The industrial 
workers took it all with good humor 
and frequently were amused when the 
true nature of the experiment was ex­
plained. We have not yet managed to 
study a comparable group of industrial 
workers in France. 

No matter how the data are examined 
they point to greater independence 
among the French than among the Nor­
wegians. Twelve per cent of the Nor-
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wegian students conformed to the group 
on every one of the 16 critical trials, 
while only 1 per cent of the French con­
formed on every occasion. Forty-one per 
cent of the French students but only 25 
per cent of the Norwegians displayed 
strong independence. And in every one 
of the five experiments performed in 
both countries the French showed them­
selves to be the more resistant to group 
pressure. 

These findings are by no means con­
clusive. Rather they must be regarded as 
the beginning of an inquiry that one 
would like to see extended. But incom­
plete as the findings are, they are likely 
to be far more reliable than armchair 
speculation on national character. 

I t is useful, nevertheless, to see if the 
experimental results are compatible 

with a nation's culture as one can ob­
serve it in daily life. If there were a con­
flict between the experimental findings 
and one's general impressions, further 
experiments and analysis would be 
called for until the conflict had been re­
solved. Conceivably the discrepancy 
might be due to viewing the culture 
through a screen of stereotypes and 
prejudices rather than seeing it with a 
clear eye. In any case, in our study ex­
periment and observation seem to be in 
reasonable agreement. For whatever the 
evidence may be worth, I will offer my 
own impressions of the two countries 
under examination. 

I found Norwegian society highly co­
hesive. Norwegians have a deep feeling 
of group identification, and they are 
strongly attuned to the needs and inter­
ests of those around them. Their sense 
of social responsibili ty finds expression 
in formidable institutions for the care 
and protection of Norwegian citizens. 
The heavy taxation required to support 
broad programs of social welfare is borne 
willingly. It would not be surprising to 
find that social cohesiveness of this sort 
goes hand in hand with a high degree of 
CQnformity. 

Compared with the Norwegians, the 
French show far less consensus in both 
social and political life. The Norwegians 
have made do with a single constitution, 
drafted in 1814, while the French have 
not been able to achieve political stabil­
ity within the framework of four repub­
lics. Though I hardly propose this as a 
general rule of social psychology, it 
seems true that the extreme diversity of 
opinion found in French national life 
asserts itself also on a more intimate 
scale. There is a tradition of dissent and 
critical argument that seeps down to the 

local bistm. The high value placed on 
critical judgment often seems to go be­
yond reasonable bounds; this in itself 
could account for the comparatively low 
degree of conformity we found in the 
French experiments. Furthermore, as 
Stanley Schachter has shown, the chron­
ic existence of a wide range of opinion 
helps to free the individual from social 
pressure. Much the same point is made 
in recent studies of U.S. voting behavior. 
They reveal that the more a person is 
exposed to diverse viewpoints, the more 
likely he is to break away from the vot­
ing pattern of his native group. All these 
factors would help to explain the rela­
tively independent judgments shown by 
French students. 

The experiments demonstrate, in any 
case, that social conformity is not ex­
clusively a U.S. phenomenon, as some 
critics would have us believe. Some 
amount of conformity would seem neces­
sary to the functioning of any social sys­
tem. The problem is to strike the right 
balance between individual initiative 
and social authority. 

One may ask whether or not national 
borders really provide legitimate boun­
daries for the study of behavioral differ­
ences. My feeling is that boundaries are 
useful only to the extent to which they 
coincide with cultural, environmental or 
biological divisions. In many cases boun­
daries are themselves a historical recog-
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nition of common cultural practice. Fur­
thermore, once boundaries are estab­
lished they tend to set limits of their own 
on social communication. 

For all this, a comparison of national 
cultures should not obscure the enor­
mous variations in behavior within a 
single nation. Both the Norwegians and 
the French displayed a full range of 
behavior from complete independence 
to complete conformity. Probably there 
is no significant national comparison in 
which the extent of overlap does not 
approach or match the extent of differ­
ences. This should not prevent us, how­
ever, from trying to establish norms and 
statistically valid generalizations on be­
havior in different nations. 

We are now plal1lJing further research 
in national characteristics. In a recent 
seminar at Yale University students were 
given the task of trying to identify be­
havioral characteristics that might help 
to illuminate the Nazi epoch in German 
history. The principal suggestions were 
that Germans might be found to be more 
aggressive than Americans, to submit 
more readily to authority and to display 
greater discipline. Whether these as­
sumptions will hold up under experi­
mental inquiry is an open question. A 
team of German and American investi­
gators is planning a series of experiments 
designed to provide a comparative meas­
ure of behavior in the two countries. 

CENSURE 

lOW MEDIUM HIGH 
EFFECT OF CENSURE was to increase conformity. The charts show the degree of con· 

formity among 20 Norwegians in the absence of censure (left) and when censure was intro­
duced in the form of criticism (right). The "Iow".conformity category includes those who 

gave 6 or fewer promajority responses out of 16; "medium" is 7 to II and "high" 12 or more. 
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THE EAST PACIFIC RISE 

This broad, 8,OOO-mile-Iong bulge in the crust of the earth 

differs in many \vays from the rest of the ocean bottom. It 

may be the result of huge convection currents in the interior 

T
he waters of the Pacific Ocean off 
North and South America conceal 
a low bulge in the crust of the 

earth that is as extensive as both of the 
continents. This vast feature is known as 
the East Pacific Rise. It runs roughly 
north and south for 8,000 miles; its width 
varies from 1,200 miles to 2,500 miles, 
and it is up to three miles high. In several 
respects the rise differs from the rest of 
the ocean £Ioor. Along its crest, marked 
in some places by a broken, blocky 
topography with ridges and troughs run­
ning parallel to the axis, the earth's crust 
is significantly thinner than elsewhere. 
The crest is a region of high earthquake 
activity and also of an abnormally high 
rate of heat £low from the interior. On 
the £Ianks of the rise the heat £low is 
below average. 

At regular intervals straight cracks 
thousands of miles long cross the £Ianks 
of the rise in an east-west direction. 
There is evidence that across these frac­
ture zones huge slabs of the earth's crust 
have shifted horizontally with respect to 
each other by hundreds of miles. Yet the 
slabs themselves are virtually un distort­
ed; they are simply tilted a bit. 

Enormous though it is, the East Pa­
cific Rise constitutes only one segment 
of a 40,000-mile-long chain of undersea 
ridges and rises that runs almost twice 
around the earth. This global system, as 
large as all the continents put together, 
has been known for only a few years. It 
is perhaps the single most active topic in 
geological research, and new data on it 
are accumulating at an accelerating rate. 
At this time theories of its origin can only 
be highly speculative. As one might ex­
pect, there is no dearth of ideas on the 
subject. 

In an article in this magazine Bruce 
C. Heezen of the Lamont Geological 
Observatory of Columbia University de" 
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by Henry W. Menard 

scribed a number of studies of the great 
undersea chain and presented a hy­
pothesis to explain it [see "The Rift in 
the Ocean Floor," by Bruce C. Heezen; 
SCIENTIFIC AMERICAN, October, 1960]. 
Lamont surveys show that in several 
places the chain is split along its crest 
by a deep rift valley that coincides with 
a narrow belt of earthquake epicenters. 
The epicenters extend along the crest of 
the mountain chain through all the 
oceans. By analogy, the rift was assumed 
to be continuous along the crest. To ac­
count for this world-wide rift Heezen 
advanced the hypothesis that the earth 
is expanding. 

Recent soundings by English, Ger­
man, Soviet and U.S. oceanographers 
make it clear that a single continuous 
central rift does not exist. In many 
places the crest displays not a single 
great rift but a number of parallel rifts 
and ridges. This makes little difference in 
considering the origin of the mid-ocean 
mountain chain, since both topographic 
forms indicate tension on the crest. 

Our studies at the Scripps Institution 
of Oceanography have demonstrat­

ed a correlation along the East Pacific 
Rise of topography, heat £low and 
crustal thickness. Moreover, we have 
found that different sections of the 
world-wide submarine mountain chain 
have quite different characteristics, 
which suggests that although the chain 
superficially appears to be one continu­
ous and contemporaneous system, it may 
be a series of distinct, though very large, 
topographic units that overlap in space 
and time. Scripps studies of the central 
Pacific show that a large region of the 
sea £Ioor has moved up to form a rise 
and then subsided. Any theory of the 
origin of oceanic rises should explain all 
these observations. Many oceano graph-

ers support the hypothesis that convec­
tion currents within the earth account 
for the oceanic rises, past and present. 

The first hint of a bulge under the 
southeastern Pacific came almost 90 
years ago when the British expedition on 
the ship Challenger discovered a rela­
tively shallow region between Tahiti and 
Chile. Sir John Murray, a member of 
the expedition, named it the Albatross 
Plateau. Around 1900 the U.S. natural­
ist Alexander Agassiz made an exten­
sive reconnaissance of the sou theastern 
Pacific, extending the earlier measure­
ments. For the next 40 years there was 
little further exploration, but the old 
soundings were incorporated in a num­
ber of charts, which gave different 
names to the same places. By 1946 the 
name Albatross Plateau had been shifted 
to a region off Central America and the 
charts showed three distinct plateaus in 
the southeastern Pacific. Then the U.S. 
Navy, economically making use of ships 
traveling back and forth across the re­
gion on Antarctic expeditions, syste­
matically developed the broad contours 
of the ocean bottom. The Navy sound­
ings made it plain that in reality only one 
great bulge lies beneath these waters. 

Beginning during the International 
Geophysical Year in 1956 and 1957, the 
Scripps Institution undertook a series of 
extensive studies of the East Pacific Rise, 
and it has now been delineated in some 
detail. The entire width of the low, broad 
feature can be traced only in the basin 
of the southeastern Pacific [see illustra­
tions on opposite page and page 55]. But 
what appears to be the western £lank of 
the rise is found all the way to the Gulf 
of Alaska. The crest runs into the coast 
of North America and disappears at the 
Gulf of California, then reappears off 
northern California and continues to 
British Columbia. The eastern £lank dis-
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CENTRAL PART OF EAST PACIFIC RISE is roughly the sea-floor region bounded by the 

four-kilometer depth contour on this topographic map of the eastern Pacific and the Amer­

icas_ (One kilometer equals 3,280 feet, Or about 5/8 mile_) Much of the crest of the rise is 

no deeper than three kilometers_ Land contours show height above sea level. Heavy colored 

lines in ocean mark the major fracture zones that cross the flanks of the rise and in some 

cases the crest. The outermost limits of the flanks extend to a depth of five kilometers_ 
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appears from the Pacific at Central 
America and Mexico. It is difficult to 
escape the conclusion that a bit of the 
crest lies under California and that the 
eastern flank extends under western 
North America. Indeed, the plateau of 
Mexico, the Colorado Plateau and the 
mountain ranges of the Great Basin of 
Nevada and Utah constitute an elevated 
region comparable in extent to the hypo­
thetical rise underneath. Plateau high­
lands of similar scale exist only in central 
Asia and eastern Africa, and the latter 
lie along a continuation of the Indian 
Ocean Ridge. 

Four of the fracture zones that cross 
the East Pacific Rise had been discov­
ered by 1955 [see "Fractures in the Pa­
cific Floor," by Henry W. Menard; 
SCIENTIFIC AMERICAN, July, 1955]. Now 
at least five more are known. The zones 
typically show a relief (that is, a vertical 
distance from highest to lowest points) 
of up to 10,000 feet, a width of about 
100 miles and a length of more than 
1,000 miles. Within them faulting has 
created elongated ridges and troughs 
running east and west, punctuated by 
large submarine volcanoes. Often the 
depths of the ocean floor on opposite 
sides of a fracture are different, suggest­
ing that large blocks of the earth's crust 
have risen up or subsided. 

A remarkable aspect of the great 
cracks is that they are quite straight. 

Only wrench faults, in which blocks of 
the earth's cmst move horizontally, dis­
play this characteristic. Direct evidence 
for such movement, however, is often 
impossible to find in purely topographic 
observations, which chiefly reflect verti­
cal displacements. In the past few years a 
means of measuring the horizontal slip­
page has been developed. Ronald G. 
Mason, Victor Vacquier and their col­
leagues at Scripps have been making de­
tailed maps of magnetic irregularities of 
the sea floor off the western U.S. and, 
except at the fracture zones, have found 
a continuous, distinctive pattern of 
north-south striations [see "The Magnet­
ism of the Ocean Floor," by Arthur D. 
Raff; SCIENTIFIC AMERICAN, October]. 
Across the fracture zones the patterns are 
intermpted. When the measurements 
are extended far enough, it is found that 
the intermptions are actually offsets, in 
which two parts of the pattern have been 
shifted horizontally with respect to each 
other. In this way it is possible for the 
first time to measure both the relative di­
rection and the amount of movement 
along the shear of undersea faults. The 
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fracture zones across the rise are among 
the largest faults known anywhere on 
the earth. The Murray fault has a right­
lateral displacement of 95 miles (looking 
across it in either direction the opposite 
side appears to have moved to the right), 
the Pioneer fault has a left-lateral dis­
placement of 160 miles and the great 
Mendocino fault has a left-lateral shift of 
750 miles [see map on page 59]. Clear­
ly slabs of crust almost as large as con­
tinents have here moved distances on the 
order of those called for by the theory of 
continental drift. This does not neces­
sarily indicate that continents drift as 
units: displacements of the type and 
scale found in the Pacific would tear a 
continent to bits. 

As has been indicated, our soundings 
show no long, central rift in the crest of 
the East Pacific Rise. Indeed, it seems 
dou btful that such a rift extends for 
really long distances in the crest of any 
rise. British oceanographers have found 
a central rift running for 75 miles in the 
North Atlantic, but closely spaced 
soundings by German oceanographers 
show that another region of the Mid­
Atlantic Ridge lacks a central rift. A sur­
vey by Lamont found a rift along a line 
of earthquake epicenters in the Indian 
Ocean, but Scripps soundings have not 
located a rift in the Pacific, where earth­
quakes are equally common. Most sur­
veys seem to show not one great rift but 
parallel ridges and troughs running 
lengthwise on the crest of oceanic rises. 

Such a ridge-and-trough topography 
is prominently developed on the crest of 
the East Pacific Rise off the northwest­
ern U.S. There it has been delineated in 
more detail than anywhere else in the 
world in an extremely precise survey by 
the U.S. Coast and Geodetic Survey. 
The ocean bottom off northern California 
displays a major rift between tilted and 
faulted ridges, but it is cut off to the 
south by the Mendocino fault and to the 
north by another fault. Two other regions 
with prominent ridge-and-trough topog­
raphy but without a central rift lie be­
tween Chile and the crest of the East 
Pacific Rise. 

The band of earthquake epicenters 
along the crest of the East Pacific Rise re­
sembles those of the Mid-Atlantic and 
Indian Ocean ridges. In the southeastern 
Pacific there are not enough seismo­
graphic stations to locate epicenters ac­
curately, and the width of the band is 
not known. The earthquake belt con­
tinues from the open sea through the 
Gulf of California and California itself 
and back onto the crest of the rise off 

northern California. In the Northern 
Hemisphere closely spaced seismograph­
ic stations can pinpoint earthquake epi­
centers that lie in a narrow line off north­
ern California but not in, or even parallel 
to, the prominent rift in the same area. 
Although the band is continuous, all the 
earthquakes may not be related to the 
rise. In California and probably in the 
Gulf of California the earthquakes are 
associated with the San Andreas fault, a 
great wrench fault parallel to the crest of 
the rise. Elsewhere the epicenters seem 
to be most common where fracture zones 
intersect the rise, but the quakes do not 
necessarily result from the transverse 
wrench faulting associated with the frac­
tures. Probably stress along the crest of 
the rise simply tends to be relieved 
where the fractures have weakened the 
crust. 

By setting off underwater explosions 
and measuring the velocity of the re­

sulting sound waves through the water 
and through various layers of the solid 
bottom underneath it is possible to cal­
culate the thickness of the earth's crust. 
Russell W. Raitt and G. G. Shor, Jr., of 
Scripps have carried out a large number 
of such tests and have found that the 
crust under the East Pacific Rise is thin­
ner than in other parts of the ocean. In 
most places in the ocean basins the cross 
section of the crust has a remarkably 
constant stmcture consisting of several 
hundred feet of unconsolidated sediment 
as a top layer, then about 3,000 feet of 
"second layer," presumably volcanic rock 
and consolidated sediment. Below this is 
the "third layer," or oceanic crust proper, 
separated from the mantle by the Mo­
horovicic discontinuity. The third layer 
at 21 places in the Pacific not on the rise 
averages 16,000 feet in thickness. In con­
trast, the average thickness at 12 places 
within 900 miles of the crest of the rise 
is 12,500 feet, or only three-fourths of 
normal. This means that the rise mu�t 
originate in the mantle underneath. In 
fact, the bulge in the mantle must have 
more relief than that of the ocean floor. 

At the center of the rise in some places 
the third layer lies over some apparently 
abnormal material through which sound 
travels at about 24,600 feet per second 
compared to 26,200 feet per second, the 
usual minimum speed in the mantle. Sim­
ilar low-velocity material under the Mid­
Atlantic Ridge has been interpreted by 
Maurice Ewing of the Lamont Observa­
tory as a physical mixture of crust and 
mantle rocks. In the case of the East 
Pacific Rise, however, Raitt and Richard 
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SCHEMATIC DIAGRAM OF THE RISE as it is today shows eastern 

flank under the Caribbean Sea and much of North America, with 

crest under western North America. Movement of great slabs of the 

earth's crust along major fractures is also represented. Some of the 
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fracture zones do not have names. Black hatching shows regions 
and directions of closely spaced ridges and troughs. The crest of the 

rise also displays lengthwise ridges and troughs. The thick colored 

lines off the coasts of South and Central America mark trenches. 
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POSSIBLE FIRST STAGE OF THE RISE is shown in this highly schematic diagram. A 

broad bulge has formed in the earth's crust, but great slabs of crust have not yet moved east 

and west. Closely spaced ridges and troughs along the crest will appear later. The author 

believes that the Tuamotu and Pacific·Antarctic ridges are older than the East Pacific Rise. 

P. Von Herzen believe that the low 
velocities are related to high heat flow 
on the crest; they calculate that higher 
temperature would reduce the velocity of 
sound in normal mantle rock by the 
amount observed. 

A decade ago, when Sir Edward 
Bullard of the University of Cambridge 
and Roger Revelle of Scripps first meas­
ured the rate at which heat flows from 
the interior of the earth through the 
ocean floor, they were surprised to find 
the rate was the same as it is on the 
continents-a little more than one-mil­
lionth of a calorie per square centimeter 
per second. (The heat flow is not actual­
ly measured directly but is calculated 
from measurements of the temperature 
at the solid surface and at a level a few 
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feet below the surface and from meas­
urements of the thermal-conductivity 
of cores taken from the bottom.) Since 
the granitic crust of the continents con­
tains more radioactive material than the 
basaltic crust of the ocean, everyone 
had thought that less heat would come 
from the oceanic crust. To account for 
the unexpectedly high value it was sug­
gested that it might reflect convection 
cmrents in the mantle, which were carry­
ing hot material from lower levels to 
the underside of the crust. But in that 
case, as several geologists pointed out, 
there should also be regions of abnormal­
ly low heat flow where the currents 
turned downward again. 

Further probing at sea showed two 
such areas, one in the Middle America 

Trench and the other on the western 
flank of the East Pacific Rise. The idea 
of convection currents in the mantle is 
not a new one, and the Dutch geophysi­
cist F. A. Vening Meinesz had earlier 
proposed that trenches are formed when 
sinking convection cmrents drag down 
the crust with them. The low heat flow 
in the Middle America Trench seemed 
to support this hypothesis. 

About two dozen observations of heat 
flow had been carried out in the Pacific 
before the 1956 Scripps expedition in 
the ship Downwind. On that cruise 
Von Herzen made 32 more measure­
ments. These showed that heat flow and 
topography are broadly correlated. A 
strip about 100 miles wide along the 
crest of the rise has a heat flow ranging 
from two to eight times normal, whereas 
a band as much as 2,000 miles wide on 
the western flank has a low heat flow, 
ranging down to 10 per cent of normal 
[see illustration on page 58]. The few 
observations made on the eastern flank 
of the rise indicate a similarly low heat 
flow there. 

After Downwind, Von Herzen rede­
signed the temperature probe for use on 
lighter wire with high-speed winches. 
In a two-month tour de force he collected 
data from 60 places in the Gulf of Cali­
fornia, off California and around the 
Mendocino fracture zone. They demon­
strated that the belt of high heat flow 
extends along the crest of the rise for at 
least 6,500 miles, continuing right up to 
the point at which the crest disappears 
under the coast of California and picking 
up and resuming where it emerges off 
northern California. 

I n summary, the Scripps studies indi­
cate that the East Pacific Rise results 

from a bulge in the mantle; that the crust 
of the earth is thinned along the crest 
and in many places broken into small 
blocks that run parall el to the rise; that 
large, un distorted slabs of crust on the 
flanks have been moved long distances; 
and that the flow of heat is high along 
the crest and low on the flanks. 

All these facts can be accounted for 
by the hypothesis that two parallel, op­
positely rotating convection cells in the 
mantle well up under the crest of the 
rise [see top illustration on page 59]. 
Assuming that the cells have a roughly 
circular cross section with a diameter 
equal to the width of one flank of the 
rise, they extend roughly 1,000 miles 
down into the mantle. The thin scum of 
continental and oceanic crust would have 
little or no effect on such large currents. 
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Where the cells rise, the crust arches up 
because of thermal expansion and phys­
icochemical changes. As the flow di­
verges under the crest of the arch, cracks 
open, producing the topography of 
parallel ridges and faults along the crest. 
Under the flanks of the rise the horizon­
tal current moves large slabs of crust, 
bounded by fracture zones, outward 
from the crest. The outward displace­
ment stretches the crust, leaving it thin­
ner on the crest. Finally, along the line 

--- -------- - --- --- ---
---

where material wells up from deep in the 
mantle the flow of heat through the sur­
face is increased, whereas over the re­
gions of horizontal and downward mo­
tion it is decreased. 

The convection hypothesis seems to 
meet the only semiquantitative test pro­
posed so far: a comparison of the hori­
zontal displacements along the fracture 
zones with the amount of thinning of the 
crust on the crest. The thin region now 
averages 1,750 miles wide. When it was 

as thick as the other parts of the Pacific 
basin, it would have been only 1,400 
miles wide. Assuming that the thinning 
is due to stretching, the crust has moved 
350 miles. This agrees, at least as to or­
der of magnitude, with the horizontal 
offsets of 95, 160 and 750 miles observed 
at the great wrench faults of the frac­
ture zones. 

Because some parts have moved far­
ther than others, the average crustal 
thinning on the crest is not so significant 
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HIGH HEAT FLOW ALONG CREST (dark color) 
and low heat flow along flanks (light color) character· 

ize the rise. Dots mark sites of measurements. Broken 

lines are approximate borders of regions of abnormally 

low heat flow. White regions have average or unknown 

heat flow. The pattern of heat flow is believed to be the 

result of convection currents in the earth's mantle. 

as the thinning in the region of any 
particular displaced block. At present 
there are too few thickness measure­
ments to disclose a definite pattern. A 
preliminary shipboard calculation made 
recently by Raitt seems to show that the 
thinnest crust in the Pacific is on the 
crest of the rise north of the Mendocino 
fault, where the largest horizontal dis­
placement has occurred. The width of 
the broken ridge-and-trough region on 
the crest of the rise also seems to be cor. 
related with the displacement on the 
Ranks. In the region north of the Men­
docino fault it is very wide; off central 
California there is no broken area, and 
the one in the Gulf of California is rela­
tively narrow [see bottom illustmtion 
on opposite page J. It would appear that 
the block of crust off central California 
remained almost stationary, whereas the 
blocks north and south of it moved away 
from the crest. 

As to the eastern Rank, the data are 
much spottier, and the encroachment of 
the North American continent compli­
cates matters. Along the Mendocino 
fault the great left-lateral displacement 
at sea changes to a 60-mile right-lateral 
displacemen t on land. Although this 
may indicate that the eastern Rank has 
moved eastward north of the fault, other 
evidence makes this simple interpreta­
tion dubious. 

Oddly enough, the only other measure-
ments bearing on movement of the 

crust on the eastern Rank come from the 
Caribbean Sea. Although it is not even 
in the Pacific, it is no farther from the 
crest of the East Pacific Rise than the 
outer parts of the western Rank. Harry 
Hess and his colleagues at Princeton 
University have shown that the Carib­
bean basin is bounded on the north and 
south by east-west fault zones and that 
the Roor of the basin has moved about 
475 miles to the east with respect to 
South America and Cuba. Hess attrib­
utes the displacement to a convection 
current that ends by plunging down in 
the vicinity of the Lesser Antilles. 

If such a current exists, it could well 
be a continuation of the cell originating 
on the crest of the East Pacific Rise. This 
would mean that the current passes un­
der Central America. If the width of the 
cell is approximately constant, the edge 
of the eastern Rank farther south must 
reach at least as far as the coast of South 
America. 

The general similarities among the 
different undersea ridges and rises 
strongly suggest that the same type of 
mechanism created them all. Because 
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CONVECTION-CURRENT HYPOTHESIS is illustrated in dia­

gram of a cross section of the crust of the rise. Two convection cells 

in mantle (arrows) rise under crest, creating tension as they 

diverge. The tension breaks the crust into the ridges and troughs 

that lie on and parallel to the crest. As the currents move horizon­

tally they drag slabs of crust along, creating the great wrench faults 

of the fracture zones. Then the oceanic crust is compressed (right) 

against the continent, making a trench. Finally the currents sink. 
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the shear of the nearest great fault in the ocean. Westward movement of blocks of crust and the minor faults 
on the crest suggest that the crest is stretched and thinned. Broken lines are depth contours in kilometers. 

59 

© 1961 SCIENTIFIC AMERICAN, INC



they are connected, many oceanograph­
ers have assumed that they were formed 
at the same time. As has already been 
pointed out, this is not necessarily true; 
their sheer size makes it inevitable that 
they should overlap anyway. As a matter 
of fact, there are positive reasons for be­
lieving that some parts of the range are 
older than others. A most striking exam­
ple is the sharp change found at the junc­
tion of the East Pacific Rise and the Pa­
cific-Antarctic Ridge in the central South 
Pacific. The ridge has just been explored 
in the region south of New Zealand by 
the Scripps Monsoon expedition. A com­
paratively narrow elevation lying be­
tween New Zealand and the Antarctic, 
the Pacific-Antarctic Ridge contains 
high and steep-sided ridges and troughs 
parallel to the crest. Topographically it 
resembles the Indian Ocean and Mid-
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Atlantic ridges, with which it is also 
connected. Several measurements show 
that heat flow on the crest is about the 
same as the average for the continents 
and ocean basins. In this respect it is 
like parts of the connecting Indian Ocean 
Ridge, which Monsoon also explored. 
The Mid-Atlantic Ridge, on the other 
hand, has a high heat flow, at least in 
the one location on the crest where it 
has been measured. 

The Pacific-Antarctic Ridge extends 
north to almost 50 degrees south lati­
tude, where the crest is offset more than 
600 miles to the southeast. Here it grades 
into the East Pacific Rise, which, unlike 
the Pacific-Antarctic Ridge, is not cen­
tered in an ocean basin, is extremely 
broad and relatively un faulted on the 
crest and exhibits a high heat flow along 
the crest. 

100 80 60 

__ __ 41 60 

...- ___ -1 40 

20 �---------t--------���------t----------t� 20 

40 ---� 40 

160 140 120 100 80 60 

SHALLOW EARTHQUAKES in the eastern Pacific tend to occur along the crest of the rise 

(color outline) . Large dots mark the stronger quakes, small dots the weaker. In California 

most of the earthquakes are probably associated with the San Andreas fault system. 
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These two great ridges, although con­
nected, are significantly different and 
may represent stages of an evolutionary 
process in which a broad, smooth arch 
with high heat flow gradually subsides 
along the flanks, leaving a central ruin of 
ridges, troughs and volcanoes along a 
line of normal heat flow. Presumably the 
change occurs when the convection cells 
in the mantle die out or shift location. 
According to this hypothesis the East 
Pacific Rise would be younger than 
the Mid-Atlantic Ridge, which in turn 
would be younger than the Pacific-Ant­
arctic Ridge. 

Oldest of all would be the great nar­
row ridges that occupy the center of the 
Pacific. The fact that they are no longer 
seismically active indicates that they 
have completed their development. The 
central Pacific ridges are of special in­
terest because they give some indication 
of the lifetime of an oceanic rise. The 
atolls of the Tuamotu and the Line is­
lands, as well as the guyots (drowned 
ancient islands) of the Mid-Pacific 
Mountains west of Hawaii lie along the 
midline of the Pacific basin. Unlike most 
other oceanic islands, which are vol­
canoes rising from the deep-sea floor, 
these island groups rise above long, 
steep-sided ridges. Various Scripps ex­
peditions have dredged fossils from the 
guyots of the Mid-Pacific Mountains and 
from guyots scattered among the atolls 
of the Tuamotu Islands. Although the 
fossils come from depths of 3,000 to 
6,000 feet, they are typical of shallow 
water and show that the ridges were 
much higher 60 million to 100 million 
years ago. 

Apparently the whole central region 
of the Pacific has subsided 3,000 to 6,000 
feet in less than 100 million years. The 
region is not depressed, however, and it 
seems probable that it first rose and then 
sank to its original level. In short, it fol­
lowed the proposed sequence of develop­
ment of an oceanic rise and in a time that 
is a small fraction of the age of the earth. 

The displacement of crustal blocks 
bounded by great fracture zones is an 
integral part of the convection hypoth­
esis as it is discussed here. Consequent­
ly fracture zones should exist in parts of 
the submarine mountain chain other 
than the East Pacific Rise. When the 
hypothesis was first proposed, the evi­
dence for such fractures was very scanty. 
Ivan Tolstoy of the Lamont Geological 
Observatory and Ewing had described 
a transverse trough in the Mid-Atlantic 
Ridge, and Hess had discovered another 
Atlantic trough that appeared to be a 
fracture zone. The soundings, however, 
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TEMPERATURE PROBE measures the heat flowing out of the 

earth's interior through the crust. The probe is the long slender 

tube. The watertight cylinder above it contains recording instru­

ments. Here oceanographers are preparing to lower it into the water. 

were too few for accurate contouring in 
any of these places. 

A recent paper by Heezen and Marie 
Tharp, also of Lamont, contains the first 
definite confirmation of fracture zones 
not on the East Pacific Rise. They have 
mapped east-west fracture zones, exact­
ly like those in the Pacific, at several 
places in the equatorial Atlantic. Each 
zone is several hundred miles long and 
offsets the crest of the Mid-Atlantic 
Ridge, suggesting left-lateral faulting. 

The discovery of the offsets is of cru­
cial importance because it confirms the 
idea that displacements have occurred 
after the mountain chain was formed. 
This suggests that the mountain-forming 
process also produced the fractures, a 
concept that is supported by the fact 
that 17 fracture zones have been found 
cutting oceanic rises, and none have 
been traced beyond the rises. 

The convection hypothesis can ac­
count for all the information available 

to date on the various oceanic ridges 
and rises and can even place them in an 
evolutionary sequence. It may also sup­
port the hypothesis of continental drift. 
La;'ge convection currents under the 
continents may have broken the overly­
ing land apart and sent pieces drifting, 
just as they may have caused large pieces 
of the sea Roor to drift. The direction of 
such movement may be essentially ran­
dom, changing as new convection cells 
begin and old ones stop. 
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Satellite Cells in the Nervous System 

Precise analytical methods reveal the composition of single nerve cells 

and their satellites, the glial cells, showing how the two collaborate. 

The work sug/3·ests that giant molecules provide the basis of men�ory 

T
he British physiologist Sir Charles 
Sherrington once described the 
brain as "an enchanted loom 

where millions of flashing shuttles weave 
a dissolving pattern, always a meaningful 
pattern though never an abiding one .... " 
To Sherrington, writing more than two 
decades ago, and to most physiologists 
today the brain is essentially a prodi­
gious switchboard ceaselessly traversed 
by electrical impulses. For nearly a cen­
tury the tools of electrophysiology have 
become steadily keener at resolving and 
measuring this activity, but they are un­
able in principle to reveal anything more 
than its transient "dissolving" patterns. 
If the "flashing shuttles" leave abiding 
patterns anywhere-as one assumes they 
must-they elude the electrodes of the 
physiologist. Moreover, electrophysiol­
ogy has told us virtually nothing of the 
curious satellite cells-the neuroglial 
cells-that surround the nerve cells, out­
numbering them about 10 to 1 and mak­
ing up about half of the total volume of 
the brain. 

It is only recently that enough has 
been learned of the chemistry of the 
nerve cells and glial cells to support a 
working hypothesis about the way these 
two very dissimilar types of cell may col­
laborate. From the point of view of the 
neurochemist the high rate at which the 
nerve cells synthesize proteins is every 
bit as remarkable as the electrical activ­
ity found by the physiologist. Indeed, 
certain nerve cells exceed even pancre­
atic cells-long regarded as the most 
highly specialized protein-producing 
cells-in their ability to manufacture pro­
teins. Although much of the n�rve pro­
tein, in the form of enzymes, is probably 
required to support the electrical activ­
ity of the nerve, it seems plausible that 
some of the protein enters into the abid­
ing patterns we describe as memory. 

Over the past 12 years my associates 
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and I at the University of Goteborg 
in Sweden have devised techniques for 
determining the chemical composition 
and activity of individual brain cells and 
of the glial cells that immediately sur­
round them. In our work the common 
units of volume measurement are the 
cubic micron (a million-millionth of a 
milliliter) and, for larger samples, the 
micromilliliter (a millionth of a millilit­
er). The bodies of mammalian nerve 
cells range in volume from about 10 
micromilliliters to less than a thou­
sandth of a micromilliliter. In analyz­
ing individual cells we must be able to 
measure cell constituents that weigh as 
little as a million-millionth of a gram, 
or a micromicrogram. This has called 
for methods that are a million times 
more sensitive than ordinary micro­
chemical methods. 

Our experimental materials are nerve 
cells and glial cells removed from the 
central nervous system of small mam­
mals, usually rats and rabbits. Although 
nerve cells are of many sizes and shapes, 
they all have certain features in common. 
Attached to each nerve cell, or neuron, 
is a long fiber, the axon, which conducts 
nerve impulses away from the cell body. 
Fanning out from the cell body are 
shorter and finer processes called den­
drites. The cell body and dendrites pro­
vide a receiving area for scores of nerve 
fibers carrying impulses that originate 
in other neurons. Where these incoming 
fibers join a cell body and its dendrites 
they form "synaptic knobs." 

The space between neurons is filled 
largely by glial cells, the name of which 
derives from the Greek word glios, 
meaning glue. There are at least five 
distinct types of glial cell; the bodies 
and nuclei of all are small compared 
with those of neurons. Radiating out­
ward from the surface of the glial cell 
body are thin, delicate processes. The 

entire surface of each neuron, except for 
the synaptic contact points between 
neurons, is covered by the processes of 
neighboring glia. Some glial cells are 
in contact with others by means of inter­
twining processes, and other glial cells 
sheathe the capillaries that supply blood 
to the brain. Most investigators now be­
lieve that substances cannot pass from 
the blood into the neurons without first 
passing through the glia. Thus the glia 
seem to constitute the "blood-brain bar­
rier" that makes the nerve cells extraor­
dinarily resistant to toxic agents circulat­
ing in the blood. When glial cells and 
nerve cells are grown in tissue culture, 
the glia exhibit peculiar, pulsating move­
ments and can be seen climbing up and 
down the neurons like spiders on a 
flower. 

It is clear that a chemical analysis of, 
say, one milligram of brain tissue cannot 
indicate the composition of neurons and 
glia separately. The analysis will give 
only an average value for nervous tissue, 
without anatomical correlation. Begin­
ning about 1950 we set out to analyze 
nerve cells and glia separately. For this 
purpose we wanted not just any kind of 
glia but only those glial cells that closely 
surrounded the nerve cells. An ordinary 
micromanipulator proved unsatisfactory 
for all chemical studies in which speed is 
desirable. I therefore learned to sample 
single fresh nerve cells freehand, using 
a small steel instrument and a stereo­
microscope at a magnification of 80 to 
100 diameters. It is important that the 
bases of the dendrites projecting from 
the cell body be included in the sample, 
because they are the site of high enzyme 
activity. They are lost if one tries to re­
move the cell from embedded nerve 
tissue. 

With practice I found that I could 
completely free a nerve cell from the 
surrounding glial cells by gently manipu-
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lating the cells with the insh'ument from 
below. Once the nerve cell is lifted free, 
the glial cells have a tendency to stick 
together. They are then removed in a 
clump and are trimmed down to match 
the volume of the nerve cell body [see 
bottom illustration on this page]. For 
analytical purposes we prefer the nerve 
cell and the matching sample of glia to 
be of the same weight. 

Our methods enable us to determine 
four things: the content of ribonucleic 
acid (RNA); the proportions of the four 
subunits, called bases, that distinguish 
different samples of RNA; the content 
of proteins and lipids (fatty substances) 
in the sample; and the enzymatic activity 
of the sample. Each of these analytical 
procedures will be described in order. 

RNA is a giant molecule whose central 
chain consists of alternating links of 

ribose sugar and phosphate; to each 
sugar is attached one of four nitrogenous 
bases: adenine, guanine, cytosine and 
uracil. RNA molecules can differ from 
one another in the relative amount and 
sequence of these four bases, which may 
number in the thousands. Current con­
cepts assign to RNA the main role in 
guiding the synthesis of various types of 
protein needed by each type of cell. 
Each type of protein is evidently formed 
on a template consisting of a specific 
RNA molecule. RNA itself appears to be 
synthesized in the nucleus of the cell, 
particularly in the nucleolus. From the 
nucleus the RNA moves into the sur­
rounding cytoplasm and"makes up about 
half of the substance of the particles 
called ribosomes, which are the principal 
site of protein synthesis. 

In micrographs made with ultraviolet 
radiation, areas rich in RNA show up as 
dark patches. This provides the basis for 
the microanalytic method devised by my 
colleague Jan-Erik Edstrom. Working 
with individual nerve cells-or equal 
volumes of glial cells-we add a micro­
drop of a solution containing the enzyme 
ribonuclease [see illustration on page 
65]. This enzyme partly breaks down 
RNA and carries it into solution. The 
cell is exposed to ribonuclease for a total 
of 60 minutes in three separate extrac­
tions. The extracts are transferred by a 
micropipette to a quartz glass slide, 
where the solvents evaporate, leaving 
behind the partly decomposed RNA. In 
the next step the RNA is redissolved in 
a glycerol solution, which forms a micro­
drop with a diameter of about .2 milli­
meter. The drop, illuminated by ultra­
violet light with a wavelength of 2,600 
angstrom units, is photographed in a 

microscope. The density of the micro-

FRESHLY ISOLATED NERVE CELL from the vestibular nucleus of a rabbit brain is a 

giaut among nerve cells. This cell, magnified 1,800 diameters, was photographed in the 

phase-contrast microscope. Processes extending from the cell body are dendrites. The dark 

particles are synaptic knobs, the sites where other nerve cells make functional contact. 

SATELLITES OF THE NERVE CELL, the glial cells, are the two clumps in the lower por­

tion of the micrograph. Each clump, containing about 20 glia, has been made to match in 
volume and weight the nerve cell (top) around which the glia were originally clustered. 
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graphic image is scanned photometrical­
ly to p,rovide a measure of the RNA pres­
ent in the microdrop and hence in the 
original cell. By this method the amount 
of RNA in the range of 20 to 1,000 
micromicrograms can be measured with 
a standard error of ± 5 per cent. 

The RNA content of different types of 
nerve cell varies over a wide range, from 
45 micromicrograms in small cells to 
more than 1,500 micromicrograms in 
the very large nerve cells, called Deiters' 
cells, located in the region of the brain 
stem known as the vestibular nucleus. 
We find that about 10 per cent of the 
total RNA in the nerve cell is located in 
the dendrites. In the impulse-propagat­
ing axon of mammalian nerve cells there 
is no measurable amount of RNA. Re­
cently, however, Edstrom has found 
small amounts of RNA in the axons of 
the giant nerve cells of fishes. When we 
compare the RNA in the nerve cell with 
that in an equal weight of surrounding 
glial cells, we find that the glia contain 
about 10 per cent as much RNA as the 
nerve cell. 

We next sought to answer the ques­
tion: Does brain RNA differ from RNA 
found in other organs of the body? In 
1954 Edstrom and I were able to show 
that its composition is fundamentally 
the same. The analytical method, also 

developed by Edstrom, starts with the 
RNA extracted from a cell by ribonu­
clease. The extract is hydrolyzed, or 
broken down, with hydrochloric acid, re­
leasing the four bases adenine, guanine, 
cytosine and uracil. The hydrolyzed ma­
terial is applied to one end of a specially 
treated microscopic cellulose thread, 
stretched on a quartz glass slide. When 
a potential gradient of 2,000 to 3,000 
volts is applied to the thread for about 
10 minutes, the bases migrate at differ­
ent speeds and come to rest in four dis­
tinct concentrations along the thread. 
Migration of this sort, induced by an 
electric potential, is called electropho­
resis. The thread is photographed under 
a microscope by ultraviolet light, reveal­
ing where the bases have concentrated. 
Photometric scanning of the density pat­
terns on the thread provides a quantita­
tive measure of each of the four bases. 
The base composition of 300 micro­
micrograms of RNA can be established 
by this method with a standard error of 
± 7 per cent for each constituent. 

Our third analytical method is de­
signed to measure the proteins and lipids 
that constitute the principal bulk of the 
cell. Again it was important that we 
determine these two substances quanti­
tatively for single cells. The method 
Sven-Olof Brattgard and I developed 

ISOLATION OF NE.RVE CELLS is accomplished freehand by the author, using a binocular 
microscope of about 100 power. The instrument used for cell removal is a thin steel thread 
having a diameter of 15 microns, or less than a tenth of the diameter of a human hair. 
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was an extension of one devised in 1950 
by Arne Engstrom and B. Lindstrom 
of the Royal Caroline Institute in Stock­
holm. In their method a dry, thin tissue 
sample is placed against fine-grained film 
emulsion and is exposed to X rays in the 
wavelength range between 8 and 12 
angstrom units. Exposed at the same 
time is a so-called step-wedge, which 
serves as a reference system for subse­
quent calculations. In the tissue sample 
the absorption of X rays is proportional 
to the amount of carbon, nitrogen and 
oxygen present. The sample is X-rayed 
twice, once in its original state and again 
after it has been washed with solvents 
that remove lipids but not proteins. The 
two radiographs are then scanned by 
microphotometry to measure the X-ray 
absorption region by region. In our ver­
sion of the method, freshly isolated nerve 
cells (or glial cells) are placed on ultra­
thin aluminum foil and rapidly dried. 
The X-ray microradiographs resolve de­
tails down to .2 micron. 

To carry out the X-ray analysis auto­
matically, we have built an electronic 
scanning and computing device. The 
scanning unit divides the sample into 
12,000 parts and measures the density 
of each. A computer converts the den­
sities into a two-digit number, from 00 
to 99, giving the amount of material 
present in each tiny area, calculated ei­
ther as proteins or lipids. The instru­
ment provides information in two forms. 
The writing unit can print a picture 
covered with a mosaic of figures show­
ing the distribution of proteins or lipids 
within the cell [see illustration on page 
69]. If desired, the calculating unit will 
add together all the values from the 
12,000 areas and present an integrated 
sum in four minutes. 

The fourth of the analytical methods 
I shall describe has to do with the meta­
bolic activity of the two types of brain 
cell. It was believed for a long time that 
the brain could only metabolize, or 
"burn," glucose as a source of energy. 
Within the past 15 years, however, a 
number of workers have shown that the 
brain can readily utilize other sub­
stances, including amino acids ( de­
rived from proteins) and lipids. 

Cell metabolism involves a large num­
ber of different enzyme systems that co­
operate in disassembling glucose or other 
energy-containing substances and make 
the energy available to the cell for its 
manifold functions. In this process 
hydrogen and electrons are removed 
from the fuel substance and passed on 
in a series of steps, mediated by enzymes, 
until finally both hydrogen and elec­
trons are accepted by oxygen and water 
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is formed. Simultaneously the carbon 
atoms in the fuel are oxidized to form 
carbon dioxide. The energy released by 
this metabolic chain is temporarily stored 
in the energy-rich substance adenosine 
triphosphate (ATP) until it is needed by 
the cell. 

Some of the finest work on the glucose 
metabolism of single nerve cells has 
been carried out by Oliver H. Lowry and 
his collaborators at the Washington Uni­
versity School of Medicine. Lowry has 
shown that among all brain structures 
the greatest capacity for glucose me­
tabolism is found in the nerve cell body 
and its dendritic processes. He also finds 
that these processes are the site of the 
highest enzyme activity. 

For our purposes we needed a method 
that would show the enzyme activity of 
nerve cells and glial cells separately. 
Since we were working with living cells, 
we decided to measure the rate of oxygen 
consumption using micro techniques de­
veloped by Erik Zeuthen at the Carls­
berg Laboratory in Copenhagen. In this 
method a single nerve cell is sucked into 
a small Cartesian diver, a tiny vessel 
open at one end and so delicately bal­
anced that when it is placed in water, 
it will remain suspended below the sur­
face, neither rising nor sinking. If the 
density of the diver changes ever so 
slightly, the diver will move up or down 
a short distance until a new equilibrium 
is reached. In our tiny divers (which 
have a volume of about a tenth of a 
microliter) the cell is provided with a 
chemical medium that enables it to man­
ufacture a particular enzyme. When the 
cell uses respiratory enzymes to consume 
the oxygen contained in a tiny air bub­
ble, the bubble gets smaller and liquid is 
drawn in to replace the volume of gas 
consumed. This increases the density of 
the diver and makes it sink slightly. 
The rate of sinking is translated into 
oxygen consumption per hour per cell. 
The hourly rate is measured in tenths 
of a micromilliliter. The two principal 
enzymes involved in our studies are suc­
cinoxidase and cytochrome oxidase. The 
latter, being active at the final step of 
the respiratory chain, reflects in a gen­
eral way the rate at which the cell uses 
energy. 

�t me now summarize some of the find-
ings we have made with our micro­

micro techniques. Perhaps the most strik­
ing is the finding that the RNA content 
of the nerve cell ranks with the high­
est among all cells in the body. Nerve 
cells of all sizes contain about 10 per cent 
as much RNA as protein. In absolute 
amounts the 1,550 micromicrograms of 
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MEASUREMENT OF RIBONUCLEIC ACID (RNA) in brain cells, either nerve cells or 

their satellites, is based on ultraviolet absorption. The amount of RNA in single nerve 
cells ranges from about 45 to 1,550 micromicrograms. (A micromicrogram is one million. 

millionth of a gram.) The first step is to remove a single nerve cell (or equal mass of glial 

from brain tissue. The cell is placed under a glass slide, where it is protected by paraf. 

fin (2). The enzyme ribonuclease (3) breaks down the giant molecules of RNA (colored 
spots) and carries depolymerized RNA into solution (4). Dried specks of RNA (5) are 

redissolved in a glycerine solution, forming microdrops (6). Micrography by ultraviolet 

light (7) yields an image of the drops and a density scale for measuring purposes (8). A 

scanner (9) produces a curve showing the RNA content of each microdrop (10). 
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RNA in the largest vestibular nerve cells 
(Deiters' cells) represents a maximum 
value for a single mammalian cell of any 
type. It is no accident, of course, that 
the RNA content is almost a constant 
fraction of the protein content, since the 
primary role of RNA is to preside at the 
synthesis of protein. Thus the largest 
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neurons can be regarded as the body's 
most highly specialized cells for pro­
ducing RNA and protein. Among mam­
malian cells their only competitors seem 
to be pancreatic cells from small animals 
with a high metabolism, such as the 
desert rat. 

In man we have found that the RNA 
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content of the motor nerve cells in the 
spinal cord increases significantly from 
the third year of life to age 40. From 
40 to 55 or 60 the RNA content remains 
fairly constant, then declines rapidly. 
I should perhaps mention that nerve cells 
do not divide and are never replaced. 
With time the number of functioning 
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DETERMINATION OF RNA COMPOSITION is the second of the 

microanalytic methods used to measure differences between the 

nerve cell and its satellites. In the first step a solution of hydro. 

chloric acid is added to depolymerized RNA extracted from a nerve 

cell Or from several glia. The acid makes RNA break up into its 

subunits to form a bydrolysate (2). These subunits, or bases, are 

adenine, guanine, cytosine and uracil. The hydrolysate, carefully 

sealed in a micropipette (3), is transferred to a hot bath to com­

plete the hydrolysis (4). The hydrolysate is placed on a thread (5) , 

where application of an electric potential (6) makes the bases move 

at different speeds and so become separated. The separation is re­

vealed by micrographing the thread with ultraviolet radiation 

(7). A photometric scanner converts the density patterns into a 

curve showing the relative amounts of the bases present (8 and 9). 
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nerve cells decreases and between the 
ages of 30 and 90 the mass of the brain 
declines about 10 per cent. 

Presumably the increase in RNA con­
tent of nerve cells during the first half 
of life is directly associated with the 
sensory stimulation of the cell. We have 
found that if an animal is deprived of 
stimulation in one of its sensory sys­
tems, say sight or hearing, the neurons 
constituting that particular system do 
not develop biochemically, although 
their structure appears entirely normal. 
The deprived nerve cells are more or 
less empty bags, impoverished in both 
RNA and proteins. 

Conversely we find that when a sen­
sory or motor nerve center is stimulated 
within physiological limits, its individual 
nerve cells show an increased content 
of RNA, proteins and lipids. This in­
creased production begins immediately 
when the level of stimulation is increased 
and reverses within hours when it is 
decreased. To study such changes in con­
tent of the large vestibular cells, which 
help an organism to maintain its equi­
librium, we trained rats to balance on 
a metal thread strung at an angle of 45 
degrees. After an hour of this exercise, 
spread over four days, the RNA content 
of vestibular nerve cells increased from 
an average of 650 micro micrograms per 
cell to 730 micromicrograms. If the ani­
mal became exhausted, the RNA con­
tent fell below normal, but the level 
could be restored by rest. If the cell is 
damaged, however-by a strong sound, 
radiation, virus attack or pOison-the 
RNA content becomes exceedingly low 
and the cell may not recover. 

What happens to the glial cells when 
a nerve system is stimulated? To answer 
this question we stimulated the vestibu­
lar system in more than 100 rabbits by 
mild rotation at 30 revolutions per min­
ute, 25 minutes a day for a week. We 
then analyzed the large Deiters' nerve 
cells and the surrounding glial cells in 
these experimental animals and in a com­
parable number of controls. In general 
we found that the biochemical changes 
in the glial cells are the opposite of those 
in the nerve cells [see illustrations on 
page 70] .Whereas the RNA content of 
the nerve cells increased by about 5 per 
cent, that of the glial cells fell by about 
30 per cent. At the same time the cyto­
chrome oxidase activity of the nerve 
cells rose by about 50 per cent and 
that of the glial cells fell by about 70 • 
per cent. 

In spite of the opposite response ob­
served in the two types of cell, it can 
be shown that the changes are not in 
one-to-one correspondence. In other 

LIGHT 

MEASUREMENT OF PROTEINS AND LIPIDS in single nerve cells is hased on the capacity 

of individual atoms of carhon, oxygen and nitrogen to absorb X rays. The analysis begins 

with a microradiograph of the dried cell (top). A scanner (bottom) measures the density of 

each of 12,000 areas in the photograph. A computer converts density into values for "total 

organic mass," which are typed out for each area. By repeating the analysis after the lipids 

have been extracted from the specimen, proteins and lipids can be calculated separately. 
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ENZYME ACTIVITY OF BRAIN CELLS is measured with a tiny Cartesian diver, a device 

that floats underwater. A single living nerve cell (or glial mass) is placed in the diver, 

together with chemicals that the cell can oxidize by metabolic processes. As the cell ahsorbs 

oxygen from an air bubble in the diver, the diver's density increases and it slowly sinks. The 

rate of sinking is observed and provides an extremely precise measure of enzyme activity. 
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LOCATION OF RNA IN NERVE CELL is revealed by dark areas in this micrograph made 

by ultraviolet light. The capacity of RNA to absorb ultraviolet radiation of certain wave· 

lengths provides the hasis for extremely sensitive microanalytic methods (see below). 

MICRO DROPS CONTAINING RNA, extracted by the method illustrated on page 65, pro· 

duced this ultraviolet micrograph. The circular pattern at upper right is a density scale. 

RNA COMPOSITION is indicated by the four dark regions in the ultraviolet micrograph 

(top) made by the method illustrated on page 66. The curve (bottom) is a photometric 

plot of these regions; the peaks stand for adenine, guanine, cytosine and uracil respectively. 
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words, there is probably no direct trans· 
fer of enzymes from glia to nerve cell. 
Yet it is obvious that glial cell and neuron 
are energetically linked together. 

This past summer, at the International 
Congress of Biochemistry in Moscow, my 
colleague Joseph T. Cummins and I re­
ported on experiments that begin to 
throw light on the nature of this link. We 
find, in brief, that the nerve cell is rich 
in the energy-carrying substance ATP 
and that the glia are poor in ATP. When 
we look for the enzyme adenosine tri­
phosphatase (ATP-ase), which releases 
the energy in ATP, we find it present in 
the glia but not on the surface of the 
nerve cell membrane. Inside the mem­
brane, however, there is a good deal of 
ATP-ase, and it seems to be of a distinct­
ly different type from that in the glia. 

How can these findings be interpret­
ed? We suggest the following picture. In 
the glia there exists an active ATP-ase 
that is able to release energy for the 
transport of nutritional materials from 
the blood capillaries to the surface of 
the neuron. These materials are then 
transported through the membrane and 
into the nerve cell by the activity of the 
ATP-ase residing directly inside the 
nerve membrane. This ATP-ase seems 
capable of transporting a wide variety 
of substances across the membrane. 

�t us now see how one could frame a 
hypothesis relating the transient and 

dissolving patterns of the nerve's elec­
trical activity with the neurochemical 
studies revealing a high rate of RNA 
production and protein synthesis within 
the nerve. The electric currents that 
propagate nerve impulses are produced 
by the movement of sodium and potas­
sium ions across the membrane of the 
axon, the long fiber extending from the 
cell body. As the nerve impulse passes 
a given point, sodium ions flow into the 
axon; an instant later, in the wake of the 
impulse, potassium ions briefly flow out. 
In the resting state of the axon an 
energy-requiring mechanism continuous­
ly pumps sodium out of the axon and 
potassium into it, creating the conditions 
necessary for the propagation of a nerve 
impulse. One may postulate, therefore, 
that RNA is required, in the first place, 
to provide the enzymes (proteins) need­
ed to operate the sodium-potassium 
pump. 

The second role of RNA is much 
more speculative and I offer it only to 
stimulate further discussion. Most neuro­
physiologists would admit that a satis­
factory explanation of memory is lack­
ing. The memory capacity of the human 
brain is prodigious. Although it is im-
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possible to make an accurate estimate, 
it is not unreasonable to expect that in 
a lifetime the brain stores 1015 bits of 
information. (Here "bit" means the 
smallest possible quantity of informa­
tion.) Even this figure represents only 
a tiny fraction of the total number of 
nerve impulses that travel through the 
nervous system in a lifetime. When one 
is awake, something on the order of three 
billion impulses per second-two billion 
provided by the visual system alone­
are generated in the nervous system. 

In the complex structure of RNA, and 
in the many permutations permitted by 
the rearrangement of its four bases, one 
has a molecular substance that in princi­
ple could encode 1015 or more bits of 
information. The steps by which a pat­
tern of nerve impulses is translated into 
an RNA molecular code providing a basis 
for memory could be as follows. 

As a first step we can imagine that 
the internal electrochemical environ­
ment of the nerve cell can be sensitively 
altered by the pattern of nerve impulses 
entering the cell. Slight changes in this 
environment could determine the stabil­
ity of one or more of the four bases at 
a given site on a pre-existing RNA 
molecule. A given impulse pattern could 
therefore make a base from the sur­
rounding pool replace a base whose 
link to the molecule had been weakened. 
The changed sequence would then re­
main. This new RNA molecule, although 
differing from the original at only one 
pOint, would direct the synthesis of a 
protein molecule differing slightly but 
significantly from that previously pro-

duced by the cell. This is step two of 
the hypothetical process. 

We conjecture further that the protein 
has the property of responding to the 
same electrical pattern that created the 
RNA. The protein's response is to dis­
sociate rapidly and so provide a molec­
ular fragment that will react with a 
complementary molecule already pres­
ent in the cell. The result of this reac­
tion is to cause the explosive release of 
the so-called transmitter substance at 
the synapse where the nerve cell makes 
contact with the next cell in the neuronal 
chain. The explosion of the transmitter 
substance (possibly an explosion pat­
terned in time) allows the electrical pat-

tern to bridge the synapse and be passed 
along by the second cell, then by a third 
and so on. 

According to this hypothesis a nerve 
cell responds differently depending on 
whether an incoming pattern of impulses 
is a new one or a familiar one. If the 
pattern is a new one, none of the pro­
tein molecules present in the cell will 
have the proper configuration to dis­
sociate in response to the pattern. The 
electrical pattern must first shape a new 
RNA molecule, which will then shape a 
protein molecule capable of dissociat­
ing and thereby triggering off transmis­
sion across a synapse. If the incoming 
impulses have a familiar pattern, how-

TOTAL ORGANIC MASS OF NERVE CELL is calculated from 

its opacity to X rays of certain wavelengths, using the method illus­

trated at top right on page 67. The microradiograph (left) shows 

a large nerve cell magnified 800 diameters. A photometric device 

divides the X-ray picture into 12,000 equal areas and measures 

the density of each. A computer converts these density values into 

values from 00 to 99 representing "total organic mass," which are 

then typed out automatically in a large table (right), over which 

the outline of the original cell can be drawn to show mass 

distribution. The method can also indicate proteins and lipids. 
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ever, protein molecules will already be 
present that can dissociate very rapidly. 
These "sensitive" protein molecules are 
perpetuated within the cell, presumably 
throughout most of a lifetime, by unique­
ly patterned RNA molecules, which, in 
their turn, are "descended" from RNA 
shaped by some early patten'! of im­
pulses. Each cell may perpetuate within 
itself an enormous number of unique pat­
terns of RNA and protein. Conceivably a 
giant molecule of RNA or protein could 
accommodate along its great length 
many different patterns shaped by dif­
ferent impulse patterns. One can also 
surmise that the same patterns must be 
laid down and preserved in all the nerve 

1,650 

cells-by the thousands and millions­
that have to co-operate in producing the 
complex behavior we observe in our­
selves and in other organisms. This dif­
fuse and multiple storage of memory 
"records" would account for the well­
established observation that memory is 
not destroyed by the removal of large 
sections of the brain. 

How the organism gains access to 
these stored records is a separate and 
baffling problem. The difficulty probably 
lies in our inability to imagine how many 
neurons are involved in recognizing and 
recording the simplest item of informa­
tion. The shape of a triangle, for exam­
ple, could hardly be recorded in a single 

20,000 

--- 19,000 

configuration of RNA and protein, but 
would have to be represented, if storage 
is molecular, by a multiplicity of coded 
molecules at every step in the visual sys­
tem extending from the retina to multi­
ple projection areas in the cerebral cor­
tex. 

I should emphasize again that all this 
is highly speculative and may be quite 
mistaken. The important lesson of neuro­
chemical research is that the rich electri­
cal activity of the nervous system is 
paralleled by an equally rich chemical 
activity. We will not make much prog­
ress in understanding how our brains 
work until we know how the two forms 
of activity are related. 
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EFFECT OF SENSORY STIMULATION on the nerve and glial 

cells in the vestibular region of the brains of rabbits is depicted in 

this set of charts. The stimulation consisted of placing the rabbits 

on a rocking turntable 25 minutes a day for a week. Vestibular 

cells from these rabbits ,vere then compared with similar cells 
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from control animals. Values obtained from the controls provide 

the initial levels at the left of each chart; values from the 

stimulated animals provide the seven·day values at right. Nerve 

cells are indicated by colored lines, glial cells by black. The 

collaboration signified by these results is discussed in the text. 
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__ Kodak reports on: 
hopes stirred by an artificial duck . • •  new personal monitoring film, very sensitive • •• 
faraway warm spots 

8mm audio�visuals 

© Wah Disney Productions 

On Sunday evening, September 24th, a 
new associate of ours named Walt 
Disney broadcasted from 168 tele­
vision stations a film called "Math­
magicland." It featured an artificial 
duck he owns named Donald. The film 
illustrated the mathematical unity of 
nature and man, while the duck 
quacked in order to reassure 20,000,000 
viewers that there is no harm in such a 
discussion. Some pre-teens among the 
20,000,000 may have gone off to math 
class the next morning with an attitude 
that may eventually show up as a slight 
upsurge in doctorates conferred by 
American universities in June, 1974. 

Lots of kids who were too young for 
"Donald in Mathmagicland" this fall 
will be ready for it next year in the 
classroom. With the skill and re­
sources of a Disney, movies can teach 
conic sections as easily as pie-throwing. 
Movie-makers with lesser resources 
and less abstract subjects can also 
teach laudably. This is hardly news 
any more. What bothers the classroom 
teacher a little about 16mm movies is 
how to get the one she wants when she 
wants it instead of seven weeks later. 
Nobody is to blame. Very few school 
systems are rich enough to buy as 
many prints of a film on photosyn­
thesis as there are classes in the system 
studying photosynthesis at the same 
point in the school year. 

A remedy is just rising over the 
horizon. Its first rays spell out Kodak 
Sound 8 Projector. This projects 8mm 
movies with commentary from a mag­
netic sound stripe on the film. 

The greatly reduced cost and bulk 
of 8mm film and equipment are what 
got home movies off the ground. The 
vast improvement in sharpness and 
color fidelity in the 8mm Kodachrome 
II Film introduced this year is making 
movies really soar as entertainment in 
the home. In the schoolroom it looks 
as though 8mm sound movies are 

about to have an effect comparable to 
the impact of the paperback on the 
book business. The teacher will be able 
to handle a teaching film more like a 
weekly magazine and less like a ship­
ment of gold bullion. Remember when 
librarians were more intent on collect­
ing 2¢ fines than on luring patrons into 
the library? 

Keep your eye and ear on 8mm audio­
visuals. If thinking of producing some your­
self, you are welcome to talk it over with 
Advisor on Non-Theatrical Films, Eastman 
Kodak Company, Rochester 4, N. Y. 

Down with the administrative dose 
Two little packets of film are extracted 
from a factory-fresh carton. One is 
locked away in a clean safe. The other 
is worn by a worker in the vicinity of 
ionizing radiation. After a month the 
two are processed together. Both turn 
out equally blank. A good densitome­
ter discloses no difference in their op­
tical densities. What can be inferred 
about the quantity of ionizing radia­
tion the worker has absorbed? 

Anybody who draws the obvious 
conclusion has failed fully to engage 
his brain cells in thought. The answer 
to the question depends on the sensi­
tivity of the film. Once that is known, 
one can say how much of a dose the 
worker has probably had less than. 

Social ethics in advanced countries 
require the assumption that the worker 
has actually had that much radiation. 
This is known as the "administrative" 
dose. Records are kept as in a bank. 
When administrative and physical 
doses add up to a critical figure, the 
worker is shifted to a different job. He 
may habitually spend every Saturday 
night cruising the center line of a busy 
highway at 80 m.p.h. Nevertheless, the 
critical figure assumes that he wants to 
live forever and become the progenitor 
of an infinite line of biologically per­
fect descendants. Pressure to squeeze it 
down will never let up, we hope. 

Without relaxation of solicitude, we 
have taken steps to cut down the waste 
of his job experience. By reducing the 
administrative dose (which is the only 
kind of radiation dose he really ought 
ever to get on the job), we can keep 
him in his slot longer. It is within our 
power. All we have to do is make more 
sensitive film. This we have now done. 
It is called Kodak Personal Monitoring 
Film, Type 3. 

The packet it comes in also includes 

This Is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a IIHle 

revenue from those whose work has something to do with science 

a piece of low-sensitivity film. Its sensi­
tivity is so low that it can measure 
1800 roentgens, a horrible thought. 
The lower limit of dose measurement 
for the high-sensitivity film in the 
packet runs somewhere below 10 milli­
roentgens. Its precise determination 
depends on such a complexity of fac­
tors that we won't try to explain it here. 

If interested, prepare yourself by study­
ing pp. 10-53 to 10-75 of Radiation Hy­
giene Handbook (McCraw-Hill Book 
Company, Inc., 1959). Then bring your 
knowledge up to date by requesting a data 
sheet on Kodak Personal Monitoring Film, 
Type 3 from Eastman Kodak Company, 
Special Sensitized Products Division, Roch­
ester 4, N. Y. Be impressed with the fact 
that the boys who built this film have just 
finished measuring the dose to which a re­
cent Discoverer satellite exposed itself in 
its travels. It's no administrative dose. 

SO winking lights 

This infrared scanning head contains a 
line of 50 gas-discharge lamps that 
wink in correspondence to infrared 
radiation imaged by a IO-inch-aperture 
1/0.76 Schmidt system on a 50-element 
linear array of Kodak Ektron De­
tectors. While the image is oscillated 
across the line of detectors, the line of 
lamps is effectively swept in synchro­
nism across the visual field of the 
beholder. He sees a picture of a 20° 
chunk of the infrared environment for 
search and track of objects differing in 
temperature from the background by a 
number of degrees that is determined 
by which of several types of inter­
changeable detector arrays happens to 
be in place. The instrument is also 
useful in another mode of operation 
with multi-channel oscillographs for 
radiometry of faraway warm spots. 

For further information write Eastman 
Kodak Company, Advanced 
Planning Croup, Apparatus 
and Optical Division, 
Rochester 4, N. Y. 
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Gyro drift 
testing 
beyond the 
state of the 
art with 
MIDARM* 

MIDARM brings capabilities be­
yond the state of the art to 
vital areas of gyro drift meas­

urement and inertial system evalua­
tion. 

Basically, MID ARM is a general­
purpose, exclusively optical, dynamic 
angular measurement system charac­
terized by wide-angle, high-resolution 
autocollimation, utilizing a diffrac­
tion grating reticule. 

Hyper-precision, high-speed response, 
and direct adaptability to closed-loop 
control enhance application to preci­
sion rate tables and centrifuges. 

MID ARM can check dynamic rates 
instantaneously to an accuracy of 
0.01 arc sec. per second of time, and 
to an accuracy of O.OOOI°/hr. in less 
than one minute of time. 

MIDARM was delivered May 1961, 
to the Guidance and Control Division 
of NASA's George C. Marshall Space 
Flight Center, Huntsville, Alabama. 
NASA officials described it as a "ma­
jor accomplishment" having "capa­
bilities beyond the state of the art". 
This is excerpted from a press release 
issued by the Guidance and Control 
Division of the NASA Marshall 
Center. 

Please write for complete details. 
*Micro Dynamic Angle and Rate Monitor :,::·:·�R·:·::::· 

· �DO� 
LABORATORIES, INC. 

• 77 TWELFTH AVENUE. NEWARK 3, N. J. 
. . ....••.•.••......•...........•.• 
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A Hundred Million More 

W
ith an explosion at the end of 
October estimated at 57 mega­
tons the U.S.S.R. brought to 

about 100 megatons the energy released 
in its latest series of nuclear-weapons 
tests (the energy equals the output of 
100 million tons of TNT). The total of 
air explosions by all countries prior to 
the present Soviet series is estimated at 
170 megatons, approximately two-thirds 
of which was set off by the U.S. and 
Britain and one-third by the U.S.S.R. 
Although it is now responsible for well 
over half the energy released in nuclear­
weapons tests, the Soviet Union still 
trails in the number of individual det­
onations: the U.S. has carried out about 
170 and the U.S.S.R. about 100. 

In all pre-1961 tests, an average of 
50 per cent of the yield of so-called ther­
monuclear devices came from fission 
reactions. (The devices are actually 
fission-fusion-fission bombs, in which 
a small fission charge triggers a thermo­
nuclear reaction, which in turn sets off 
another fission explosion in a surround­
ing blanket of material.) Following the 
first tests in the latest series, measure­
ments of the amount and kind of con­
tamination in the lower atmosphere 
were said to indicate about the same 
proportion. Most of the fallout, however, 
will come from the two largest explo­
sions-some 30 and 50 megatons. If these 
too were 50 per cent fission, the U.S.S.R. 
will have injected 60 per cent as much 
radioactivity into the atmosphere in two 
months as had been put there during all 
the rest of the atomic age. If, as some 
observers think likely, the Russians have 

SCIENCE ANI 
succeeded in increasing the fusion-to­
fission ratio in their high-yield devices, 
the explosions will turn out to be some­
what cleaner and the fallout correspond­
ingly lower. 

The U.S. Public Health Service has 
said it does not expect "dangerous" levels 
of fallout radiation from the tests, al­
though the levels might occasionally 
re,�ch "Range Two"-a newly established 
classification that calls for checks in the 
amount of radioactive materials entering 
the human food chain. One official esti­
mated that the strontium 90 in the bones 
of children in the Northern Hemisphere 
might increase 50 per cent, but that the 
amount will remain comfortably below 
the currently accepted "maximum per­
missible cQncentration." 

Elsewhere, particularly in countries 
nearer the high latitudes where the ex­
plosion took place, reaction was sharper. 
Before the big explosion the Scandina­
vian countries had set up emergency 
monitoring networks. Norway had in­
stalled radioactivity warning sirens; 
Britain and the Netherlands were storing 
food, especially dried milk; the Japanese 
rushed to harvest fruits and vegetables. 
At the United Nations, Canada's Secre­
tary of State for External Affairs, 
Howard C. Green, announced that after 
the Soviet tests in September radiation 
counts in Toronto were up 1,000-fold. 
"The time has come," he told the Gen­
eral Assembly, "when it is not sufficient 
merely to express concern and record 
blame. We must find a means of com­
pelling the countries responsible to 
cease the testing of nuclear weapons." 
The French physicist Frances Perrin 
said that fallout from the 50-megaton 
weapon could kill 10,000 persons over 
the next 30 years. 

The Nobel Prizes 

The 1961 Nobel prize in physics was 
shared by Robert Hofstadter of Stan­

ford University and Rudolf L. Moss­
bauer, now at the California Institute of 
Technology. Hofstadter won his award 
for studies of the size and internal struc­
ture of the atomic nucleus and its com­
ponent parts: protons and neutrons [see 
"The Atomic Nucleus," by Robert Hof­
stadter; SCIENTIFIC AMERICAN, July, 
1956]. Using the large linear accelerator 
at Stanford as a "microscope," Hofstad-
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ter and his group directed its electron 
beam at nuclei and at protons and neu­
trons, and observed the patterns in 
which the bombarding particles were 
scattered. From these patterns they were 
able to determine the structure of the 
target. For some years, while the maxi­
mum energy of their machine was about 
600 million electron volts, they concen­
trated chiefly on nuclei, which were 
shown to have a dense core and to be­
come fuzzy toward the outside. Later 
the beam energy was increased to a bil­
lion electron volts, giving it a resolving 
power sufficient for a detailed study of 
individual protons and neutrons. They 
have been found to consist of several 
concentric clouds of mesons. 

Miissbauer's prize-winning work was 
published in 1958, when the physicist 
was 29, as a doctoral dissertation at the 
Munich Institute of Technology. He 
found a way to tap the almost perfectly 
constant frequency of the gamma radia­
tion from excited atomic nuclei [see 
"The Miissbauer Effect," by Sergio De 
Benedetti; SCIENTIFIC AMERICAN, April, 
1960]. The frequency of any radiation 
depends on the energy of its photons, or 
quantum units. In the case of gamma 
rays the energy is derived from transi­
tions between nuclear energy levels, and 
these are precisely the same for nuclei 
of a given species. In an ordinary gamma 
emitter, however, some of the available 
energy goes into recoil of the nuclei that 
send out photons; the amount varies 
from one nucleus to the next, depending 
on thermal motion. By locking nuclei of 
excited iridium in a crystal lattice and 
cooling it to the temperature of liquid 
air, Mossbauer virtually eliminated re­
coil and produced a beam of photons of 
practically identical energy and fre­
quency. The frequency was constant to 
about one part in 100 billion, as demon­
strated by observation of the rays in a 
second iridium crystal. Within a year of 
the discovery physicists in many labora­
tories were applying it to a wide range 
of experiments of previously undreamed­
of accuracy. One of these provided the 
first unequivocal demonstration of the 
"gravitational red shift" predicted by 
the general theory of relativity. It was 
shown that the frequency of gamma rays 
decreases when they move upward 
against the earth's gravitational field, 
and increases when they "fal!." 

High Voltage Engineering Cor­
poration particle accelerators pro­
vide high-energy nuclear radia­
tions - ionizing electrons, x-rays, 
positive ions and neutrons -
essentially at the end of a pipe, in 
controlled energies and intensities 
for practical industrial application. 

Today, these machine-produced 
radiations are being used for re­
search in nuclear chemistry and 
physics ... sensitive trace analyses 

for research 

engineering 

production 

of chemical elements . . . non­
destructive evaluation of reactor 
components and solid-fueled rock­
ets ... modification of semiconduc­
tor properties ... production-line 
sterilization of surgical products 
... polymerization and cross-link­
ing of plastic films and insulations. 
The potential uses of .accelerator 
radiations are unlimited to the 
man who recognizes it as a new 
form of energy. 

RADIATION SERVICE FACILITIES are 
available for experimental or production work 
in electron-beam irradiation, activation analysis 
and positive-ion and neutron research. Send for 
new bulletins. 

Reliability from experience with more than 250 particle accelerators In the field 

HIGH VOLTAGE ENGINEERING 
aURLINGTON, MA$SA�HUSETT8. U. S.A. 

APPLIE'D RADIATION CORPORATION 

HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 
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Industrial 
Airbrasive 

® 

Unit 
It may seem a Scrooge-like trick to slice up this Christmas decoration, 
but we think you will agree that it is a good demonstration of the 
ability of the Industrial Airbrasive Unit to cut fragile, brittle materials. 

This unique tool is doing jobs that were up to now thought impos­
sible. A precise jet of abrasive particles, gas-propelled through a small, 
easy-to-use nozzle, cuts or abrades a wide variety of materials such as 
germanium, fragile crystals, glass, oxides, ceramics, and many others. 

Use it to make cuts as fine as .008" . . . or remove surface coatings 

without affecting base material ... wire-strip potentiometers ... deburr 
precision parts ... adjust printed circuits ... in the laboratory or on an 
automated production line. 

Important too: the cost is low ... for under $1,000 you can set 
up your own Airbrasive cutting unit! 

Send us your most difficult samples and 
lie will lest them lor you. 

SEND FOR 
BULLETIN 5705A 
••• complete informatioIl, 

New dual Model 01 

1095 

S.S. WHITE INDUSTRIAL DIVISION • Dept. SA .10 East 40th Street, New YDrk 16, N. Y. 
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The prize in chemistl'y went to :-'1elvin 
Calvin of the University of California 
for elucidating the chemical pathways 
by which carbon is assimilated in photo­
synthesis [see "Progress in Photosyn­
thesis," by Eugene 1. Rabinowitch; SCI­
ENTIFIC AMERICAN, November, 1953], 
For more than 10 years he and his col­
leagues have been studying the growth 
of the green alga Chlarella, analyzing its 
incorporation of carbon dioxide labeled 
with radioactive carbon. By interrupting 
the process at intervals the California 
chemists have been able to extract and 
identify the short-lived intermediate 
compounds that eventually combine to 
make carbohydrates and other sub­
stances. Recently Calvin's group has 
found that starches and sugars are by no 
means the only primary products of 
photosynthesis. A substantial fraction of 
incoming carbon is converted directly, 
and with the help of light energy, to 
protein and probably to a number of 
other materials as well. 

The prize in physiology and medicine 
was awarded to Georg von Bekesy, 
senior research fellow in psychophysics 
at Harvard University. Von Bekesy was 
cited for "his discoveries concerning the 
physical mechanisms of stimulation 
within the cochlea." The announcement 
added: "There is hardly any problem 
concerning the physical mechanics of 
acoustic stimulation to which von Bekesy 
has not added clarity and understanding 
and this applies even to those cases in 
which the primary discoveries have been 
made by others." One of the chief fruits 
of von Bekesy's work was an understand­
ing of how the ear discriminates pitch. 
When he began his studies, it was gen­
erally supposed that the basilar mem­
brane of the inner ear contained groups 
of fibers "tuned" to vibrate in sympathy 
with sounds of different frequency and 
that the groups stimulated different 
nerve endings. Von Bekesy showed that 
the entire basilar membrane vibrates 
when sound waves strike the ear, but 
that each tone causes maximal vibration 
in a different area of the membrane; this, 
he found, is the source of the differing 
nerve signals that the brain interprets as 
pitch [see "The Ear," by Georg von 
Bekesy; SCIENTIFIC AMERICAN; August, 
1957]. Von Bekesy was born in Hun­
gary, where he began his career as a 
telephone engineer. 

Project Haystack 

M ore than two weeks after they had 
been put into orbit the controver­

sial needles of Project West Ford hacl 
failed to show up on raclar. If the tiny 
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Optical Craftsman 

Sine Wave Analyzing Bench 

ANNULAR APERTURE WITH 
SPHERICAL ABERRATION AND DEFOCUSING 
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Knowledge is 
of two kinds 

We know a subject ourselves, or we 
know where we can find information upon it. 

- SAMUEL JOHNSON 

S ince the beginning of recorded history, man's ability 
to store and retrieve information has paced his progress. 
Today man's volume of information is developing at an 
exponential rate, in thousands of forms and languages. 
However, lacking the means to store, collect, catalog, 
and retrieve it quickly and simply - much of this infor­
mation is useless. 

I tek Laboratories, the research division of I tek Corpo­
ration, is dedicated to making this information available 
for use. At Itek Laboratories scientists, engineers, and 
craftsmen from over 20 scientific disciplines blend their 
skills to discover, develop and adapt new systems and 
methods which will allow other men to transform infor­
mation into knowledge. 

Optics 
The Optical Department, as a critical part of Itek 

Laboratories' research and development efforts in the 
new industry of Information Technology, is given the 
su pport of the Laboratories' fullest resources, including 
some of the world's most advanced optical equipment 
and a modern, rewarding working environment. Appli­
cations of previously developed equipment have ranged 
from high-resolution camera systems for reconnaissance 
to desk-top size information storage and display systems. 

Opportunity to join our Optical Department is ex­
tended to men with the following qualifications: 

Optical Engineers with an advanced degree in Optics 
or Physics, experience in geometric lens design and 
knowledge of automatic computers and procedures. 

Optical Craftsmen with experience in either optical 
testing, optical assembly or optical fabrication. These 
positions require knowledge of advanced techniques 
gained in work on extremely precise lenses developed to 
the closest optical tolerances. 

We invite you to discuss these and other careers avail­
able at Itek Laboratories. 

Itek 
Itek Laboratories 

Louis S. Rudzinsky 

Technical Placement Director 
Itek Laboratories 

10 Maguire Road 

Lexington, Massachusetts 

"An equal opportunity employer"" 
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Tomorrow's tubing technology-today 

Superior's Profile in Nuclear-Quality Tubing 
Superior's profile in atomic energy applications 
began to form in the early 1940s ... continued to 
develop during World War II ... and reached matu· 
rity through the 1950s. During this time we supplied 
many million feet of high reliability, close tolerance 
tubing for most of the military and commercial reac· 
tors produced. There are a number of important 
reasons for the widespread acceptance of Superior's 

small·diameter tubing-custom·tailored to reactor designs. 

We offer nuclear·quality tubing in Types 304, 304L, 316, 347 and 348 stainless 
steel; also in Inconell nickel·chromium alloy, Zircaloy 2,2 and Zircaloy 4,2 colum· 

- bium and 1 % zirconium-columbium alloy with closely controlled chemical com­
position. We use only selected high-quality hollows to insure greater uniformity 
in the drawn tube. Ultrasonic inspection is employed to check the wall dimensions 
over the entire length of the hollow when required. 

We hold ovality and ID to much closer tolerances than those of standard mechan­
ical tubing and check them by air gage inspection. We have produced fuel element 
tubing with an ID of .298 in. to tolerance of ±.0005 in. and held a wall of 
.0 21 in. to ±5 % . 

We can supply cut lengths with square cut ends held within close tolerances. 
These capabilities permit us to offer fuel element tubing ready for pellet loading. 
And we perform the following nondestructive tests on request: boroscopic, eddy 
current, ultrasonic, autoclave corrosion, and helium leak. 

If you need nuclear-quality heat exchanger or fuel element tubing, consult 
Superior. Write us and let us know your specific requirements and ask for a copy 
of Superior Specifications on nuclear-quality tubing and nondestructive testing. 
Superior Tube Company, 205 2 Germantown Ave., Norristown, Pa. 
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1Reg. TM International Nickel Co. 
2Reg. TM westinghouse Electric Corp. 

SUp�!f!!:.!l!.�e ® 
NORRISTOWN, PA. 

West Coast: Pacific Tube Company, Los Angeles, California 

wires had escaped from their containers 
as planned, they should have spread out 
enough to produce a detectable radar re­
Bection in a day or two. The wires had 
been expected eventually to form a thin 
belt around the earth, which would serve 
as a reBector for high-frequency radio 
communication over long distances. The 
experiment is being conducted for the 
Air Force by the Lincoln Laboratory 
of the Massachusetts Institute of Tech­
nology. 

Although the project had the advance 
blessing of a special panel of the Presi­
dent's Science Advisory Committee, the 
launching occasioned protests from a 
number of astronomers. Sir Bernard 
Lovell, director of Britain's Jodrell Bank 
Radio Observatory, said the plan "does 
not represent a scientific experiment" but 
is "devised by U.S. military scientists 
and intended to provide a secure means 
of military communication. " While ac­
cepting the U. S. committee's finding that 
the wires sent up in the first test would 
not interfere with radio or visual astron­
omy, Lovell declared that "the con­
tamination of space in this manner for 
communications purposes cannot possi­
bly be justified in view of the satellites 
and other means now available for long­
distance communication, which can be 
made secure from enemy action. " 

In a policy statement last summer the 
U.S. Government gave assurance that 
"no further launching of orbiting dipoles 
will be planned until after the results 
of the West Ford experiment have been 
analyzed and evaluated. The findings 
and conclusions of foreign and domestic 
scientists . . .  should be carefully consid­
ered. " Nevertheless, Lovell expressed 
the fear that a successful outcome would 
lead to further launchings "and the posi­
tion will deteriorate rapidly. " 

Among the astronomers who went on 
record against the experiment are Mar­
tin Ryle of the University of Cambridge, 
Harold F. Weaver of the University of 
California, Jan H. Oort of the Nether­
lands, who is president of the Interna­
tional Astronomical Union, K. A. Thernoe 
of Denmark, Guglielmo Righini of Italy 
and Fred Hoyle of England. 

�entory Afolecules 

I t has recently been suggested that 
memory may consist of information 

coded in giant molecules of ribonucleic 
acid (RNA), which are preserved by 
replication within the cells of the nerv­
ous system [see "Satellite Cells in the 
Nervous System," by Holger Hyden, 
page 62]. A test lending support to this 
hypothesis has been reported by W. C. 
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ANACONDA COMMENTS • • • 

new facts about copper - man's oldest metal 
No.3 of a series 

SPECIAL REPORT: 

New facility will probe for 
more new facts about copper 
Anaconda American Brass metallurgical research and laboratory divisions have 
moved to a new Research and Technical Center in Waterbury, Connecticut. 
Working together, scientists and engineers will apply concentrated effort to 
two basic goals: (1) The discovery of new copper alloys having combinations 
of properties not inherent in existing 
alloys, (2) The development of more in­
formation about copper and its alloys 
and new ways to use them. 

A Thumbnail Tour 
The Anaconda Research and Technical 
Center contains 50,000 square feet of 
floor space. Auditorium, technical library, 
and administrative offices occupy two 
floors; while laboratories and test facili­
ties are housed on three adjoining floors. 

constituents inherent in X-ray spectro­
scopy techniques. 

This combined analytical technique­
which makes a complete determination 
of major and trace elements in only three 
minutes, whereas hours are required for 
wet chemical analysis-has been useful 
in developing improved properties o f  
existing alloys. For example, Anaconda 
Free Cutting Brass-271-with a permis­
sible copper range of 60 to 63% and a lead 
range of 2.5 to 3.7% (ASTM B 16-60)-

was rapidly tailored to meet specific 
machinability, ductility and other me­
chanical-property requirements by con­
trolling these elements to small incre­
ments within the permissible limits and 
by controlled mill processing for desired 
variations in alpha or alpha-beta grain 
structure. 

The new instrumentation technique is 
now projected for production-line use 
after several years of thorough investiga­
tion and experimentation. Anaconda 
predicts this process will provide an ideal 
method for rapid-fire quality control. 

Well Rounded 
The new building, and the diversified 
research activities occurring within, 
round out Anaconda's ability to provide 
copper metals and production techniques 
for current and future applications. A 
question about how Anaconda copper can 
go to work for your company? Contact: 
Anaconda American Brass Company, 
Waterbury 20, Connecticut. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ontario. 

Physical metallurgical equipment, on 
the first floor, includes: machine shop 
facilities for preparation of specimens; 
apparatus for tests involving welding, 
casting, pickling, X-ray diffraction, elec­
tron metallography, electronics, elevated 
temperatures, and cryogenics. Chemical 
metallurgical research equipment, on the 
second floor, includes: apparatus for tests 
involving coating, finishing, corrosion re­
sistance, and performance in adverse 
environments. Central chemical labora­
tory equipment,  on the third floor, 
includes: apparatus for metallography 
and spectroscopy testing, product control 
tests and chemical analysis, specimen 
preparation, and special tests for cus­
tomers in areas of fuels, lubricants, and 
other nonmetallic materials. 

Value analysis and Anaconda Copper 
build a better air-break switch jaw 

One Important Project 
Anaconda scientists, making immediate 
use of these facilities, are now developing 
an advanced high-speed metallurgical-

control analysis method, which combines 
techniques of X-ray and Direct-Reading 
Emission Spectroscopy. 

The Anaconda research staff, which 
pioneered industrial direct-reading spec­
troscopy, has retained this method's 
precise determination of trace impurities 
and minor alloying elements . .. and 
added the rapid analysis of major alloy 

The trouble with beryllium copper, speci­
fied for the break jaw in the original 
Westinghouse V-2 air-break switch de­
sign, was in production. The jaw was 
hard to fabricate, demanding an assembly 
of beryllium copper components; the 
material was costly. Westinghouse probed 
the problem, and teamed up with Ana­
conda value analysts to find a solution. 

The Anaconda specialists, thoroughly 
familiar with the range of available 
electrical coppers and copper alloys, 
learned that spring and strength charac­
teristics of beryllium copper far exceeded 
operational requirements placed on the 
break jaw. They suggested a switch to 
AMZIRC®* (Zirconium Copper)-134, a 
less expensive alloy with superior electri­
cal properties and sufficient spring to 
assure proper contact with low operating 
effort. 

Using zirconium copper, Westinghouse 
engineers developed a one-piece, reverse­
loop jaw (see photo), which operates more 
effectively, fabricates more easily, and 
greatly improves the performance of the 
new V-2 air-break switch. In this appli­
cation, Westinghouse discovered that: 
zirconium copper provides high electrical 
conductivity-90 to 95% lACS; zirco­
nium copper, before heat treatment, is 
easy to machine and cold form; zirconium 
copper after heat treatment, exhibits ex­
cellent mechanical properties-50,000 psi 
tensile strength, 45,000 psi yield strength 
at 0.2% offset, and 25% elongation in 
2 inches. 

Value analysis is one more way in 

Break jaws o f  new Westinghouse V·2 air­
break switch. formed with Anaconda 
zirconium copper rod. Fabrication process 
includes machining. brazing silver inserts, 
bending and age hardening pieces at 
400-425°C for two hours to impart high 
mechanical properties. 

which Anaconda is helping designers im­
prove product quality and reduce product 
cost-through the use of today's coppers. 
For technical assistance with your metal 
selection problem, write:  Anaconda 
American Brass Company, Waterbury 
20, Connecticut. 61-992 

*Registered trademark of American Metal Climax. 
Inc. 

ANACOND� 
AMERICAN BRASS COMPANY 
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ideas you can use in 
working with bearings 

A bearing which has become magne­
tized will attract stray metallic par­
ticles which can work their way on to 
raceways or balls with disastrous 
effects on bearing performance. Al­
though all New Hampshire bearings 
are carefully demagnetized before final 
washing and packaging, it is possible 
for them to be re-magnetized during 
shipment if they are placed in strong 
magnetic fields. A good precaution is 
to perform final demagnetization be­
fore installing bearings in their final 
assemblies. 

�---SRO 

The linear speed with which bearing 
balls roll along the raceways is an 
important factor affecting bearing life, 
running noise, vibration and lubrica­
tion requirements. If, in selecting a 
bearing, the fundamental specifica­
tions have been satisfied and there is 
still a choice of size, a logical selection 
would be one with the lowest ball roIl­
ing speed. The chart above shows ball 
rolling distance (8, ) per revolution for 
some New Hampshire bearings. 8, x 
.00139 x bearing rpm = ball rolling 
speed in ft./sec. 

12187-1 
t .312� 

Double row bearings offer a relatively 
simple and economical solution to a 
problem found in some applications 
where single bearings cannot provide 
sufficient stability under radial load­
ing . .They provide double row stability 
yet can be conveniently assembled as 
single units. Applications include 
those involving cam followers, pulleys 
and potentiometer spindle assemblies 
where shaft runout is not tight. 

Instrument sub-assemblies, complete 
with precision fitted miniature or in­
strument ball bearings can be pro­
vided by the Rotassembly Division at 
New Hampshire. In this separate fa­
cility, assemblies including bearings, 
shafts, housings and pulleys are pro­
duced to your designs, to New Hamp­
shire precision standards and shipped 
to you inspected, tested and ready to 
install. Manufacture is restricted, e.g., 
we are not qualified to produce gearing 
or electrical components. 

150-page Design and Purchas­
ing Manual is the most com­
prehensive treatise on minia­
ture and instrument ball 
bearings published. Qualified 
design and specifications engi­
neers, and procurement spe­
cialists, are welcome to a copy. 

The design, manufacture and application of 
miniature and instrument ball bearings, 
because of the size and precision involved, 
constitute a distinct and specialized tech­
nology. At New Hampshire Ball Bearings, 
this technology has developed over a period 
of ten years into a standard line of over 600 
bearing types and sizes and a fund of appli­
cation knowledge in practically every area 
concerned with precision rotation. 

Because this is a dynamic technology, New 
Hampshire maintains a staff of factory and 
regional field engineers whose primary func­
tion is to provide component and system 
designers with the latest information on 
bearing design and application. 

NEWZ 
HAMPSHIRE BALL BEARINGS, INC. 

PETERBOROUGH, N. H. 
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Corning and Erwin R. John of the Cen­
ter for Brain Research at the University 
of Rochester. 

The two investigators based their ex­
periment on the fact that planarians, or 
flatworms, can be conditioned to make 
a simple response to a stimulus, and that 
when a flatworm is cut in two, the head 
end grows a new tail and the tail end a 
new head. Moreover, when a condi­
tioned planarian is cut in two, the con­
ditioned response is "remembered" by 
both of the regenerated organisms. Evi­
dently some memory of the response is 
transmitted to the tail of the planarian 
before it is cut in two, and this memory 
is then transmitted back to the new 
head as it regenerates. 

To see if the transmitting substance 
could be RNA, Corning and John con­
ditioned planarians to avoid a light and 
divided them into two groups. Planarians 
in one group were cut in half and al­
lowed to regenerate normally in pond 
water. Those in the second group were 
cut in half and placed in pond water 
containing a small amount of the enzyme 
ribonuclease. Since this enzyme breaks 
down RNA, it should presumably inter­
fere with the passage of intact RNA to 
the regenerating portion of the severed 
organism. 

In a careful series of tests Corning 
and John found that the conditioned re­
sponse was indeed "forgotten" by the 
tails that regenerated new heads in 
the presence of ribonuclease. However, 
heads that regenerated new tails in the 
presence of ribonuclease retained their 
conditioning. In other words, the mem­
ory trace preserved in the head section 
was unaffected by ribonuclease, but that 
in the tail section could no longer be 
transmitted back to a new head, where 
it is e�idently needed if the planarian is 
to recall its conditioning. Although the 
tests do not prove that the conditioning 
is stored in RNA, they are consistent 
with that hypothesis. 

Light Pipes for Color Vision? 

The long history of research in color 
vision has been marked by a signal 

failure: the inability to locate in the 
human (or other mammalian) eye phys­
iological or biochemical elements that 
react in such a way as to distinguish dif­
ferent colors. Now Jay M. Enoch, a phys­
iologist at the Washington University 
School of Medicine, has found that col­
ors are differentiated in a simple, physi­
cal way during the passage of light 
through the cones, the color-vision ele­
ments of the retina. 

Enoch mounted sections of retina with 

© 1961 SCIENTIFIC AMERICAN, INC



1 Under SOX m a g n i­
fication, rigid Glid­

foam shows myriad of 
individual fully sealed 
'airtight cells which give 
this moisture-resistant 
plastic its low density 
of only 2.0 Ibs./cu. ft. 

FROZEN FOODS STAY 
SMACKING·GOOD IN 
TRAILERS WITH 
BU BBLE·FI LLED WALLS 

A liquid plastic that expands and solidifies into a rigid foam 

full of tiny bubble cells is helping manufacturers build "reefers" that 

haul frozen foods at QOF, even across Death Valley at high noon. 

By developing a practical way of combining urethane polymer with 

a fluorinated hydrocarbon blowing agent, Glidden chemists have 

made high-efficiency insulating foam readily available to the transportation 

and food handling industries. 

Glidfoam®, product of Glidden research, is poured into the walls 

of refrigerated trucks, trailers and railroad cars. It quickly 

expands to form an airtight solid barrier to heat transfer. Glidden 

experience with resins and chemicals makes possible Glidfoam recipes 

which assure desired foam generation, cell size, and aging characteristics. 

2 Glidden chemists formulate 
custom reci pes of resi n, cata­

lysts, blowing agents, and surfac­
tant, to meet the spe::ific flow and 
foaming requirements of each 
Glidden application ... reefer 
bodies, pallatized containers and 
commercial freezers. 

3 This transparent mold, simu­
lating double-wall trailer con­

struction, shows how Glidfoam, 
p u mped as a t w o-c o m p o n e n t  
liquid, solidifies into a homoge­
neous bubble-filled rigid foam of 
uniform density with no shrinkage 
at successive pour "knit lines." 

4 On a reefer-trailer production line, 
the temporary form has been removed 

from the trailer interior for final inspec­
tion of the poured Glidfoam after setting. 
Note that Glidfoam is a sturdy, self­
supporting, continuous, thermal barrier 
that cannot vibrate down and leave unin­
sulated heat paths at the trailer roof-line. 

If your product requires a finish, a coating or a resin, 

Glidden is ready to work with you. To obtain the formulation 

best suited to your product and application methods, write or phone: 

. GLIDDEN 
THE GLIDDEN COMPANY . COATING S AND RESINS DIVISION 

900 UNION COMMERCE BUILDING . CLEVELAND 14, OHIO 
In Canada: The Glidden Company, Ltd., Toronto, OntariO 
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How to keep a herd from stampeding 
A restless herd can stampede at the night cry 
of a wolf. Likewise, a mounting accumulation 
of data in a fast-changing strategic or tactical 
military situation can stampede efforts at com­
mand and control. 

That's why UNIVAC@ was asked to develop 
the ANjUSQ-20 or 1206 Military Computer. 
This system, "heart" of the new Naval Tactical 
Data System (NTDS), processes all incoming 
information, offers decisions, and coordinates 
all weapons of an entire navy task force in a 
combat environment. 

This compact unit, covering less floor space 
than two file cabinets, is the most capable 
digital computer of its size ever built. It's rug­
gedized against the effects of shock, vibration, 
temperature, humidity and salt air. UNIVAC 
scientists and engineers also created more than 
20 pieces of sophisticated peripheral and com­
munication equipment to help the system do 
its complex job. 

If you have a herd that is restless, talk to 
UNIVAC. Our experienced team can create a 
complete system to keep things under control. 
We're pioneers. 

First with mobile ruggedized systems • • .  UNIVAC 
DIVISION OF SPERRY RANO CORPORATION 
Military Dept. Univac Park St. Paul, Minn. 

REGIONAL OFFICES: 
WASHINGTON, D.C.-2121 Wise. Ave. NW (FE 8-8510). BOSTON-1776 Mass. Ave., lexington (VO 2-2650). DAYTON-2Q N. Jefferson (SA 4-(755). LOS ANGELES-6363 Wilshire Blvd. (Ol3·3975) 
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cones (obtained from patients undergo­
ing eye surgery) in a chamber resem­
bling the eye socket, arranging the ap­
paratus so that he could examine the 
retina from behind with a microscope. 
Illuminating the cones with white light 
and examining the image on the retina, 
he found that different cones transmitted 
light of different colors. 

Discussing the experiment in the Jour­
nal of the Optical Society of America, 
Enoch points to more than one mecha­
nism that could account for the differ­
ences in color transmission. All depend 
on the fact that cones are tiny "light 
pipes," or fiber optics: like other trans­
parent substances with a high index of 
refraction, they can "pipe" light along 
their length [see "Fiber Optics," by 
Narinder S. Kapany; SCIENTIFIC AMERI­
CAN, November, 1960]. The diameter of 
the cones is very small-in the neighbor­
hood of one micron (twice the wave­
length of visible light). Fibers this thin 
show marked differences in the way they 
transmit light of different wavelengths 
(colors). A fiber with a given index of 
refraction and given length and diameter 
transmits light of one wavelength while 
letting most of the light of other wave­
lengths leak out through the side. More­
over, another mode of light transmission, 
called wave-guide transmission because 
it resembles the transmission of radio 
microwaves in wave guides, comes into 
play in fibers a micron in diameter. In 
wave-guide transmission reinforcement 
and interference effects occur among the 
'
different wavelengths of white light. The 
net effect is to deliver "modal" patterns, 
characteristic for light of each color, at 
the end of the fiber. 

Whatever the mechanism or combina­
tion of mechanisms that acts in the 
cones, the result is a separation of light 
paths in the eye on the basis of color. 
How the rest of the organ makes use of 
this separation remains to be learned. 

Synthetic Messenger 

Two biochemists at the National Insti-
tutes of Health have produced new 

evidence that the hereditary instructions 
for the synthesis of proteins in living 
cells are carried by a "messenger� RNA 
(ribonucleic acid). Marshall W. Niren­
berg and J. Heinrich Matthaei have also 
been able to substitute a simplified syn­
thetic messenger for the natural product. 
This has provided a start toward deciph­
ering the code in which the genetic mes­
sage is written. 

A wide variety of experiments has 
now made it clear that the master plan 
for protein synthesis is contained in the 

THE MONJ:TORJ:NG OF THE SEA 
Beep ... Beep ... Beep ... these are the sounds that report on what's 

going on down there! That's the job of Sonar, the deep-water eyes and 

ears of our Navy's anti-submarine ships. 

"Active" Sonar monitors by transmitting a directional, low frequency sub­

sonic wave through surrounding water until it "touches" a reflecting object. 
Enormous energy is poured out through the transducer, which also functions 

to pick up the echo. After conversion by data processing equipment, these 

echos can be interpreted on a scope. 

Sangamo has been a prime supplier of Sonar to the U. S. Navy for more 

than 20 years. Closely identified with the coordinated Sonar research 

program, the company has combined progressive executive planning, im­

aginative engineering, and skilled workmanship to produce the most ad­

vanced Sonar gear used by the fleet. Here is Sangamo's most striking example 

of responsibility in depth ... the development and production of complex 

Sonar systems which integrate the highest abilities of the electrical, me­

chanical and acoustical fields. 

Sangamo has many capabilities which could serve you. One or more of 

them may be the answer to a problem of yours. May we talk about it? 

The Six Sides of Sangamo 
FOUNDED t899 

Write for our brochure "Facts and Facilities" 

SANGAMO ELECTRIC COMPANY, Springfield, Illinois 

ill Electrical Measurement 
• Electronic Systems 
ill Electronic and Power Capacitors 
ill Electromechanical Controls 
ill Inductive Components 
ill Underwater Acoustics 
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G ETTING I N FORMATION FROM O N E  

PLACE T O  ANOTH ER-for commu­

nication or control between people and 

(or) machines - has been a job pulses 

have been doing very well for quite a few 

years. Lately, more sources have had more 

and more to say in the same or less time, 

so it's only natural that pulse trains have 

been getting increasingly crowded and 

travelling at higher and higher speeds. If 

your problem is  in this area - trying to 

perform a control or communications 

function with several hundred pulses per 

secon d - we can probably help you. We 

have been making a well -proven, pulse­

repeating relay which operates dependa­

bly at speeds up to 500 pulses per second, 

that can do more to reshape weak and 

distorted signals into useful waveforms 

than any other relay we know of. (Modest, 

huh ?) We're even beginning to suspect 

that this veteran may have been a little 

ahead of its time when it was introduced 

in t 953 .  

If  your pulses start out  as beautiful square 

waves 

but suffer the consequences of di stributed 

constants, line losses, random noise and 

wholesale dissipation, they probably arrive 

for work at the receiving end looking 

something like this 

It takes an extremely sensitive relay to look 

at these little bumps as i f  they were nice 

square pulses. The Sigma Series 72 is  this 

sensitive, operating positively on as little 

as a fraction of a milliwatt. While your drive 

circuit probably provides several times 

this amount of coil signal to the relay, 

such high sensitivity nevertheless gives 

reliable operation and plenty of overdrive 

even if  input power becomes marginal: 

�- RHAY PULl·ON 
t---'----j 

8 2  

With the shrunken pulse amplitude prob­

lem now taken care of, the next question 

is  one of distortion at high operating 

speeds. With a 1/72 1/ ,  total operate time 

(break plus transfer) i s  typically 0.9 ms; 

contact bounce is  virtually non-existent 

b e c a u s e  of s p e cial  c o m pli ant ,  s h o c k ­

absorbing contact mounts; a n d  the relay 

is  symmetrical in operation - i n  both di­

rections there are equalities in trip points, 

speed of operation and travel. 

But since you're buying results and not 

slick design features, here is  what a 1/72 /1 
will do: ( 1 )  rarely, if ever, misinterpret 

even the most distorted pulse; (2) give 

high contact efficiency (max. dwell time) 
through rapid transfer and max. bounce 

of 50 microseconds 

m,(( (-) 

(3) won't introduce unsymmetrical re­

sponse and output (although you can turn 

a screw and deliberately introduce bias, 

to compensate for an unsymmetrical input) . 

Saying that you can have all this alld long 

life in  a compact, polarized relay may 

seem like stretching it a little, but a 1/72 · 
will dependably switch a 60 ma, t 20 VDC 
inductive load 500 million times, with 

correct drive circuit design and arc sup­

pression. When wearing parts do need 

maintenance, you can replace the contacts 

and armature yourseIf- a good instruc­

tion manual is  available. You can also buy 

a comprehensive test set if  you use many 

relays of this type and follow a regular 

adj ustment and maintenance program. For 

such work, the Sigma Test Set can be a 

very useful addition to your lab. 

A new bulletin on the "72 " is  now avail­

abl e on request; the relays have been 

tooled up and built in quantity since t 95 3 .  
Send us your weak a n d  weary pulses today, 

attention Pulse Reclamation and W ildlife 

Bureau. SIGMA INSTRUMENTS, INC., 
40 Pearl St., So. Braintree 85, Mass. 

deoxyribonucleic acid (DNA) of the cell 
nucleus, and that proteins are assembled 
in the ribosomes, small bodies outside 
the nucleus. The amino acid units that 
make up protein molecules are brought 
to the ribosomes by a special soluble 
form of RNA. In the past year or so it 
has been suggested that the ribosome is 
a general-purpose factory and that the 
templates on which proteins are assem­
bled are continually renewed by the he­
reditary material and transmitted to the 
ribosomes in the form of messenger RN A. 
The work of Nirenberg and Matthaei, 
reported in the Proceedings of the Na­
tional Academy of Sciences, seems to 
confirm this suggestion. 

Nirenberg and Matthaei prepared 
from the colon bacillus ( Escherichia 
coli ) a cell-free extract of ribosomes, 
enzymes and DNA. When they added a 
mixture of the 20 amino acids of which 
most proteins are composed, together 
with compounds to supply energy, they 
found that the extract manufactured 
protein from the raw materials. When 
the extract was treated with a DNA-de­
stroying enzyme, its synthetic activity 
was unimpaired for 20 minutes but then 
dropped sharply. This could mean that 
the first 20 minutes is occupied in finish­
ing the assembly of molecules begun in 
the intact cells, and that activity after 
that time depends on the production of 
new messenger RNA by DNA. 

Adding RNA obtained from the ribo­
somes of other colon bacilli greatly stim­
ulated the synthetic activity of the 
extract. When this additional template 
material was supplied, the destruction of 
DNA no longer inhibited the assimila­
tion of amino acid into protein. To 
demonstrate the nonspecific action of the 
ribosomes themselves Nirenberg and 
Matthaei tried adding template RNA 
from yeast cells and from tobacco mosaic 
virus and found that their colon bacillus 
extract manufactured protein at an in­
creased rate. Finally they substituted 
polyuridylic acid: a long-chain molecule 
consisting of repeating units of uridylic 
acid, one of the four bases that com­
prise natural RNA. This material proved 
to stimulate the production of poly­
phenylalanine : a short "protein " chain 
containing only units of the amino acid 
phenylalanine. Evidently the code for 
phenylalanine on the RNA template con­
sists of one unit of uridylic acid or of a 
consecutive sequence of such units. 

Nirenberg and Matthaei's preparation 
retains its activity after long periods of 
storage. This will greatly facilitate addi­
tional experiments. In the past, cell-free 
extracts have had to be made afresh for 
each experiment. 
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FULL SPEED AHEAD WITH T H E  B E N D I X  G-20 C O M PUTE R SYST E M  

The o l d  n a ut i c a l  term h a s  a new comput i n g  s ign i f ica nce, thanks  
to the  over- a l l  system speed of the B E N  D I X  G-20 .  Here i s  a 
modern , so l id · state comput ing  system whose h igh speed is not 
l i m ited by i n put/output o perat i o n s .  
B l e n d i n g  h i g h  computat i o n a l  s peeds with h i g h  i n p ut·output a n d  
tran sfer rates, the G · 2 0  e l i m i nates d a t a  h a n d l i n g  bott lenecks . . .  
a l l ows t h rough· put (the  f u l l  i n put·co m p ute·output cyc le) to occ u r  
at the maxi m u m  speeds of a l l  system com ponents.  Magnet ic  
tape  tran sfer occurs ,  for i n stance,  at 1 20 , 000 8 -b i t  cha racters 
per second - search i s  performed at twice that speed . Dou b l e  
trans i t ion  record i ng,  h i gh pac k i n g  dens ity, a n d  the  e l i m i nat ion  
of tape s kew errors with a u n iq u e  deskew i n g  b u ffer provide 
u n m atched tape system speed and rel i a b i l ity. 

Hel p i n g  the magnet ic  tape u n its assure i n put/output to m atch 
m a i n  f ra m e  speed i s  the B E N DIX Data Com m u n i cator,  a l lowi n g  
s i m u ltaneous transfer of data over as many a s  fou r  c h a n n e l s  a t  
1 20 , 000 c h a racters p e r  second eac h .  T h i s  s i m u l taneous ca pa­
b i l ity - p l u s  the rapid tape tran sfer rate - c uts convent i o n a l  
sort i n g  a n d  f i l e  m a i ntenance t i mes i n  h a l f  . . .  provi d es a n  effec­
t ive transfer rate of 480,000 cha racters per seco n d .  
That ' s  w h y ,  w i t h  the Bend ix  G·20 ,  you r  s c i e n t i f i c ,  e n g i n ee r i n g ,  
or bus i ness d a t a  p rocess i n g  can move " fu l l  speed ahead . "  
I nvest igate t h e  ca pa b i l i t ies of t h e  proven G · 2 0  c o m puter. Write 
for B u l l et i n  BSP-056 1 1 . 

Bendix Computer Division 
DEPT. C·36 L.O$ ANGELES 45, CAL IFORN IA 
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C O R  P 0 R A T  I O N  
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THE EOTVOS EXPERIMENT 

Around 1900 a Hungarian baron conducted exquIsIte lneasurements 

to demonstrate that all bodies fall at precisely the same rate. His result, 

crucial to the general theory of relativity, has no\v been confirmed 

S
ome 350 years ago Galileo Galilei 

performed one of the most famous 
experiments in the history of sci­

ence. From a "high tower" in Pis a (not 
necessarily the famous Leaning Tower) 
he dropped weights of wood and lead 
to determine their rate of fall. He con­
cluded from this and other experiments, 
as well as from logical reasoning, that 
but for air resistance all bodies fall with 
the same acceleration. The constancy of 
gravitational acceleration was tested 
many times thereafter, culminating in 
the extraordinarily precise experiments 
made between 1889 and 1908 by Baron 
Roland von Eiitviis of Hungary. 

The date of these experiments has led 
some physicists to believe that Eiitviis' 
work had a decisive influence on Albert 
Einstein as he was formulating his gen­
eral theory of relativity between 1908 
and 1915. The fact is, as Einstein wrote 
in 1934, he "had no serious doubts about 
[the constancy of gravitational accelera­
tion] even without knowing the results 
of the admirable experiments of Eiitviis, 
which-if my memory is right-I only 
came to know later." Nevertheless, it is 
entirely accurate to say that if the re­
sults of the Eiitvos experiments had been 
anything but negative, every physicist 
would have heard the astonishing news 
within days and the whole foundation on 
which the general theory of relativity 
rests would have vanished before the 
theory had been conceived. 

It follows that any experiment capa­
ble of testing the constancy of gravita­
tional acceleration with higher accuracy 
than that achieved by Eiitviis would 
provide a fundamental test of Einstein's 
theory. The apparatus used by Eiitviis 
tested the constancy with an accuracy of 
five parts in 109 (five parts in a billion) . 
I shall deseribe a new experiment, still 
in process in our laboratory at Princeton 
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by R. H. Dicke 

University, in which the accuracy of the 
experiment has been improved substan­
tially, with further improvement still 
possible. I shall also discuss the signifi­
cance of the experiment for contempo­
rary physics. 

Pi.. the old Galilean ex�eriment is com-
monly descnbed, It IS not always 

made clear that two fundamental ques­
tions are involved. First, do objects of 
different mass fall at the same rate? 
Second, do objects of different composi­
tion fall at the same rate? It is primarily 
the second question that concerns us 
here. One could make a crude Galilean 
test of this question by dropping a 
wooden ball and a hollow lead ball of 
the same weight and external dimen­
sions. (The object of making the two 
balls the same size is to equalize air fric­
tion and thus obviate the need for a 
vacuum chamber for the test.) From the 
experiment one would learn if carbon 
and oxygen (the chief constituents of 
wood) respond to gravity in the same 
fashion as lead, even though the nuclei 
of carbon and oxygen atoms contain 
equal numbers of neutrons and protons 
and the nucleus of the lead atom con­
tains 50 per cent more neutrons than 
protons. 

At least four important conclusions 
could be drawn from an experiment 
showing that objects accelerate equally 
regardless of composition. First, that sin­
gle neutrons and hydrogen atoms (or 
electron-proton pairs) would be expect­
ed to fall with the same acceleration. 
Second, that the strong nuclear forces 
that bind the nucleus of the atom to­
gether, although quantitatively different 
in light elements and in heavy elements, 
have no effect on acceleration. Third, 
that the greater electrostatic energy asso­
ciated with the nuclei of heavy elements 

has no effect. Fourth, that the veloci­
ties of electrons occupying the inner 
shells of heavy elements, although high­
er than those in light elements, have no 
effect on gravitational acceleration. 

Although Eiitviis made his investi­
gations long before the complex nature 
of the atom was known, he was evi­
dently aware of the importance of work­
ing with different materials. Among 
the substances he tested were brass, 
glass, cork, snakewood, copper, water 
and platinum. 

R oland von Eiitviis was born in Buda-
pest on July 27, 1848; he was the 

son of Baron J6zsef von V'1sarosnemeny 
Eiitviis, a writer and statesman. At 21 
the young Eiitviis went to the University 
of Heidelberg, where he studied physiCS 
under Hermann von Helmholtz and 
Gustav Kirchhoff and chemistry under 
Robert Bunsen. His early experiments 
dealt broadly with molecular phenom­
ena; it was not until 1889, at the age 
of 41, that he published the first of his 
famous papers on gravitation. We can 
only wonder what made him enter a field 
so different from that in which he had 
worked for so long. 

After this initial investigation Eiitviis 
used modifications of his original ap­
paratus to investigate the distribution 
of mass in mountain ranges. For this 
work he is remembered by geophysicists. 
Then, using a sensitive instrument he 
had developed for his geophysical stud­
ies, Eiitviis repeated his first fundamental 
experiment on gravitation. A paper de­
scribing this work won for Eiitviis the Be­
necke Prize awarded by the University 
of Giittingen in 1909. For some reason 
the paper was not formally published 
until 1922, three years after his death. In 
1935 J. Renner of Hungary repeated the 
Eiitviis experiment using the baron's old 
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NEW "EOTVOS" EXPERIMENT, being conducted by the author 
and his colleagues, uses the arrangement of three weights shown at 

left and also on the cover of this issue. The two similar weights are 

copper; the third weight, sealed in a glass flask, is lead chloride. 

The triangle is quartz. During the experiment tbe triangle and 

weights are suspended inside the high.vacuum chamber at right, 

which is sealed belowground (see illustration on page 94). The 

principle of the experiment is diagramed on pages 88 and 89. 
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apparatus and claimed to have improved 
on the accuracy of the work. 

The principal instrument used by 
Eotvos was extremely simple [see illus­
tration on opposite pagel. It consisted 
of a light horizontal beam, 40 centimeters 
long, suspended by a thin platinum-iridi­
um wire. Attached to the ends of the 
beam were two weights, one of them 
suspended 20 centimeters lower than the 
other. Although this conflguration was 
useful for measuring small gravitational 
gradients in geophysical work, it made 
his fundamental experiment more diffi­
cult. 

The principle used by Eotvos in his 
most accurate experiments can be visu­
alized by imagining a weight suspended 
from a plumb line. In a rotating co­
ordinate system, where the earth appears 
to be at rest, the mass can be thought of 
as being acted on by two forces: the 
gravitational attraction causing the mass 
to fall toward the center of the earth and 
the centrifugal force-a form of inertial 
force-tending to throw the mass out­
ward [see bottom illustration on this 
pagel. If weights of different composi­
tion are used, will the plumb line always 
hang in precisely the same direction, 

thereby indicating a strict proportional­
ity between these two different kinds of 
force? 

In the actual experiment the beam 
supporting the two masses was lined up 
facing east and west. Any small differ­
ence in the proportionality between 
gravitational and inertial forces would 
produce a torque on the beam, making 
it rotate. Since Eotvos could detect no 
rotation that could be clearly attributed 
to a lack of proportionality, regardles.s 
of the substance he tested, he reported a 
null result within the limits of accuracy 
of his experiment. (In a few of his ex-

EARLY GRAVITY EXPERIMENTS were performed by dropping 

weights (Galileo's famous experiment was not tbe first of its 

kind) or by observing the period of pendulums. Two pendulums of 

the same length should swing in synchrony regardless of the na­

ture of the suspended masses. Isaac Newton observed the pe-

riods of pendulums supporting many different substances to show 

that all reacted in the same fashion to the force of gravitation. 

In the diagrams the broken lines inside the colored circles indio 

cate that a dense substance, such as lead, has been hollowed out 

to make it equal in mass to a lighter substance (gray circles). 

EOTVOS EXPERIMENT, performed in two series, first in 1889 
and again in 1908, demonstrated the constancy of gravitational 

acceleration with great accuracy. Eotvos observed the effect on 

a torsion balance when two weights affixed to a beam were acted 

on simultaneously by two forces: the gravitational force of the 
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earth and the centrifugal force created by the earth's rotation. Con· 

ceivably two masses of different composition might react differently 

to these two forces and produce a torque resulting in a slight rota· 

tion of the balance. By observing the balance in different 

orientations Eotvos verified that no significant rotation took place. 
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periments Eotvos used a version of the 
experimental arrangement, to be de­
scribed later, that we have adopted in I 
our Princeton study.) 

In order to duplicate Eotvos' accuracy 
by dropping weights in a tall vacuum 
chamber having a height equal to that 
of the Leaning Tower of Pisa, one would 
have to be able to time the fall of the 
weights with an accuracy of a hundred­
millionth of a second. 

I t remained for Einstein to perceive a 
profound meaning in the constancy of 

gravitational acceleration. By coinci­
dence his fresh insight dates from the 
very year-1908-in which Eotvos was 
carrying out his prize-winning experi­
ments. Einstein reasoned that if sub­
stances of all kinds experience the same 
gravitational acceleration, then the ac­
celeration could be regarded as charac­
teristic of the physical space in which the 
matter is falling rather than of the matter 
itself. 

Einstein proposed, therefore, that the 
gravitational acceleration be interpreted 
as a purely geometrical effect and that 
the trajectories of falling bodies be re­
garded as geometrical curves imposed 
on them by the "curvature" of space. 
Since a falling body moves in both space 
and time, its trajectory is defined by four 
variables, three of space and one of time. 
The resulting trajectorv is a curve in 
four-dimensional space-time. 

The curvature of a four-dimensional 
space-time can be most easilv grasped by 
analogy with familiar two-dimensional 
surfaces. Whatever the shape of the sur­
face, there is a way to connect two points 
with a shortest line or, more correctly, a 
line whose length is an "extremum." 
Such lines are defined as geodesics. On 
the earth geodeSic lines yield the "great 
circle" courses followed by ships and 
aircraft-courses that usually look curved 
when drawn on flat maps. On a spherical 
surface a geodesic is formed by a plane 
that intersects the center of the sphere 
and the two points on the sphere that one 
wishes to connect. 

In the Einstein view four-dimensional 
space is pictured as uncurved or Euclid­
ean only in the absence of matter. The 
presence of a massive object such as the 
sun has the effect of warping the sur­
rounding space in such a way that plan­
ets move around the sun on "natural" 
paths, which are geodesic lines for space 
of that particular curvature. The curved 
space around the sun or other star is 
merely a local fluctuation in the much 
gentler curvature produced by all the 

��I ____ - VERTICAL ADJUSTMENT 

���L----ROTATIONAL ADJUSTMENT 

__ --- AIR SPACE 

.W,.-----SUSPENSION WIRE 

MIRROR 

EOTVOS APPARATUS consisted of a light horizontal beam suspended by a thin platinum­
iridium wire. Attached to the beam were two weights, one suspended 20 centimeters below 

the other-an arrangement that only increased the difficulty of the experiment. Any small 

rotation of the beam could be observed by viewing a calibrated scale through a telescope. 
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stars in a galaxy, and the curvature in the 
neighborhood of a galaxy is again a local 
fluctuation in the over-all curvature of 
the universe. 

Einstein assumed that meter bars and 
clocks had such properties that they 
could be used to establish the same 
geodesic curves as those produced by the 
trajectories of freely falling bodies. It is 
implicit in this assumption that a plati­
num meter bar would hold the "same" 
length and an accurate clock would keep 
the "same" time no matter where they 
were placed in the universe. In modern 
examinations of distant objects the meter 
bar and clock are replaced by atomic 
measuring sticks and atomic clocks. If 
we· follow Einstein, we assume that 
atoms in the remotest galaxy are of the 
same size and radiate light at the same 
frequencies as atoms on the earth or in 
the sun. This assumption of Einstein's 
is in effect a definition of the units of 
length and time everywhere in the uni­
verse, and so long as the definition is 
unambiguous there is much to be said 
for its adoption. 

Unfortunately there is always room 
for ambiguity to creep in. For example, 
the unit of length could be taken as the 
diameter of the hydrogen atom, radius 
of the helium nucleus, wavelength of 
the electron or perhaps as the "gravita­
tional radius" of an elementary particle, 
This last value can be defined as the radi­
us of an electrically charged elementary 
particle considered to be gravitationally 
held together against the electrical 
forces tending to disrupt it. It is a very 
small number, about 10-33 centimeter. 
If the ratios of these various lengths to 
one another should vary at different 
space-time points in the universe, we 
would be perplexed as to which should 
be a standard measure. Each of the pos­
sible choices would lead to a different 
geometrical picture of space. 

The consequences of ambiguity in 
selection of standards of length and time 
can be illustrated by a simple example. 
Let us imagine a surface inhabited by 
two races of men, the Flatlanders and 
the Roundlanders. The Roundlanders 
note that they and the Flatlanders are 
the same size only when they are at one 
particular point on the surface. As the 
Flatlanders move away from that point 
in any direction they are affected (so the 
Roundlanders think) by some mysterious 
field of force that makes them grow 
smaller and smaller. To the Flatlanders, 
who of course sense no change in their 
own size, the Loundlanders seem to 
grow steadily taller as they move away 
from the same point. The matter is made 
the more puzzling because each race can 
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show that its own size remains constant 
as measured by its own yardsticks. 

What happens, then, when each sur­
veys the surface and plots geodesic lines? 
When the Roundlanders connect three 
points by geodesic lines, they find that 
the angles of the resultant triangle add 

up to more than 180 degrees; they 
conclude from this that they are living on 
a spherical surface [see top illustration on 
page 92] . The departure from 180 de­
grees enables them to compute the diam­
eter of the spherical surface on which 
they live. 

NEW TEST OF GRAVITATION, being conducted at Princeton University, attempts to 

learn whether or not there is any discrepancy in the rate at which masses of different com­

position fall toward the sun. In the idealized form of the experiment diagramed, two weights 

are suspended at the North Pole and revolve with the earth as it turns on its axis. At 

> 

6 AM. 12 NOON 
+3r---------------------------���-----------

+�--��----------------------+-------------

+1 �----------------���--------+_--------------

O �----------------------------���-------------

-1 �--------------------------------4_--------��� 

-2 r------------------------------------+----------------

-3� ___________ ______________ ___ _ __ 

HYPOTHETICAL POSITIVE RESULT of the author's experiment would lead to the 

asymmetry diagramed. The suspended weights, as viewed from above, are carried around 

in a full circle every 24 hours by the earth's rotation. If both weights experience the same 
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When the Flatlanders connect the 
same three points with geodesic lines, 
using their own yardsti-::ks, they obtain 
a very different sort of triangle [see bot­
tom illustmtion on page 92]. Observing 
that the angles of this triangle do add up 
to 180 degrees, the Flatlanders conclude 

they are living on a Bat surface. The les­
son to be learned from this story is that 
there is no absolute way to determine 
which of several possible measuring 
sticks is fixed and unchanging, that any 
of the sets may be regarded as the stand­
ards of length and that the geometry of 

the measured surface depends on the 
selection that has been made. 

T he Eiitviis experiment can tell us 
nothing directly about the suitability 

of our measuring sticks or clocks for con­
firming the geodesics traced out by fall-

"6 a.m." (left) , when the beam is perpendicular to a line drawn 

to the sun, the colored weight is being carried toward the sun 

by the earth's rotation. Twelve hours later (right) the same weight 

is being carried away from the sun. As a consequence, if the 

colored weight should tend to fall toward the sun faster than 

the other, it will alternately make the beam rotate slightly faster 

than the earth for 12 hours and then slightly slower for the next 

12 hours. This hypothetical positive result is illustrated below. 

6 P M 12 MIDNIGHT 6 AM. 
• 

� 
� 

I � 
----I � 

gravitational acceleration toward the sun, their rate of rotation 

will be absolutely uniform. If, however, one weight (color) should 

tend to fall slightly faster, it would speed up the rotation rate while 

it was being carried toward the sun (e.g., at "6 a.m.") and slow it 

down while being carried away from the sun (e.g., at "6 p.m."). 
In actual fact, no asymmetry has been observed in the rotation. 
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ing bodies in their movement through 
space. Indirect arguments based on the 
experiment, however, can be used to 
show that at least some of the units of 
length and time derived from the atom 
are suitable for this purpose. The argu­
ments used are general and powerful, 
but, like all powerful medicines, there is 
some small danger that although they are 
strong they are also wrong. 

One argument is based on the follow­
ing hypothetical situation. Suppose we 
carefully fabricate two objects from 
different materials to serve as standards 
of mass. In order to ascertain that they 
have the same mass we do not weigh 
them (since we want to avoid, for the 
present, a measurement dependent on 
gravitation) but we determine their iner­
tial mass by accelerating them with a 
force of standard strength. We add or 
remove material until both masses reach 
the same velocity when accelerated by 
the same force. We can then say that 
both have the same inertial mass. Let us 
then raise the two bodies to a new posi­
tion-say to the top of a building-and 
again compare their masses by accelera­
tion. Now, to continue the hypothesis, 
let us imagine that the inertial masses 
are no longer equal; one has increased. 

COPPER WEIGHT 

OSCIllATOR 

Inasmuch as mass and energy are 
equivalent, we conclude that for one 
body to have gained mass it must have 
gained internal energy. Indeed, we know 
that even a small change in mass repre­
sents an enormous amount of energy. 
This implies in turn that a certain amount 
of work had to be done on the body, ei­
ther by the person who carried it to a 
higher position or by some external field 
of force (other than gravitational) , which 
put energy into the body while it was be­
ing raised. If the work were provided 
by the person, he would sense that the 
body felt anomalously heavy. As a direct 
result of this extra gravitational pull the 
body would fall anomalously fast if al­
lowed to drop. If, on the other hand, the 
work were provided by some mysterious 
new field of force capable of putting en­
ergy into the body as it was being raised, 
the person carrying it might not be able 
to sense a gain in weight. Moreover, in 
this case there need not be an anomalous 
increase in gravitational acceleration 
when the body is allowed to fall freely. 
The force field that had put energy into 
the body when it was being raised would 
remove it just as surreptitiously when 
it was falling. 

The best evidence that the first of 

PHASE 
DETECTOR � AMPLIfiER 

these strange events cannot take place 
is just the sort of experiment performed 
by Eotvos. At least within the regions of 
space occupied by the earth in circling 
the sun, the null result of the Eotvos ex­
periment assures us that gravitational ac­
celerations are very nearly constant, re­
gardless of the composition of the ob­
ject, and that only extremely tiny changes 
in inertial mass with height are possible. 
As for the possibility of a mysterious 
new force field, that has its own troubles. 
For such a field to act without being de­
tected by an Eotvos experiment it would 
have to have precisely the right strength 
for particles bound in all sorts of con­
figurations. 

Thus from the Eotvos experiment it 
seems reasonable to infer that any 
ordinary measuring stick or clock, in­
cluding atomic ones, is a suitable unit 
for determining the geometry of space. 
This is what was meant by saying that 
the arguments based on the Eotvos ex­
periment are powerful. 

On the other hand, one can suggest 
perfectly good clocks that are not neces­
sarily suitable for checking the geometry 
of space. One example of such a clock 
would be the orbital period of a satellite 
moving about an astronomical body. If 

• 

PHOTOCEll 

THE PRINCETON APPARATUS uses an electrooptical system 

to monitor and record any slight rotation in the suspended triangle, 

whether due to gravitation or some other disturbing force. One leg 

of the triangle is silvered so that it serves as a mirror in the optical 

system. A slit placed in the beam of a flashlight bulb is reflected 

by the mirror and is brought to a focus on a wire oscillating at 

3,000 cycles per second. Because of this oscillation the inten­

sity of the light striking the photocell varies with time. If the 

mirror turns slightly, the signal from the photocell changes and 

gives rise to a direct-current voltage, which, applied to the elec­

trodes, exerts a restoring force on one of the copper weights. The 

magnitude of this force is logged continuously on a strip recorder. 
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for any reason over a stretch of time the 
strength of the gravitational interaction 
(the gravitational coupling constant) 
were to weaken, the period of the satel­
lite would lengthen accordingly. Such a 
change in the gravitational constant 
would have no measurable effect on an 
atomic clock. 

As it happens, it is precisely the con­
stancy of the gravitational interaction 
that might most be questioned on theo­
retical grounds. It seems strange that 
the gravitational interaction is so exces­
sively weak when compared with the 
electrical and nuclear forces. The gravi­
tational interaction between the elec­
tron and the proton in a hydrogen atom 
is only about 10-40 (the fraction 1/1040) 
of the strength of the electrical interac­
tion between the two particles. Is such 
a curious number as 10-40 to be regarded 
as totally unre,lated to other dimension­
less numbers obtained from nature? 

DUlin.g the 1920's the English astrono­
mer Sir Arthur Eddington tried, with de­
batable success, to show that 10-40 could 
be derived from a complex theory. In 
1938 the English physicist P. A. M. 
Dirac pointed out that the age of the 
universe deduced from the recession rate 
of the galaxies can be expressed as a 
number whose magnitude is roughly 
1040-a number obtained by expressing 
10 billion years in units based on the 
length of time required for light to travel 
the diameter of an atomic nucleus. Not­
ing also that the universe out to its visible 
limits seems to contain about 1080 atoms, 
Dirac perceived that 1040 divided by 
1080 yields 10-4°. He suggests that as 
the universe grows older all three num­
bers would change in such a way as to 
make the gravitational value grow weak­
er, being inversely proportional to the 
age of the universe. 

More recently certain apparent diffi­
culties with the general theory of relativ­
ity having their origin in the concept of 
inertia have been traced to the assump­
tion of a constant gravitational interac­
tion. Carl Brans and I have proposed a 
modification of the general theory, simi­
lar to one proposed by the German phys­
icist Pascual Jordan some years ago, that 
is capable of treating inertial forces in 
a way consistent with what is called 
Mach's principle. (According to one in­
terpretation, this principle states that the 
inertial forces that act on objects in an 
accelerated laboratory-such as a labora­
tory on the earth-may be considered as 
gravitational forces generated by dis­
tant matter in the universe [see "Iner­
tia," by Dennis Sciama; SCIENTIFIC 
AMEIUCAN, February, 1957]. In our 

modification the gravitational interaction 
is a variable quantity. An Eotvos type of 
experiment can shed no light on such a 
deep-seated issue. The reason is that the 
gravitational force tending to hold the 
small masses of an Eotvos apparatus to­
gether are so extremely weak that the 
strength of the gravitational interaction 
could change appreciably from one loca­
tion to another without producing anom­
alous accelerations that could be de­
tected. 

But even granting this limitation, it 
seemed important to us that the 

Eotvos experiment should be repeated. 
For the past two years Robert V. Krot­
kov, Peter Roll, Barry Block, David 
Curott and I have been attempting to im­
prove on the old result using a new ap­
paratus at Princeton. We have been im­
pressed by how difficult it is to achieve 
accuracies on the order of a few parts 
in a billion. 

To begin with, we have redeSigned 
the experiment so that it contains its own 
built-in control measurement. In most of 
his work Eotvos compared the centrifu­
gal acceleration created by the earth's 
rotation with the earth's gravitational ac­
celeration. Because neither acceleration 
can be turned off, such an experiment is 
not a controlled one. In contrast, our ex­
periment depends on the acceleration of 
the earth-and earthbound objects-to­
ward the sun. What we do, in principle, 
is to suspend two weights on a beam so 
they fall freely toward the sun. Since 
the rotation of the earth on its axis 
causes the beam to turn through 360 
degrees every 24 hours, any hypothetical 
difference in gravitational acceleration 
experienced by the two weights would 
show up as an oscillation of the beam 
with a 24-hour period [see illustrations 
on pages 88 and 89]. 

In addition we have designed a wholly 
new type of apparatus. In the Eotvos 
instrument one weight hangs lower than 
the other. This serves no useful purpose 
and only makes the device sensitive to 
gravitational gradients. We were also 
rather startled to discover that if one 
pictures a hypothetical Baron von Eotvos 
seated at his apparatus, the calculated 
gravitational disturbance of the torsion 
balance created by the Baron's mass is 
at least 200 times his quoted probable 
error. Since he did not even mention this 
effect, we have no way of knowing how 
it was overcome. We assume that he 
must have stayed away from his in­
strument until it had come to rest and 
then moved in quickly to read the scale 
position before the instrument had 

Within our immediate experience a 
revolution has occurred in the an­
cient art of measurement. Less than 
15 years ago, the engineer had no 
tool for making most measure­
ments with an accuracy better than 
one part in 1,000. Then came the 
electronic counter and a new digital 
technique-a field in which Systron's 
key personnel were early partici­
pants. Now counting accuracy is 
one part in 10,000,000, four orders of 
magnitude higher. Such an advance 
is readily comprehended not only by 
engineers engaged in research and 
design, but by the business and in­
dustrial world which is making in­
creasing use of a machine fathered 
by the electronic counter-the digital 
data computer. 

Systron, a division of Systron­
Donner Corporation, specializes in 
applying digital techniques to a 
wide range of measuring problems 
- from ditch-digging to aerospace. 
Electronic counters, and similar 
equipment for such basic measure­
ments as frequency and time inter­
val are the backbone of this divi­
sio;'. Using these instruments, digital 
know-how, and any other appropri­
ate techniques, Systron builds sys­
tems for such diverse purposes as 
pre-flight checkout on the Saturn 
program, automatic classification of 
coils in a steel mill, and for soil com­
pression tests in dam construction. 
So versatile is this digital technique 
that a Systron counter is used by a 
major psychology clinic for measure­
ments essential to speech analysis. 

Systron's skills represent one side 
of a many-sided corporate capa­
bility. Through its Greenleaf and 
Donner divisions, Systron - Donner 
Corporation produces accelerom­
eters, gyroscopes, flight control de­
vices and analog computers. With 
this broad background in both dig­
ital and analog techniques, Systron­
Donner is uniquely equipped to 
assist the technical community 
in solving today's problems of 
measurement, design and control. 

...5Y5TRON -.JJONNER 
C?oy>� 

Concord, California 
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time to respond to the disturbing force. 
In the Princeton apparatus the sensi­

tivity to gravitational gradients is re­
duced in three ways. First, the weights 
are all at the same height. Second, in­
stead of two weights, there are three 
suspended from the corners of an equi-

, I 1 

lateral triangle; all the weights are about 
the same mass and two of the three are 
the same material. (Two are copper, the 
third is lead chloride.) This configura­
tion of weights is highly insensitive to 
gravitational gradients. The third im­
provement, which further minimizes 

j' ( ... \ ___ -----_-.1 
- , ...... -... --

- _ ... ' 

� 
GEODESICS DRAWN BY ROUNDLANDERS lead them to believe they dwell on a spheri· 

cal surface. Among other things they note that when they connect three points with short· 

est lines (geodesics) , the angles of the resulting triangle add up to more than 180 degrees. 

The Roundlanders (black figures) and their yardsticks are shown here to be of uniform 

size. Flatlanders (colored figures), who dwell on the same surface, are believed by the 

Roundlanders to grow smaller as they move away from what Roundlanders regard as their 

South Pole. The triangle that results when Flatlanders draw geodesics is shown below. 

GEODESICS DRAWN BY FLATLANDERS lead them to believe they dwell on a flat sur· 

face. They believe that as Roundlanders move away from a particular point ou this sur­

face they grow mysteriously larger. When Flatlanders draw a triangle with their geodesics, 

its angles add up to exactly 180 degrees. They could obtain this result even on a spherical sur­

face if they and their yardsticks were to grow smaller and smaller as they approached one 

of the poles. Geodesic curves drawn with such elastic yardsticks would be defined by planes 

passing through that "vanishing" pole and the two points to be connected. However, if a 

triangle formed by these geodesics were projected onto a flat surface, it would have a normal 

appearance-and Flatlanders similarly projected would be everywhere the same size. 
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gradients, is to make the triangle smalI­
about five centimeters on a side. 

Our next concem was to reduce the 
instrument's sensitivity to temperature. 
In order to reduce temperature gradients 
Eiitviis placed a triple shell of metal 
around the chamber containing the tor­
sion balance. The chamber itself, how­
ever, was filled with air at standard 
pressure, and one would expect this to 
produce slow convection currents even if 
the temperature difference in different 
parts of the apparatus were virtually 
unmeasurable. 

Convection difficulties can be elimi­
nated by reducing the pressure of the air 
in the chamber. But then a new thermal 
problem arises: in a partial vacuum air 
molecules can travel relatively long dis­
tances without striking other molecules. 
As a consequence, moving molecules can 
create a "wind" pressure when those 
leaving a warm surface are traveling fast­
er than those leaving a cooler one. For 
example, one can calculate that even 
if the air pressure had been reduced 
to 10-2 millimeter of mercury (or 
10-5 atmosphere) , a temperature dif­
ference of a millionth of a degree be­
tween walls on opposite sides of the 
weights would create air movements 
sufficient to spoil the accuracy claimed 
by Eiitviis for his experiment. 

I n our own experiment we have not 
only employed multiple-wall thermal 

radiation shields but have also sealed 
the freely suspended parts of the appa­
ratus in a high vacuum. The first experi­
ments were run at a pressure of about 
10-6 millimeter of mercury. In the lat­
est version of the vacuum chamber we 
hope to maintain a pressure of less than 
10-8 millimeter for months at a time. In 
addition to minimizing disturbances due 
to gas streaming, high-vacuum operation 
minimizes the random disturbances of 
the weights resulting from bombardment 
by individual gas molecules. 

Still another source of difficulty, fa­
miliar to Eiitviis, is magnetic contamina­
tion of the moving parts of the apparatus. 
Even small magnetic impurities wiII re­
sult in sizable torques produced by the 
earth's magnetic field. If one of the 
suspended weights in Eiitviis' apparatus 
contained a single strongly magnetized 
iron fragment weighing only a few 
millionths of a gram, it would produce 
a deflection in the balance 1,000 times 
greater than the probable error given 
by Eiitviis. He says that he overcame 
such troubles by canceling the earth's 
magnetic field, but he does not explain 
in detail how he did it or what criteria 
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he used to determine when the field 
was canceled. 

In our experiment it is only the di­
urnal variations in the magnetic field 
that are troublesome, not the total field, 
so magnetic contamination is less of a 
problem for us than for Eotvos. It was 
largely because of the magnetic problem, 
nevertheless, that we made two of our 
weights of copper, believing that in elec­
trolytically refined metal the magnetic 
contamination would be negligible. Un­
fortunately this proved not to be so. We 
found, however, that by proper heat­
treating, the contaminants could be put 
into solid solution and made harmless. 

An atom of copper contains 29 protons 
and 34 neutrons, which is about as Iow a 
ratio of neutrons to protons as in any ele­
ment except hydrogen. Since we wanted 
the third weight to have a high ratio of 
neutrons to protons we selected lead, in 
which the ratio is 125 to 82. We are 
using not the metal itself but lead chlo­
ride, because this compound can be 
highly refined by repeated crystalliza­
tion. As a final precaution we have in­
stalled two sensitive magnetometers 
next to our apparatus to monitor con­
tinuously the two horizontal components 
of the earth's magnetic field. From these 
records we can, if necessary, determine 
the magnitude of torques produced by 
magnetic disturbances. 

The ultimate limitation on the experi-
ment as performed by Eotvos was 

optical diffraction in the telescope he 
used to read the scale on his instrument. 
The probable error given by Eotvos and 
his colleagues corresponds to a 200th of 
the smallest scale division, and this rep­
resents, in turn, a 40th of the full width 
of the diffraction pattern of his telescope. 
This represents an accuracy for a single 
reading of a 20th of a scale division. 

In our apparatus the human observer 
is eliminated and with him the pOSSibili­
ty, which is not to be ignored, of personal 
bias. A combined electrooptical system 
continuously monitors the rotation angle 
of the suspended triangle and is able to 
determine (over an observation period 
of 10 seconds) any rotation amounting 
to about 10-7 degree of arc. One of 
the three weights is suspended between 
two electrodes, by means of which a 
very small torque can be applied elec­
trically to cancel any rotation that is 
detected. In other words, a feedback 
control system prevents the apparatus 
from rotating, and the torque required 
for this purpose is registered on a con­
tinuous recorder. The artificial damp­
ing provided by this system would be 

CAN THE OSCILLOSCOPE 

HELP YOU SOLVE YOUR 

MEASUREMENT PROBLEM? 

Using one of over (lfty Tektronix Oscilloscopes, a scientist can study 
any changing phenomena transducible to voltage or current. 
Perhaps you use this precision tool for your own research or development proj­

ects. Or, you may work with someone who does. In either instance, you will find 

the Tektronix booklet, FUNDAMENTALS OF SELECTING AND USING OSCILLO­
SCOPES, h ig h Iy informative. 

Illustration from the article. "Appraising Oscilloscope Specifications and Performance." 
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The booklet contains two technical articles. One article describes various facets 
of Geometry, Stability, Amplifier and Attenuator Response, other factors affecting 
the validity of oscilloscope measurements. The other article explains the sig­
nif�cance of such features as Scales and Sweeps . .. Magnification and Delay 

. .. Risetime and High-Frequency Response ... AC and DC 
Coupling, .. Triggering Level and Slope Selection ... Sweep 
Triggering and Synchronizing . , . and also designates the 
differences of such types as switched-input and dual-beam 
oscilloscopes .. , traveling-wave and distributed-deflection 
oscilloscopes ... curve-tracing and pulse-sampling oscillo­
scopes. 

For your copy of this Tektronix booklet, please mail the 
coupon or write to the address below. 

••••••••••••••••••••••••••••••••••• 
Tektronix, Inc. DEL. STA. 76-666 P.O. BOX 500 BEAVERTON, OREGON 
Gentlemen: 

Please send me a copy of the Tektronix booklet FUNDAMENTALS OF SELECTING AND 
USING OSCILLOSCOPES. 

Name __ ________________________ ________________________________ __ __ 

Company ______ _______________________________ __________________ ____ __ 

Address __ ______ __________________________________________ ________ ___ 
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essential in any case, because there 
is no air around the balance to provide 
natural damping. 

The whole apparatus is mounted at 
the bottom of a pit 12 feet deep not far 
from the Princeton football stadium. 
When an experiment is in progress, the 
top of the pit is sealed by a four-foot 
plug of thermal insulation. 

In an experiment lasting several 
months, whose results were analyzed this 
past summer, we found no significant 

rotation of the suspended weights. Sur­
prisingly, with all our modern techniques 
we have been able to improve on the ac­
curacy of the Eiitviis results only by a 
factor of 50. With an accuracy of about 
one part in 1010 we can say that the 
gravitational acceleration of lead and 
copper are equal. We hope that in a new 
run, soon to be started, we can extend 
this accuracy by another factor of 10. 

Contemplating all the potential 
sources of error besetting such an ex-

periment-gravitational gradients, ther­
mal and magnetic disturbances and op­
tical limitations-it seems almost incred­
ible that Eiitviis could have achieved the 
accuracy he claimed. Still, it would be a 
mistake, and uncharitable as well, to 
underestimate the technical skill that 
a dedicated investigator can develop 
through years of experience with famil­
iar pieces of apparatus. The new experi­
ment might have shown Eiitviis to be in 
error, and it has not. 

EXPERIMENTAL CHAMBER for the author's gravity investiga­

tion is a ,olidly constructed pit 12 feet deep, not far from the 

Princeton football stadium. The torsion balance, within its vacuum 

housing (all within a second chamber) , rests on the center of tri­

angular base at the bottom of the pit. The long tube projecting to-

ward the lower left of tbe photograph is a telescope; the tube direct­

ly opposite is a counterweight. The whole apparatus can be rotated. 

The electric blankets on the walls were used to test the tempera­

ture sensitivity of the equipment. When the experiment itself is in 

progress, the top of the pit is sealed by four feet of thermal insulation. 
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VITAL : command and control systems which collect, transmit, process 

and display information to military comman ders re sponsible for 

compressed-time decisions. 

T H E  ••••••• 

M I T R E 
C O R P O R A T I O N  

is now engaged in designing and developing 

computer-based command and control systems 

which collect, sort , transmit,  and display infor­

mation vital to those who make command de­

cisions.  SAC's  C ommand and Control System, 

SAGE, B M EWS, NORAD, M I DAS and other 

urgent mil itary programs are all  within the scope 

of MITRE'S system integration work . 
Formed in 1958, MITRE is an independent 

nonprofit corporation with a growing technical 

staff engaged in systems planning, engineering 
and management for the Air Force E lectronic 

Systems Division . 

You are invited to join this scientific com­

munity and participate in important work which 

is performed in an atmosphere of objectivity 

and free inquiry. 

E ngineers and scientists interested in the 

vital field of command and control technology 

may inquire about openings in : 

• Operations R e s e arch • Radar Systems and • M athematics 

• Communic ations 

• Human Factors 

• System Cost Analysis 

• Econometrics 

Techniques 

• System Analysis 

• Advanced System D e sign 

• Computer Technology 

• Air Traffic Control 
System D e velopment 

• Antenna D e sign 
Microw ave Components 

Write in confidence to: VICE PRESIDEl\T - TECHNICAL OPERATIONS, THE MITRE CORPORATION, 
Post O ffi ce Box 208, Dept.  MZ26, Bedford , Massachusetts 

An equal opportunity employer 
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The Three-dilllensional Structure 

of a Protein Molecule 

The way in which the chain of alnino acid units in a protein molecule 

is coiled and folded in space has been worked out for the first time. 

The protein is Inyoglobin, the molecule of which contains 2,600 atoms 

W
hen the early explorers of Amer­
ica made their first landfall, they 
had the unforgettable experi­

ence of glimpsing a New World that no 
European had seen before them. Mo­
ments such as this-first visions of new 
worlds-are one of the main ath'actions 
of exploration. From time to time scien­
tists are privileged to share excitements 
of the same kind. Such a moment arrived 
for my colleagues and me one Sunday 
morning in 1957, when we looked at 
something no one before us had seen: a 
thJ'ee-dimensional picture of a protein 
molecule in all its complexity. This first 
picture was a crude one, and two years 
later we had an almost equally exciting 
experience, extending over many days 
that were spent feeding data to a fast 
computing machine, of building up by 
degrees a far sharper picture of this same 
molecule. The protein was myoglobin, 
and our new picture was sharp enough to 
enable us to deduce the actual arrange­
ment in space of nearly all of its 2,600 
atoms. 

We had chosen myoglobin for our first 
attempt because, complex though it is, it 
is one of the smallest and presumably the 
simplest of protein molecules, some of 
which are 10 or even 100 times larger. 
The purpose of this article is to indicate 
some of the reasons why we thought it 
important to elucidate the three-dimen­
sional architecture of a protein, to ex­
plain something of the methods we used 
and to describe our results. 

In a real sense proteins are the 
"works" of living cells. Almost all chemi­
cal reactions that take place in cells are 
catalyzed by enzymes, and all known 
enzymes are proteins; an individual cell 
contains perhaps 1,000 different kinds 
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of enzyme, each catalyzing a different 
and specific reaction. Proteins have many 
other important functions, being con­
stituents of bone, muscle and tendon, of 
blood, of hair and skin and membranes. 
In addition to all this it is now evident 
that the hereditary information, trans­
mitted from generation to generation 
in the nucleic acid of the chromosomes, 
finds its expression in the character­
istic types of protein molecule synthe­
sized by each cell. Clearly to under­
stand the behavior of a living cell it is 
necessary first to find out how so wide a 
variety of functions can be assumed by 
molecules all made up for the most part 
of the same few basic units. 

These units are amino acids, about 20 
in number, joined together to form the 
long molecular chains known as poly­
peptides. Each link in a chain consists of 
the group -CO-CHR-NH-, where C, 
0, N and H represent atoms of carbon, 
oxygen, nitrogen and hydrogen respec­
tively, and R represents any of the vari­
ous groups of atoms in a side chain that 
differs for each of the 20 amino acids. All 
protein molecules contain polypeptide 
chains, and some of them contain no oth­
er constituents; in others there is an ad­
ditional group of a different kind. For ex­
ample, the hemoglobin in red blood cor­
puscles contains four polypeptide chains 
and four so-called heme groups: Rat as­
semblages of atoms with an iron atom at 
the center. The function of the heme 
group is to combine reverSibly with a 
molecule of oxygen, which is then car­
ried by the blood from the lungs to the 
tissues. Myoglobin is, as it were, a junior 
relative of hemoglobin, being a quar­
ter its size and consisting of a single poly­
peptide chain of about 150 amino acid 

units together with a single heme group. 
Myoglobin is contained within the cells 
of the tissues, and it acts as a temporary 
storehouse for the oxygen brought by 
the hemoglobin in the blood. 

Following the classic researches on 
the insulin molecule by Frederick Sanger 
at the University of Cambridge, several 
groups of investigators have been able 
to discover the order in which the amino 
acids are arranged in the polypeptide 
chains of a number of proteins [see "The 
Chemical Structure of Proteins," by 
William H. Stein and Stanford Moore; 
SCIENTIFIC AMERICAN, February J. This 
laborious task does not, however, pro­
vide the whole story. A polypeptide 
chain of perhaps hundreds of links 
could be arranged in space in an al­
most infinite number of ways. Chemical 
methods give only the order of the links; 
equally important is their arrangement 
in space, the way in which particular 
side chains form crosslinks to bind the 
whole structure together into a nearly 
spherical object (as most proteins are 
known to be) . Also of equal importance 
is the way in which certain key amino 
acid units, perhaps lying far apart in the 
sequence, are brought together by the 
three-dimensional folding to form a par­
ticular constellation of precise configura­
tion-the so-called active site of the 
molecule-that enables the protein to 
perfmon its special functions. How is it 
possible to discover the three-dimen­
sional arrangement of a molecule as com­
plicated as a protein? 

The key to the problem is that many 
proteins can be persuaded to crystallize, 
and often their crystals are as regular and 
as nearly perfect in shape as the crystals 
of simpler compounds. The fact that pro-
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CRYSTALS OF MYOGLOBIN prepared from sperm.whale muscle 

are enlarged some 50 diameters. In them the molecules of myoglo· 

bin are stacked in regular array. By directing a beam of X rays 

at a single crystal and analyzing the pattern of the reflected rays, 

the author and his colleagues were able to plot the density of 

electrons in t.he molecule and thereby to locate the atoms in it. 
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teins crystallize is interesting in itself, for 
crystallization implies a regular three­
dimensional array of identical molecules. 
If all the molecules did not have the 
same detailed shape, they could not form 
the repeating arrays that are necessary if 
the aggregate is to possess the regular 
external shape of a crystal. Therefore it 
appears that all protein molecules of a 
given type are identical-that is, they are 
not simply "colloidal" aggregates of in­
definite shape. The existence of protein 
crystals means, in fact, that proteins do 
have a definite three-dimensional struc­
ture to solve. And the most powerful 
techniques for studying the structures of 
crystals are those of X-ray crystallog­
raphy. 

The X-Ray Approach 

In 1912 Walter Friedrich, C. M. Paul 
Knipping and Max von Laue discovered 
that if a crystal is turned in various di­
rections while a beam of X rays is sent 
through it, some of the X rays do not 
travel in a straight line. When the trans­
mitted rays fall on a photographic plate, 
they produce not only a dark central spot 
but also a pattern of fainter spots around 
it. The reason for this diffraction pattern 
is that X rays are scattered, or reflected, 
by tIlE' electrons that form the outer part 
of each a tom in the crystal. 

The atoms are arranged in an orderly 
array, something like the trees in a regu­
larly planted orchard. As one drives past 
an orchard in an automobile and looks 
into it along different directions, one 
sees one set after another of lines of 
trees coming into view end 011. Similar­
ly, if one could look at the atoms of a 

crystal, one would see different planes 
of atoms in different directions. The 
X-ray beam is reflected by the�e sets of 

THREE-DIMENSIONAL MODEL of the 

myoglobin molecule is depicted in this paint­

ing by J rving Geis. The key to the model is 

at the left side of the painting. The molecule 

consists of some 150 amino acid units strung 

together in a single chain with a heme group 

attached to it. At the center of the heme 

group is a single atom of iron. Most of the 

amino acid units are arranged in helical 

sections such as the one running diagonally 

across the bottom of the painting. Each 

amino acid unit in the model is identified 

in the illustration on the following two 

pages. The model is the result of work 

by the author, R. E. Dickerson, B. E. 

Strandberg, R. G. Hart, D. R. Davies, D. C. 

PhilJips, V. C. Shore and H. C. Watson. 

planes much as light is reflected from the 
surface of a mirror; that is to say, the 
angle of reflection is equal to the angle 
of incidence. But it can be shown that 
because the reflection is a set of parallel 
planes rather than a single surface, as in 
a mirror, the reRected beam will "flash 
up" only at a particular angle of inci­
dence between incident beam and 
planes, this angle becoming greater the 
closer together the planes of the set are. 
Thus each spot in the X-ray diffraction 
pattern corresponds to a particular set of 
planes; and the spots farthest out in the 
pattern (those made by X rays diffracted 
through the biggest angles) correspond 
to the most closely spaced sets of planes. 
In an X-ray camera the crystal is rotated 
in a predetermined manner so that one 
after another of the sets of planes comes 
into the correct reflecting position. As 
each set does so, the corresponding re­
flected beam flashes up and makes its im­
print on the photographic plate. 

Each type of crystal has its own char­
acteristic arrangement of atoms and so 
will produce its own specific X-ray pat­
tern, the features of which can be un­
ambiguously, if tediously, predicted by 
calculation if the structure of the crystal 
is known. X-ray analysis involves the re­
verse calculation: Given the X-ray pat-

MAIN CHAIN 

SIDE CHAINS 

OXYGEN 

NITROGEN 

HYDROGEN BOND 

SULFUR 

HEME GROUP 

IRON ATOM 

WATER MOLECULE 

tern, what is the crystal structure that 
must have produced it? 

In analyzing complex crystals the cal­
culation is carried out by applying

' 
a 

method known as Fourier synthesis to 
the repeating, three-dimensional con­
figuration. To understand what this in­
volves, consider first a one-dimensional 
analogy: a musical note. Physically, a 
steady musical note is a repeating se­
quence of rarefactions and condensations 
in the air between the listener and the in­
strument producing the note. If the den-
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sity of the air is plotted along the path, 
the graph is a complex but perfectly 
repetitive wave form. More than 150 
years ago the French physicist Jean Bap­
tiste Fourier discovered that any such 
wave form can be decomposed, or ana­
lyzed, into a set of harmonics that are 
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pure sine waves of shorter and shorter 
wavelength and thus of higher and high­
er frequency [see "The Reproduction of 
Sound," by Edward E. David, SCIEN­
TIFIC AMERICAN, August]. The reverse 
process-Fourier synthesis-consists in 
combining a series of pure sine waves of 
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SEQUENCE OF AMINO ACID UNITS in the model of myoglobin is indicated by the letters 

and nnmbers in the illustration on these two pages. The amino acid nnit represented by 

each symbol is given in the table above; the key to tbe abbreviations is at top left in the 

table. The brackets in the table indicate those amino acid nnits which form a helical 

section. The direction of the main chain is traced in color in the illnstration; the chain be­

gins at far left (amino end) and ends neal' the top (carboxyl end). Here the heme group is 

indicated in gray. Not all the amino acid nnits in the model have been positively identi­

fied. In some cases it has only been determined that they cannot be certain units. The over.all 

configuration of the molecule, however, is known with a considerable degree of confidence. 

the proper relative amplitude in the 
proper relative phases (that is, in or out 
of step with one another to the correct 
extent) so as to reproduce the original 
wave form, or note. In practice it is not 
necessary to use all the components to 
obtain a reasonably faithful reproduc­
tion. The greater the number of higher 
harmonics that are included, however, 
the more nearly perfect is the rendering 
of the note. 

To an X-ray beam a crystal is an ex­
tended electron cloud, the density of 
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SPECIAL X·RAY CAMERA is used to make X·ray diffraction 

photographs of the myoglobin crystal. The crystal is contained in 

CRYSTAL OF MYOGLOBIN is the dark speck in the middle of 

the glass tube in this close·up. As the X·ray exposure is made the 
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the thin glass tube exactly at the center of the photograph. The 

beam of X rays comes out of metal tube just to the right of glass one. 

crystal is rotated so that the X rays reflected from planes of atoms 

ill the crystal "flash up" to make spots 011 a photographic plate. 
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which varies from place to place in three 
dimensions but in a regular, repeating 
way. (The density at any point depends 
on the types of atom in the neighbor­
hood and their spatial arrangement.) 
The crystal can therefore be thought of 
as a kind of three-dimensional sound 
wave consisting of rarefactions and con­
densations of electrons rather than of air 
particles. This wave too can be decom­
posed into harmonics-that is, simple, 
repetitive patterns of density variation; 
along any single direction the density of 
each harmonic varies sinusoidally. 

It turns out that each harmonic corre­
sponds to one particular spot in the 
X-ray diffraction pattern. The reason is 
that each set of possible atomic planes 
in the crystal constitutes one element, 
so to speak, of the over-all periodic struc­
ture. That is just what a harmonic is: a 
component of the over-all periodic struc­
ture. From the position and darkness of 
a spot, the "wavelength" (the spacing 
between high-density peaks) and "am­
plitude" (the value of the density at the 
peaks) of the corresponding harmonic 
can be computed. So the problem is re­
duced to calculating the harmonics from 
the spot pattern and then adding them 
together to arrive at the total structure. 

There is, however, a serious catch: the 
diffraction pattern provides information 
on the wavelength and amplitude of the 
hrumonics but not on their relative 
phases. In the case of sound, phase is 
not particularly important in synthesiz­
ing a wave; the ear is rather insensitive 
to phase difference and hears very near­
ly the same note so long as the relative 
amplitudes of the harmonics are correct. 
On the other hand, the shape of the 
wave as seen by the eye varies greatly 
when the relative phases of the com­
ponents are shifted. 

In deriving crystal structure the cor­
rect shape of the three-dimensional 
"wave" is precisely what one is looking 
for. But the X-ray picture contains only 
half of the information required; it con­
tains the amplitudes but not the phases. 
In simpler structures crystallographers 
get around the difficulty by a method of 
trial and error; from a plausible model 
structure they calculate the phases and 
use these in conjunction with the meas­
ured amplitudes to calculate a Fourier 
synthesis, that is to say, an enlarged pic­
ture of the distribution of the electrons 
(and hence of the atoms) in the struc­
ture. The result should be a good deal 
closer to the real structure than the 
original model, and from it crystallog­
raphers can calculate a new and im­
proved set of phases. If the original 
model was good enough to put them on 

X·RA Y PHOTOGRAPHS of myoglobin are patterns of spots. At top is a photograph of a 

normal crystal. At bottom is a photograph of a different type in which patterns of normal 

crystal and one labeled with heavy atoms are superimposed slightly out of register. Diffe .... 

ences in density between two sets made it possible to determine phase of X.ray reflections. 
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ALPHA HELIX of a protein molecule is a 

coiled chain of amino acid units. The back· 

bones of the units form a repeating sequence 

of atoms of carbon (C), oxygen (0), hydro· 

gen (H) and nitrogen (N). The R stands for 

the side chain that distinguishes one amino 

acid from another. The configuration of the 

helix is maintained by hydrogen bonds 

(broken lines) . The hydrogen atom that par· 

ticipates in each of these bonds is not shown. 
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the right track, they gradually approach 
the true structure by a series of succes· 
sive approximations, or refinements. 

As in the case of the musical note, the 
greater the number of higher harmonics 
that are included, the sharper and more 
precise is the resulting picture. The high­
er harmonics of a musical note are, of 
course, the components of shortest wave­
length (highest frequency) ; in a crystal 
structure the harmonics are correspond­
ingly the reflections from the most close­
ly spaced sets of planes. As has been 
mentioned, these reflections occur at the 
largest angles and show up as spots far­
thest out in the pattern. The resolution 
of the final picture-that is, the smallest 
scale of detail it can show-depends on 
the outer limit of the spots included in 
the analysis; the number of spots that 
have to be included goes up in propor­
tion to the cube of the resolving power 
required. 

The first X-ray photographs of protein 
crystals were made nearly 25 years ago, 
but for many years it was not possible 
even in principle to imagine how the 
structures of crystals so complex could 
be discovered. Their X-ray patterns con­
tained many thousands of reflections, 
paralleling the complexity of the mole­
cules themselves. There was no hope of 
proceeding by trial and error; the first 
model could never be good enough to 
provide a useful starting point. So al­
though protein crystallographers discov­
ered many interesting facts about pro­
tein crystals, they did not succeed in ex­
tracting much information bearing di­
rectly on the molecular structure. 

In 1953 the whole prospect was 
transformed by a discovery of my Uni­
versity of Cambridge colleague Max F. 
Perutz, who had been studying hemo­
globin crystals for many years. The 
hemoglobin molecule contains two free 
sulfhydryl groups (SH) of the amino 
acid cystine; by well-known reactions it 
is possible to attach atoms of mercury 
to these groups. Perutz found that if he 
made crystals of hemoglobin labeled 
with mercury, their X-ray pattern dif­
fered significantly from that of un­
labeled crystals, even though the mass 
of a mercury atom is very small com­
pared with that of a complete hemoglo­
bin molecule. This made it possible to 
apply the so-called method of isomor­
phous replacement in the Fourier syn­
thesis. 

A full explanation of the method is 
beyond the scope of the present article. 
Suffice it to say that by comparing in 
detail the X-ray patterns of crystals with 
and without heavy atoms it is possible 
to deduce the phases of all the reflec-

tions, and this without any of the guess­
work of the trial-and-error method. Thus 
Perutz' observation for the first time 
made it possible, in principle at least, 
to solve the complex X-ray pattern of a 
protein crystal and to produce a model 
of the structure of the molecule. 

In our studies of myoglobin we could 
not follow Perutz' method for attaching 
mercury atoms, because myoglobin lacks 
free sulfhydryl groups. We were, how­
ever, successful in finding other ways to 
attach four or five kinds of heavy atom 
at different sites in the molecule, and we 
were then able to proceed to a study of 
the three-dimensional structure of the 
crystal. A complete solution would in­
volve including all the reflections in the 
X-ray pattern in our calculation-some 
25,000 in all. At the time this work be­
gan no computers in existence were fast 
enough or large enough to handle so 
great an amount of data; besides, we 
thought it better in the first instance to 
test the new method on a smaller scale. 

The Six .Angstrom·Unit Picture 

As has already been indicated, if we 
include only the central reflections of 
the pattern, we obtain a low-resolution, 
or crude, representation of the structure. 
The higher the resolution that is desired, 
the farther out in the pattern must the 
reflections be measured. We decided 
that in the first stage of the project we 
would aim for a resolution of six ang­
strom units (an angstrom unit is one 
hundred-millionth of a centimeter) . 
This would be sufficient to reveal the 
general arrangement of the polypeptide 
chains in the molecule, but not the con­
figuration of the atoms within the chains 
or that of the side chains surrounding 
them. To achieve a six-angstrom resolu­
tion we had to measure 400 reflections 
from the unlabeled protein and from 
each of five types of crystal containing 
heavy atoms. Our calculations, which 
were completed in the summer of 1957, 
gave us the density of electrons at a large 
number of points in the crystal, a high 
electron density being found where 
many atoms are concentrated. Crystal­
lographers usually represent a three­
dimensional density distribution, or 
Fourier synthesis, by cutting an imagi­
nary series of parallel sections through 
the structure. The density distribution 
in each section is represented by a series 
of density contours drawn on a lucite 
sheet. When all the sheets are stacked 
together, they give a representation in 
space of the density throughout the 
molecule. 

As soon as we had constructed our 
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ELECTRON·DENSITY MAP of the myoglobin crystal is made up 

of lucite sheets, on each of which are traced the contours of elec· 

MAP SHOWS ALPHA HELIX when it is seen from the appropriate 

angle. Here the camera looks through the contours on a series of 

tron density at that depth. The dark band in the middle is the heme 

group. This map was made at a resolution of two angstrom units. 

lucite sheets. Alpha helix is the dark ring at left center. Thus it is 

seen along its axis, as though it were a cylinder seen from the end. 
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BACKBONE OF THE ALPHA HELIX is shown schematically in this diagram. The sequence 

of atoms in the helix is -CO-CHR-NH-. Here the HR attached to isolated C is omitted. 

BACKBONE IS SUPERIMPOSED on contours made by plotting on a cylinder density 

along helix in crystal. Cylinder was then unrolled. Backbone thus appears to repeat. 
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first lucite density map of the myoglobin 
crystal, we could see at a glance that it 
contained the features we were looking 
for, namely a set of high-density rods of 
just the dimensions one would expect for 
a polypeptide chain. Closer examination 
showed that in fact it consisted of almost 
nothing but a complicated and inter­
twining set of these rods, sometimes go­
ing straight for a distance, then turning 
a corner and going off in a new direction. 
In addition to the rods we were able to 
see very dense peaks, which we took 
to be the heme groups themselves. The 
iron atom at the center of the heme 
group, being by far the heaviest atom in 
the molecule and therefore having the 
largest number of planetary electrons, 
would be expected to stand out as a 
prominent feature. It was not at all easy, 
however, to gain any impression of what 
the molecule was actually like, largely 
because the molecules are packed to­
gether in the crystal and it is hard to see 
where one begins and the next one ends. 

Our next task was to dissect out a sin­
gle molecule from the enlarged density 
map of the crystal so that we could look 
at it separately. Fortunately all protein -
crystals, including myoglobin, contain 
a good deal of liquid which fills up the 
interstices between neighboring mole­
cules, and which at low resolution looks 
like a uniform sea of denSity, so that it 
can easily be distinguished from the 
irregular variations of density within the 
molecule itself. By looking for the liquid 
regions we were able to draw an outline 
surface around the molecule and so 
isolate it from its neighbors. Extracted 
in this way, the molecule stood forth as 
the complicated and asymmetrical ob­
ject shown in the top illustration on page 
109. The polypeptide chain winds irreg­
ularly around the structure, supporting 
the heme group in a kind of basket. For 
the most part the course of the polypep­
tide chain could be followed, but we 
could not be sure of its route every­
where, since its density became lower at 
the corners and it tended to fade into the 
background at those points. Our model 
did, however, give us a good general 
picture of the layout of the molecule, 
and it showed us that it was indeed 
much more complicated and irregular 
than most of the earlier theories of the 
structure of proteins had suggested. 

The Two·Angstrom·Unit Picture 

At a resolution of six angstroms we 
could not expect to see any details of 
the polypeptide chain or of the side 
chains attached to it. To see all the atoms 
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of a structure as separate blobs of density 
it would be necessary to work at a resolu­
tion higher than 1.5 angstroms, for 
neighboring atoms attached to one an­
other by chemical bonds lie only from 
one to 1.5 angstroms apart. A Fourier 
synthesis of myoglobin at 1.5 angstroms 
resolution would involve 25,000 reflec­
tions; we decided in the second stage of 
the work to limit our ambitions to a 
resolution of two angstroms. Even this 
required that we include in our calcula­
tions nearly 10,000 reflections for the 
unsubstituted crystal and the same num­
ber for each of the heavy-atom deriva­
tives. It was necessary to measure a for­
midable number of X-ray photographs, 
a task that took a team of six people 
many months to complete. At the end 
of this time the mass of data that we 
had accumulated was so great that it 
could be handled only by a truly fast 
computer. We were fortunate that a 
machine of this c1ass-EDSAC Mark II 
-had recently come into service at the 
University of Cambridge, and we were 
able to use it for deducing the phases of 
all the 10,000 reflections and for the 
ensuing calculations of the Fourier syn­
thesis itself. Fast though it is, we taxed 
the powers of EDSAC II to the utmost, 
and it was clear that any further im­
provement in resolution would demand 
the use of still more powerful machines. 

Once more our results were plotted in 
the form of a three-dimensional contour 
map [see top illustration on page 105]. 
Since we were looking for finer details, 
it was necessary to cut sections through 
the structure at closer intervals than be­
fore; in fact, this time we had about 50 
sections compared to 16 in the six-ang­
strom map. To construct the new map it 
was necessary to calculate the electron 
density at 100,000 points in the mole­
cule. Indeed, the amount of information 
contained in the final synthesis was so 
great that drawing and building the 
density map was in itself a lengthy task, 
amounting to some six man-months of 
work. The result was a complicated set 
of dense and less dense regions that at 
first sight seemed completely irregular. 
Our first step was to see what we could 
learn from it about the configuration of 
the polypeptide chains, which in our 
earlier synthesis had appeared merely as 
solid rods. 

Here I shall digress briefly to con­
sider some earlier work on the fibrous 
protein of hair. In fibrous proteins the 
polypeptide chains probably run parallel 
to the axis of the fiber for considerable 
distances. Such protein fibers were 
among the earliest biological macromole-

SKELETON OF THE HEME GROUP is outlined in this diagram. At the center of the group 

is the iron atom (Fe). There are four such groups in hemoglobin and one in myoglobin. 
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SKELETON IS SUPERIMPOSED on another section of the electron·density map of the 

myoglobin crystal. Here bonds to the iron atom are omitted to show contours around atom. 
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cules to be examined by X-ray methods. 
W. T. Astbury, in his classical work car­
ried out at the University of Leeds in the 
early 1930's, showed that a human hair 
gave a characteristic X-ray pattern, 
which on stretching changed reversibly 
into quite a different pattern. He was 
able to show that the pattern of stretched 
hair-the so-called beta form-corre­
sponded to the polypeptide chains being 
almost fully extended; it followed that 
in the unstretched, or alpha, form the 
chains must assume some kind of folded 
configuration. For many years different 
workers proposed a succession of more 
or less unsatisfactory models of the fold­
ed chain in un stretched hair, but finally 
in 1.951 Linus Pauling and Robert B. 
Corey of the California Institute of 
Technology found the definitive solu­
tion, showing that the chain actually 
took up a helical or spiral shape, the now 
famous alpha helix [see illustmtion on 
page 104]. In this configuration the suc­
cessive turns of the helix are held to­
gether by weak hydrogen bonds between 
NH groups on one turn and CO groups 
opposite them on the next turn. The 
alpha helix turned out to be present in 
several other Rbrous proteins besides 
hair; and although there was no definite 
proof of the fact, indirect evidence indi­
cated that the alpha helix, or something 
like it, could exist in the molecule of 
globular proteins too. 

The first thing we wanted to do when 
we finished our Fourier synthesis at two 
angstroms resolution was to see whether 
or not there was anything to the idea of 
helical structures in a globular protein. 
Accordingly we looked through the stack 
of lucite sheets in a direction correspond­
ing to the axis of one of the rods we had 
seen at low resolution. We were delight­
ed to find that the dense rod now re­
vealed itself as a hollow cylinder run­
ning dead straight through the sh'ucture 
[see bottom illustmtion on page 105]. 
Closer examination showed that the den­
sity followed a spiral course along the 
surface of the cylinder, indicating that 
the polypeptide chain indeed assumed a 
helical shape. Detailed measurement of 
the spiral density showed that it fol­
lowed precisely the dimensions of the 
alpha helix deduced by Pauling and 
Corey 10 years earlier. In fact, it turned 
out that about three-quarters of the poly­
peptide chain in the molecule took the 
form of straight lengths of alpha helix, 
the helical segments being joined by 
irregular regions at the corners. In all 
there were eight such segments, varying 
in length from seven to 24 amino acid 
units. In each segment it was possible to 
fit the alpha helix exactly to the observed 
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density in such a way that we could be 
reasonably sure of the placing of each 
atom, even though at this resolution we 
had not secured full separation between 
one atom and its neighbors. 

The next object of interest was the 
heme group. Looking at the map from 
the appropriate angles, we now saw this 
group as a flat object with a region of 
high density at the iron atom in the cen­
ter. A section through the map through 
the plane of the flat object shows a varia­
tion in density that closely follows the 
known chemical structure of the system 
of rings in the heme group [see illustm­
tions on preceding page]. 

The Three·dimensional Model 

When we came to study our structure 
in detail, we soon felt the need of a bet­
ter way to represent the three-dimen­
sional density distribution. We wanted 
some method that would enable us to Rt 
actual atomic models to the features we 
could see. Our solution was to erect a 
forest of steel rods on which we placed 
colored clips to represent the distribution 
in space of points of high density, differ­
ent colors representing different values 
of the density [see illustration on page 
1 10]. The scale of this model was Rve 
centimeters per angstrom, so that the 
whole model would Rt in a cube about 
six feet on a side. Each helical segment 
of polypeptide chain could be seen as a 
spiral of colored clips passing through 
the model, and we were then able to in­
sert actual alpha helices made of skele­
ton-type models (similar to the familiar 
ball-and-spoke models but with the balls 
omitted) and to show that they precisely 
followed the dense trail of clips. In this 
way we were able to trace the polypep­
tide chain from beginning to end, right 
through the molecule, and to establish 
its conRguration in each of the irregular 
corners joining neighboring helices. 
Once the course of the main chain had 
been delineated with atomic models, we 
were able to see the side chains emerg­
ing from it at appropriate intervals as 
dense branches of various sizes. At Rrst 
we thought it unlikely that we would be 
able to identify many of the side chains, 
but after some practice we found that in 
fact we were able to do so surprisingly 
often. As mentioned earlier, side chains 
in proteins are of only 20 kinds (in 
myoglobin only 17) , and they are of very 
different shapes and sizes, ranging from 
the one in glycine, which is only a single 
hydrogen atom (invisible to the crystal­
lographer) , to the chain in tryptophan, 
with a double-ring system of 10 carbon 
and nitrogen atoms. Our problem was 

reduced to deciding among 17 possible 
side chains in each case. 

Some of our identifications were defi­
nite, others were tentative. Fortunately 
an independent check on our conclusions 
lay at hand. For several years A. B. 
Edmundson and C. H. W. Hirs, working 
in Stein and Moore's laboratory at the 
Rockefeller Institute, had been trying 
to establish the amino acid sequence of 
myoglobin by chemical methods. Their 
work is still incomplete, but they have 
broken down the molecule into a set of 
short pieces, or peptides, the composi­
tions-and in some cases the internal se­
quences-of which they have deter­
mined. The order in which the pep tides 
are arranged in the intact molecule has 
yet to be established chemically. We 
have been able, however, to place almost 
every one of the peptides with certainty 
in its correct position along the chain by 
comparing its composition with our 
X-ray identifications of the side chains. 
There are virtually no gaps left, nor are 
there peptides unplaced. Once assigned 
to their correct positions, the peptides 
often help to confirm doubtful X-ray 
identifications, and by putting the two 
types of evidence together we arrive at 
a nearly complete amino acid sequence 
for the whole molecule. 

Simply to determine the amino acid 
sequence was not our main aim in un­
dertaking the X-ray analysis of myoglo­
bin. We were much more concerned 
with the three-dimensional arrangement 
of the side chains in the molecule and 
with the interactions between them that 
produce and maintain the molecule's 
characteristic conRguration. To study 
these interactions we undertook to make 
a model of the whole molecule, with ev­
ery side chain in place [see illustmtion 
on pages 98 and 99]. The result was an 
object still more complex than the low­
resolution model, although of course all 
the features of the latter are still appar­
ent in the former. We can now discern 
many of the types of interaction that pro­
tein chemists have postulated on the 
basis of physicochemical studies. For ex­
ample, positively charged basic groups 
such as those of lysine and arginine are 
held by electrostatic attraction close to 
negatively charged acid groups such as 
aspartic or glutamiC acid; several types 
of hydrogen-bond interaction can be 
seen, among them NH groups in the 
main chain bonded to the oxygen atom 
of serine or threonine; and everywhere 
we find a close interlocking of hydrocar­
bon groups such as CH2 or CHa, giving 
rise to the so-called van der Waals' at­
traction. The structure is not yet suffi­
ciently complete in all details to allow a 
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EARLY MODEL of the myoglohin molecule was made at a resolu· 

tion of six augstrom units. This model has the same general con· 

CLOSE·UP OF CONTOURS of map on which the six.angstrom 

model was based shows that contours are coarser than those in 

figuration as that of the model depicted on pages 98 and 99, hut 

it lacks detail. The heme group is the /lat section at upper right. 

two·angstrom map. Early model was based on work of author, G. 

Bodo, H. M. Dintzis, R. G. Parrish, H. W. Wyckoff and D. C. Phillips. 
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full analysis of the interactions, but at 
least we can now see the general pattern 
of forces that maintains the integrity of 
the molecule. 

We can also often see why helical seg­
ments end at a particular place; in many 
instances proline side chains are found 
at the ends of helices and, as was pointed 
out several years ago, proline is bound to 
interfere with helix formation because 
of its peculiar shape, unlike that of any 
other naturally occurring amino acid. 
Finally, we can examine the way in 
which the heme group itself is attached 
to the rest of the molecule; the iron atom 
is attached to a nitrogen in a histidine 
side chain (as had been suggested years 
ago on the basis of chemical evidence) , 
and the flat ring system is stabilized by 
hydrocarbon side chains, especially ring 
side chains, lying parallel to it. 

In similar studies of the larger hemo­
globin molecule Perutz and his colla­
borators have shown that, at least to the 
resolution of 5.5 angstroms that they 
have so far achieved, there is an aston­
ishing similarity between the three­
dimensional structure of myoglobin and 

the structure of each of the four sub­
units formed by the individual polypep­
tide chains of hemoglobin. This is a 
most remarkable result considering that 
we are dealing with two distinct pro­
teins, one found in muscle and the other 
in red blood cells, one derived from 
sperm whale and the other from horse. 
Furthermore, the amino acid composi­
tions of the two proteins are known to 
differ substantially. 

The amino acid sequences of the 
hemoglobin chains have been complete­
ly determined. We have found that 
when we lay the hemoglobin sequences 
alongside those of myoglobin, making 
appropriate allowances for slight differ­
ences in their length, there are many 
correspondences, often just at those 
points where a study of the myoglobin 
molecule indicates that a crucial stabi­
lizing reaction takes place. We can even 
begin to find chemical explanations for 
some of the peculiarities of the con­
genitally abnormal hemoglobins present 
in individuals suffering from certain 
rare blood diseases. 

Even in the present incomplete state 

of our studies on myoglobin we are be­
ginning to think of a protein molecule 
in terms of its three-dimensional chemi­
cal structure and hence to find rational 
explanations for its chemical behavior 
and physiological function, to under­
stand its affinities with related proteins 
and to glimpse the problems involved in 
explaining the synthesis of proteins in 
living organisms and the nature of the 
malfunctions resulting from errors in this 
process. It is evident that today students 
of the living organism do indeed stand on 
the threshold of a new world. Analyses 
of many other proteins, and at still high­
er resolutions (such as we hope soon to 
achieve with myoglobin) , will be need­
ed before this new world can be fully 
invaded, and the manifold interactions 
between the giant molecules of living 
cells must be comprehended in terms of 
well-understood concepts of chemistry. 
Nevertheless, the prospect of establishing 
a firm basis for an understanding of the 
enormous complexities of structure, of 
biogenesis and of function of living or­
ganisms in health and disease is now 
distinctly in view. 

FOREST OF RODS was used to build up the two-angstrom model 

of the myoglobin molecule hom electron-density map. Densities 

were indicated by clips on rods, and model was based on position 
of clips. Outline of heme group is visible at upper left center. 

1 10 

© 1961 SCIENTIFIC AMERICAN, INC



Objective: increase capability of the Atlantic Missile Range­

sponsored by the Missile Test Center of the Air Force Systems 

Command - to study missiles and space vehicles during the criti­

cal terminal phase of flight with a refinement never before pos­

sible. Prime requisite: mobility ... ability to move to the most 

advantageous position in thousands of miles of ocean. 

The answer: conversion of two large troop transports into 

Mobile Atlantic Range Stations, seagoing laboratories incorpo­

rating every proven technique of instrumentation, data acquisi­

tion, and instantaneous data transmission to Cape Canaveral, 

integrated with the most sophisticated long range tracking 

radars. System Manager: The Sperry Rand Systems Group. 

General Offices: Great Neck, N. Y. 
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The Fighting Behavior of Animals 

COlnbat between melnbers of a species serves us�ful functions. Death 

or serious injury to a contender is avoided b'y fonnal tournalnents, 

the behavior patterns for which appear to be innate in the species 

F
ighting between members of the 
same species is almost universal 
among vertebrates, from fish to 

man. Casual observation suggests the 
reason: Animals of the same kind, oc­
cupying the same niche in nature, must 
compete for the same food, the same 
nesting sites and the same building ma­
terials. Fighting among animals of the 
same species therefore serves the im­
portant function of "spacing out" the in­
dividuals or groups in the area they oc­
cupy. It thereby secures for each the 
minimum territory required to support 
its existence, prevents overcrowding and 
promotes the distribution of the species. 
Fighting also arises from competition 
for mates, and thus serves to select the 
stronger and fitter individuals for propa­
gation of the species. It is no wonder, 
then, that herbivores seem to fight each 
other as readily as do carnivores, and 
that nearly all groups of vertebrates, ex­
cept perhaps some amphibians, display 
aggressive behavior. 

A complete investigation of fighting 
behavior must take account, however, 
of another general observation: Fights 
between individuals of the same species 
almost never end in death and rarely 
result in serious injury to either com­
batant. Such fights, in fact, are often 
highly ritualized and more nearly re­
semble a tournament than a mortal strug­
gle. If this were not the case-if the loser 
were killed or seriously injured-fight­
ing would have grave disadvantages for 
the species. The animal that loses a fight 
is not necessarily less healthy or less 
viable; it may simply be an immature 
animal that cannot withstand the attack 
of a mature one. 

In view of the disadvantages of serious 
injury to a member of the species, evolu­
tion might be expected to have exerted a 
strong selective pressure against aggres-
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sive behavior. But spacing out through 
combat was apparently too important to 
permit a weakening of aggressive tend­
encies; in fact, aggressiveness seems to 
have been favored by natural selection. 
It is in order to allow spacing out-rather 
than death or injury-to result from fight­
ing that the ceremonial combat routines 
have evolved. 

Investigators of aggressive behavior, 
often strongly motivated by concern 
about aggressive impulses in man, have 
usually been satisfied to find its origin in 
the life experience of the individual ani­
mal or of the social group. Aggressive­
ness is said to be learned and so to be 
preventable by teaching or conditioning. 
A growing body of evidence from obser­
vations in the field and experiments in 
the laboratory, however, points to the 
conclusion that this vital mode of be­
havior is not learned by the individual 
but is innate in the species, like the or­
gans specially evolved for such combat 
in many animals. The ceremonial fight­
ing routines that have developed in the 
course of evolution are highly character­
istic for each species; they are faithfully 
followed in fights between members of 
the species and are almost never violated. 

�l-out fights between animals of the 
same species do occur, but usually in 

species having no weapons that can 
inRict mortal injury. Biting animals that 
can kill or seriously injure one another 
are usually also capable of quick Right. 
They may engage in damaging fights, 
but these end when the loser makes a fast 
getaway. They may also "surrender," by 
assuming a submissive posture that the 
winner respects. Konrad Z. Lorenz of 
the Max Planck Institute for the Physi­
ology of Behavior in Germany has de­
scribed such behavior in wolves and 
dogs. The fight begins with an ex-

change of bites; as soon as one contest­
ant begins to lose, however, it exposes 
its vulnerable throat to its opponent by 
turning its head away. This act of sub­
mission immediately inhibits further at­
tack by its rival. A young dog often 
submits by throwing itself on its back, 
exposing its belly: a pet dog may assume 
this posture if its master so much as 
raises his voice. Analogous behavior is 
common in birds: a young rail attacked 
by an adult turns the back of its head 
-the most sensitive part of its body­
toward the aggressor, which immediate­
ly stops pecking. Lorenz has pointed out 
that acts of submission play a similar role 
in fights between men. When a victim 
throws himself defenseless at his enemy's 
feet, the normal human being is strongly 
inhibited from fwther aggression. This 
mechanism may now have lost its adap­
tive value in human affairs, because mod­
ern weapons can kill so quickly and 
from such long distances that the at­
tacked individual has little opportunity 
to appeal to his opponent's feelings. 

Most animals depend neither on Right 
nor on surrender to avoid damaging 
fights. Instead they engage in a cere­
monial struggle, in the course of which 
the contestants measure their strength in 
bodily contact without harming each 
other seriously. Often these contests be­
gin with a duel of threats-posturings, 

CICHLID FISH (Aequidens portalegren­

sis) perform a ritual fight that begins with 
a threat and proceeds to bodily contact with· 
out damage to either. After a formal display 
(a) the fish fan their tails to propel cur­
rents of water at each other (b). Then the 
rivals grasp each other with their thick­
lipped mouths and push and pull (c) 

until one gives up and swims away (d). 
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MALE MARINE IGUANA (Amblyrhynchus cristatus) of the 
Galapagos Islands defends his territory against intruding males. 

As the rival approaches «(I), the territory owner struts and nods his 
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head. Then the defender lunges at the intruder and they clash head 

on (b) , each seeking to push the other back. When one iguana (left 
at "c" ) realizes he cannot win, he drops to his belly in submission. 
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movements and noises-designed to cow 
the opponent without any physical con­
tact at all. Sometimes this competition in 
bravado brings about a decision; usually 
it is preliminary to the remainder of 
the tournament. 

On the lava cliffs of the Galapagos 
Islands a few years ago I observed 

such contests between marine iguanas 
(Amblyrhynchus cristatus), large algae­
eating lizards that swarm by the hun­
dreds over the rocks close to shore. Dur­
ing the breeding season each male estab­
lishes a small territory by defending a 
few square yards of rock on which he 
lives with several females. If another 
male approaches the territorial border, 
the local iguana responds with a "dis­
play." He opens his mouth and nods his 
head, presents his flank to his opponent 
and parades, stiff-legged, back and forth, 
his apparent size enlarged by the erec­
tion of his dorsal crest. If this perform­
ance does not drive the rival off, the resi­
dent of the territory attacks, rushing at 
the intruder with his head lowered. The 
interloper lowers his head in turn and 
the two clash, the tops of their heads 
striking together. Each tries to push the 
other backward. If neither gives way, 
they pause, back off, nod at each other 
and try again. (In an apparent adapta­
tion to this mode of combat the head of 
the marine iguana is covered with horn­
like scales.) The struggle ends when one 
of the iguanas assumes the posture of 
submission, crouching on its belly. The 
winner thereupon stops charging and 
waits in the threatening, stiff-legged 
stance until the loser retreats [see illus­
tration on opposite page]. A damaging 
fight is triggered only when an invader 
does not perform the ceremonies that sig­
nal a tournament; when, for example, the 
animal is suddenly placed in occupied 
territory by a man, or crosses another ani­
mal's territory in precipitous flight from 
an earlier contest. On these occasions the 
territory owner attacks by biting the in­
truder in the nape of the neck. Female 
iguanas, on the other hand, regularly en­
gage in damaging fights for the scarce 
egg-laying sites, biting and shaking each 
other vigorously. 

The lava lizard (Tropidurtts albemar­
lensis) of the larger Galapagos Islands 
engages in a similar ceremonial fight that 
begins with the rivals facing each other, 
nodding their heads. Suddenly one of 
them rushes forward, stands alongside 
his opponent and lashes him with his 
tail once or several times, so hard that 
the blows can be heard several yards 
away. The opponent may reply with a 

a 

RATTLESNAKES (Crotalus Tltber} perform the combat dance shown in these d�awings 
based on a study by Charles E. Shaw of the San Diego Zoo. The rivals move together (a) and 
then "Indian wrestle" head to head (b). Sometimes they face each other, weaving and rub· 
bing their ventral scales (c). Finally one lashes out and throws (d) and pins (e) the other. 
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tail-beating of his own. Then the at­
tacker turns and retreats to his original 
position. The entire procedure is re­
peated until one of the lizards gives up 
and flees. 

According to Gertraud Kitzler of the 
University of Vienna, fights between 
lizards of the central European species 
Lacerta agilis may terminate in a curi­
ous manner. After an introductory dis­
play one lizard grasps the other's neck 
in his jaws. The attacked lizard waits 
quietly for the grip to loosen, then takes 
his turn at biting. The exchange contin­
ues until one lizard runs away. Often, 
however, it is the biter, not the bitten, 
that does the fleeing. The loser appar­
ently recognizes the superiority of the 

winner not only by the strength of the 
latter's bite but also by his unyielding 
resistance to being bitten. 

Beatrice Oehlert-Lorenz of the Max 
Planck Institute for the Physiology 

of Behavior has described a highly 
ritualized contest between male cichlid 
fish (Aequidens portalegrensis). The 
rivals first perform a display, present­
ing themselves head on and side on, 
with dorsal fins erected. Then they beat 
at each other with their tails, making 
gusty currents of water strike the other's 
side. If this does not bring about a de­
cision, the rivals grasp each other jaw 
to jaw and pull and push with great 
force until the loser folds his fins and 

ORYX ANTELOPE (Oryx gazella beisa) has rapier·shaped horns but does not gore his 
rival. Two bulls begin combat with a display (a), then fence with the upper portion of their 
horns (b). After a pause (c) the rivals clash forehead to forehead (d) and push each other, 
using their horns to maintain contact. Drawings are based on observations by Fritz Walther. 
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swims away [see illustration on page 
113]. John Burchard of the same institu­
tion raised members of another cichlid 
species (Cichlasoma biocellatum) in 
isolation from the egg stage and found 
that they fought each other in the man­
ner peculiar to their species. 

The ritualization of fighting behavior 
assumes critical importance in contests 
between animals that are endowed with 
deadly weapons. Rattlesnakes, for exam­
ple, can kill each other with a single bite. 
When male rattlesnakes fight, however, 
they never bite. Charles E. Shaw of the 
San Diego Zoo has described the mode 
of combat in one species (Crotalus 
ntber) in detail. The two snakes glide 
along, side by side, each with the for­
ward third of its length raised in the air. 
In this posture they push head against 
head, each trying to force the other side­
ways and to the ground, in accordance 
with strict rules reminiscent of those that 
govern "Indian wrestling." The success­
ful snake pins the loser for a moment 
with the weight of his body and then lets 
the loser escape [see illustration on pre­
ceding page]. Many other poisonous 
snakes fight in a similar fashion. 

Among mammals, the fallow deer 
(D{t1lla dama) engages in a particularly 
impressive ceremonial fight. The rival 
stags march along side by side, heads 
raised, watching each other out of the 
corners of their eyes. Suddenly they halt, 
turn face to face, lower their heads and 
charge. Their antlers clash and they 
wrestle for a while. If this does not lead 
to a decision, they resume their march. 
Fighting and marching thus alternate 
until one wins. What is notable about 
this struggle is that the stags attack only 
when they are facing each other. A mo­
tion picture made by Horst Siewert of 
the Research Station for German Wild­
life records an occasion on which one 
deer turned by chance and momentarily 
exposed his posterior to his opponent. 
The latter did not take advantage of this 
opportunity but waited for the other to 
turn around before he attacked. Because 
of such careful observance of the rules, 
accidents are comparatively rare. 

Mountain sheep, wild goats and ante­
lopes fight similar duels with their horns 
and foreheads, the various species using 
their horns in highly specific ways. From 
observation of clashes between rapier­
horned oryx antelope (Oryx gazella 
beisa) and other African antelope, Fritz 
Walther of the Opel Open-Air Zoo for 
Animal Research concludes that the 
function of the horns is to lock the heads 
of the animals together as they engage 
in a pushing match. In one instance a 
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Westinghouse 

the future 

in your hands 

0 0 0 0 

Television tape may help save your child's life 

Westinghouse scientists and engineers have put together an unusual 

assortment of machines with which doctors hope to write a bright 
new chapter in the history of man's fight against childhood diseases. 

The machines are: A fluoroscope which uses lower radiation 

intensities ... to lower the exposure of the human body. A new 
light amplifying system which makes the image from the fluoroscope 

50,000 times brighter. And a TV camera which picks up the image as 

a moving picture and records it on video tape. This can be played 
back again and again until the trouble is diagnosed, or put on 
television cables and shown to specialists half a world away. 

Physicians hope that this machine will help them diagnose diseases 
and injuries more quickly and accurately than ever before. 

You can be sure • • •  if it's 

Westinghouse @ 
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duel between two oryx antelope in the 
wilderness was observed to begin with 
a display in which the two bulls stood 
flank to flank, heads held high. Then 
they came together in a Rrst clash, only 
the upper third of their horns making 
contact. After a pause the animals 
charged again, this time forehead to 
forehead. They maintained contact by 
touching and beating their horns to­
gether [see illustration on page 116]. 
Oryx antelope never use their horns as 
daggers in intraspecies Rghts. One horn­
less bull observed by Walther carried out 
the full ritual of combat as if he still had 
horns. He struck at his opponents' horns 
and missed by the precise distance at 
which his nonexistent horns would have 
made contact. Equally remarkable, his 
opponents acted as though his horns 
were in place and responded to his im­
aginary blows. 

U ntil Reid observations of this kind 
had accumulated in support of the 

innateness of Rghting behavior, labora­
tory experiments had made a strong case 
for the notion that such behavior is 
learned. Experiments by J. P. Scott of 
the Roscoe B. Jackson Memorial Labora­
tory in Bar Harbor, Me., had indicated, 
for example, that a rat or a mouse reacts 
aggressively toward another rat or mouse 
primarily because of pain inflicted by a 
nestmate early in life. Scott suggests that 
aggressiveness should therefore be con­
trollable by a change in environment; in 
other words, rats that have had no early 
experience of pain inflicted by another 
rat should be completely unaggressive. 

To test this conclusion I raised male 
Norway rats in isolation from their 
17th day of life, ·an age at which they 
do not show any aggressive behavior. 
When each was between Rve and six 
months old, I put another male rat in 
the cage with him. At Rrst the hitherto 
isolated rat approached the stranger, 
sniffed at him and sometimes made so­
cial overtures. But this never lasted long. 
The completely inexperienced rat soon 
performed the species-speciRc combat 
display-arching his back, gnashing his 
teeth, presenting his flank and uttering 
ultrasonic cries. Then the two rats 
pushed, kicked and wrestled, standing 
on their hind legs or falling together to 
the ground. Sometimes the Rghts ended 
at this point, the rat that landed on his 
back giving up and moving away. But 
usually the rats went on to exchange 
damaging bites. The patterns of display, 
tussling and biting were essentially the 
same in the case of the inexperienced 
rats as in the case of those who had 
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been brought �up with other rats and 
were faced by an outsider [see illustra­
tion below J. The steps in the ritual are 
apparently innate and fixed be"havior 
patterns; many of the movements seem 
to be available to each rat like tools 
in a toolkit. 

Raising rats in groups, where there 
was an opportunity for young rats to un­
dergo early painful experiences, provid­
ed another check on the Scott theory. 
The members of a group displayed al­
most no aggressive behavior toward each 
other. The few fights that took place 

rarely included biting; for the most part 
the animals merely pushed each other 
with their paws. But when a stranger 
was introduced into the group, he was 
attacked viciously and was hurt. This 
agrees with observations of wild Nor­
way rats; they live peacefully together 

NORWAY RATS (Rattus norvegieus) fight in a species·specific 

manner whether they are raised in isolation or with a group of 
other rats. The aggressor approaches, displaying his flank and 
arching his back (a) . Then, standing on their hind legs, the two 

rats wrestle. They push with their forelegs (b) and sometimes kick 

with their hind legs (e) . If one rat is forced to his back as they 
tussle (d), he sometimes gives up; otherwise the tournament phase 
ends and the real fight begins with a serious exchange of bites (e). 
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Techn icia ns prepare 
prototype pulse rocket 
firing during one of con­
tinuing series of tests. 

FIring of integrated de- � 
sign, pulse modulated 
control rocket at Vickers 
Research and Develop­
ment Laboratories. 

Pulse modulated control rocket fired 

Bipropellant, integrated rocket 
design developed by Vickers 

for space vehicle control 

Successful firing of a pulse modulated 

bipropellant control rocket at the Re­

search and Development Laboratories 

of Vickers Incorporated marks a sig­

nificant upward step in space vehicle 

control devices. The pulse rocket fea­

tures a unique integrated design con­

cept to insure reliability, fast response, 

high efficiency and low power input. 

Higher Reliability with Less Weight­

The single solenoid design insures per­

fect synchron ization of fuel and 

oxidizer valves. It also accomplishes 

the objectives of reducing weight and 

increasing reliability. Shortened flow 

passages of manifold design for the 

hypergolic bipropellant (N204 and 

N2H./UDMH) further reduce overall 

weight and provide added structural 

strength. 

High Response and Efficiency-Elec­
tric power input and overall system 

response are optimized for best per­

formance. The unique design approach 

combining system integration and op­

timization results in response time in 

the order of a few milliseconds, excel­

lent repeatability of impulse bits, and 

power input requirements of only a 

few watts. 

Logical Extension of Know-how-Vick­

ers unmatched experience in design 

and development of fluid power con­

trols, components and systems with a 

particular emphasis on low weight, 

high response and high reliability pro-

Prototype pulse rocket 
designed for thrust level 
of 1 lb. Basic design con­
cept is applicable to any 
forseeable control rocket 
thrust level. 

vides a solid base for work in the 

relatively new field of space vehicle 

reaction controls. The intensive de­

velopment program has evolved a 

basic design principle that can be 

readily applied to provide control 

rocket thrust levels to meet any for­

seeable requirements. 

Get more details by writing for Bulletin 

A-600S. Vickers Incorporated, Division 

of Sperry Rand Corporation, Detroit 

32, Michigan. 

DIVISION OF SPERRY RAND CORPORATION 

9996 

Recording of pulserocket �, 
firing showi ng typical 1------+--i--lI-\�-o----"-i____:i+---��c---+-+-+H----+--+--Ji-'r__1 
system response. 

TIME (lOmsec/D,v.) 
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SAVE 1/4 INCH 

WITH THIS NEW 

TINIEST 

GENERAL ELECTRIC 

GLOW LAMP 
NEW 
Ale NE2H 

Here's an indicator light that's only two-thirds the SIze 
of G-E glow lamps formerly available. Yet it lasts as long 
and has equal brightness. It's available as a high bright­
ness lamp (Ale) and a standard brightness lamp (AlB). 

This new General Electric glow lamp packs 5 mm 
electrodes into an M.O.L. of >1". Its maximum diameter 
is .244". It operates on standard line voltage, and because 
it uses a higher value resistor than a conventional glow 
lamp, it runs on half the current. This >1" long lamp, 
therefore, has a reduced total light output but because 

its brightness is not reduced, it is just as effective an 
indicator as other glow lamps in most applications. 

You can get this new glow lamp for less than 5¢ each 
in lots of 25,000. (Slightly more with a resistor attached.) 

For complete information write: General Electric Co., 
Miniature Lamp Dept. M-151, Nela Park, Cleveland 12, 
Ohio. Ask for Bulletin No. 3-1504. 

. Progress Is Our Mosf Imporltlnf !>rOque! 

GENERAL e ELECTRIC 
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in large packs but attack any rat not a 
member of their group. Because the at­
tacked animal is able to escape, the 
species has not developed a tournament 
substitute for biting. In the laboratory 
a strange rat introduced into a colony 
from which it cannot escape is likely to 
be killed. In sum, the experiments 
demonstrate that aggressiveness is 
aroused in adult male rats whenever a 
stranger enters the territory, even when 
the defender has had no painful experi­
ence with members of its species. Similar 
experiments on polecats (Putorius pu­
torius) have shown the same results. 

The view that aggressiveness is a 
basic biological phenomenon is support­
ed by physiological studies of the under­
lying neural and hormonal processes. 
Some investigators have actually elicited 
Rghting behavior in birds and mammals 
by stimulating speciRc areas of the brain 
with electrical currents. The mind of a 
newborn animal is not a blank slate to be 
written on by experience. Aggressive be­
havior is an adaptive mechanism by 
which species members are spaced out 
and the Rttest selected for propagation. 
Learning is no prerequisite for such be­
havior, although it probably has an in­
fluence on the intensity and detailed 
expression of aggressiveness. 

In the human species, it seems likely, 
aggressive behavior evolved in the 

service of the same functions as it did in 
the case of lower animals. Undoubtedly 
it was useful and adaptive thousands of 
years ago, when men lived in small 
groups. With the growth of supersocie­
ties, however, such behavior has be­
come maladaptive. It will have to be 
controlled-and the Rrst step in the 
direction of control is the realization that 
aggressiveness is deeply rooted in the 
history of the species and in the physi­
ology and behavioral organization of 
each individual. 

In this connection, it should be em­
phasized that aggressiveness is not the 
only motive governing the interaction of 
members of the same species. In gregar­
ious animals there are equally innate 
patterns of behavior leading to mutual 
help and support, and one may assert 
that altruism is no less deeply rooted 
than aggressiveness. Man can be as 
basically good as he can be bad, but he is 
good primarily toward his family and 
friends. He has had to learn in the course 
of history that his family has grown, 
coming to encompass Rrst his clan, then 
his tribe and his nation. Perhaps man 
will eventually be wise enough to learn 
that his family now includes all mankind. 
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cold: colder: coldest-with FREON®fluorocarbons 
Who can list the incredible range of applications 

made possible by versatile "Freon"':' fluorocarbon 
compounds? Take low-temperature refrigerants. 
Since the development of "Freon-12" in 1931, 
Du Pont has introduced seven different products 
with boiling points lower than -20°F! 

Low-temperature "Freon" fluorocar bons are 
used in the manufacture of oxygen. They also meet 
Armed Forces requirements in environmental test­
ing of materials. In medicine, they permit quality­
controlled prepara,tion 01 

t:
llin and other anti-

• iI' 
, 
[. � 

biotics .. _ allow preservation of virus strain, the 

readying of tissues for microscopic examination. 

In all circumstances, at all temperatures, 

•. Freon" fl uoroca rbon compounds possess excellent 

thermal and chemical stability, low toxicity, low 

viscosity and surface tension. Their unique prop­

erties are tailored for many performance require­

ments. Perhaps yours. If so, write on your letter­

head for facts and figures: E. I. du Pont de Nemours 
&Co. (Inc.), "Freon" Products Division, N-2420SC, 
Wilmington 98, Delaware . 
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Galvanomagnetic. and Thermomagnetic Effects 

Discovered in the 19th centul�y, these phenOlnena (which involve 

the interaction of a lnagnetic field and an electric or thermal 

current) have recentl'y begun to find technological applications 

In following where curiosity leads him, 
the scientific investigator is con­
tinually turning up odd, unexpected 

facts that have no apparent place in the 
mainstream of developing knowledge. 
Often their meaning is obscure, but they 
hardly seem worth the effort of serious 
study. In the long run, however, nature 
has no trivial secrets; science or tech­
nology takes a new turn and a half-for­
gotten curiosity becomes a topic of lively 
interest. The point is strikingly illus­
trated by the so-called galvanomagnetic 
and thermomagnetic phenomena. Their 
very names-the Hall effect, the Ettings­
hausen effect, the Nernst effect and the 
Righi-Leduc effect-have the musty air 
of the old textbooks in which they were 
tucked away as afterthoughts in the sec­
tions on electricity and magnetism. To­
day they are under active investigation 
in many laboratories. A number of prom­
ising applications for them have already 
emerged and more are on the way. Yet 
until a few years ago it took a well­
equipped laboratory and a careful ex­
perimenter to detect the effects at all . 

The reason for the sudden flare of at­
tention is the advent of semiconductors. 
These materials are having a truly revo­
lutionary impact on the understanding 
of the electrical behavior of solids and 
on the technology that flows from this 
understanding. Their importance is by 
no means limited to transistors. They 
have made possible a young industry 
based on thermoelectricity [see "The Re­
vival of Thermoelectricity," by Abram F. 
Joffe; SCIEKTIFIC AlvIERICAK, November, 
1958], and they are in a fair way to do 
the same for galvanomagnetism and 
thermomagnetism, both of which are 
closely related to thermoelectricity. 

This is getting ahead of the story, 
however. To begin with, just what are 
these ponderously named effects? The 
first to be discovered, and the best 
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known, was reported in 1879 by E. H .  
Hall a t  Johns Hopkins University. I t  is 
most easily demonstrated in a flat, rib­
bon-like conductor. When the conductor 
is placed in a strong magnetic field per­
pendicular to the plane of the ribbon and 
an electric current is sent along its 
length, a voltage difference appears be­
tween points on the opposite edges of 
the ribbon [see illustration at top left 011 
opposite page). The amount of the volt­
age is directly proportional to the 
strength of the current and of the field 
and is inversely proportional to the thick­
ness of the ribbon (that is, to the dimen­
sion parallel to the field) . Reversing the 
current or the field reverses the direction 
of the voltage. The Hall effect is very 
small in metallic conductors. For exam­
ple, a copper ribbon one-hundredth of 
an inch thick, carrying one ampere of 
current and placed in a field of 12,000 
gauss develops a potential difference of 
.24 microvolt. (A microvolt is a millionth 
of a volt.) 

The second galvanomagnetic effect is 
a temperature difference produced 

in the same way as the Hall voltage. It 
was first observed in 1887 by a German 
physicist, Albert von Ettingshausen. As 
in the former case, the temperature dif­
ference appears in a direction at right 
angles to both the electric current and 
the magnetic field [see illustration at top 
right 011 opposite page). The magnitude 
of the effect again varies directly with 
the current and field strength and in­
versely with thickness; it also reverses 
with a reversal of the current or the field. 
In a copper electrode under the same 
conditions given above, the temperature 
difference from edge to edge is .000075 
degree Centigrade. 

In 1886, while studying the Hall ef­
fect in bismuth, Ettingshausen and Wal­
ther Nernst noticed certain irregularities 

in the results that suggested a different 
type of experiment. They placed their 
bismuth ribbon in a magnetic field, but 
instead of sending an electric current 
through the conductor they warmed one 
end so that a current of heat would flow 
down the ribbon instead . Connecting a 
galvanometer between the opposite 
edges, they detected a flow of current. 
As they had suspected, the magnetic 
field and heat current combined to pro­
duce a voltage in the direction perpen­
dicular to both [see illustratioll at bottom 
left on opposite page). The size of the 
N ernst effect, as this thermomagnetic 
effect came to be called, varies directly 
with the magnetic-field strength, the 
temperature gradient along the strip and 
the width from side to side. Reversing 
the field or the heat flow reverses the 
voltage. A bismuth strip in a field of 
9,000 gauss, with a temperature gradient 
of 100 degrees C. per inch, develops 
.0012 volt per inch of separation be­
tween the electrodes. 

In the course of their thermomagnetic 
investigation Ettingshausen and Nernst 
also looked for a transverse temperature 
difference, but they failed to find one. 
In the next year, however, Augusto Righi 
in Italy and Sylvestre Anatole Leduc in 
France independently and almost simul­
taneously discovered that a magnetic 
field does produce a temperature differ­
ence across the width of a metal strip 
through which a heat current is flowing 
longitudinally [see illustratiOI1 at bottom 
right 011 opposite page). In a bismuth 
plate under the conditions just men­
tioned the difference amounts to about 
one degree C. between the sides (per­
pendicular to the field and the heat cur­
rent) . As the reader will probably have 
anticipated, the Righi-Leduc lateral 
temperature difference turns out to be 
directly proportional to the field strength, 
to the temperature gradient along the 
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HALL EFFECT, or Hall voltage, is the transverse voltage differ· 

ence that appears when a magnetic field is applied perpendicularly 

to a longitudinal electric current. The effect is galvanomagnetic. 

MAGNETIC 

FIELD 
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THERMAL CURRENT 

NERNST 

VOLTAGE 

NERNST EFFECT, or Nernst voltage, is the transverse voltage dif· 

ference that appears when a magnetic field is applied perpendicu. 

larly to a longitudinal thermal current. The effect is thermomagnetic. 

MAGNETIC 

FIELD 

LONGITUDINAL 

ElECTRIC CURRENT 

L-_____ TEMPERATURE -------' 
{ ETTINGSHAUSEN } 

DIFFERENCE 

ETTINGSHAUSEN EFFECT is also galvanomagnetic. 1t is the tern· 

perature difference appearing in a direction perpendicular to both 

the longitudinal electric current and the applied magnetic field. 

MAGNETIC 

FIELD 

LONGITUDINAL 

THERMAL CURRENT 

1--_____ TEMPERATURE ------....1 
{ RIGHI-LEDUC } 

DIFFERENCE 

RIGHI.LEDUC EFFECT is the transverse temperature difference 

that appears when a magnetic field is applied perpendicularly to a 

longitudinal thermal current. This effect is also thermomagnetic. 
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... enjoy the properties of 
Precious Metals with the 
economy of conventional 
metals and alloys 
When you want the excellent electrical, 
thermal and other properties of silver or 
gold and their alloys- but need them only 
in a limited area of a part or component 
-Handy & Harman Bimetals can often 
provide these qualities ... at a saving. 

Handy & Harman Bimetals consist of one 
or more layers of a precious metal such as 
fine silver, sterling or coin silver, silver­
magnesium·nickel, silver-capper-nickel, 
silver·cadmium, silver-cadmium oxide or 
gold and its alloys permanently bonded to 
a selected base material. 

By thus teaming the properties of the 
precious metal with those of copper, 
brass, bronze, nickel alloys or certain iron 
alloys, parts can, in many instances, be 
produced with greater economy and with 
important gains in strength and perform­
ance besides. Available as inlays, corner­
inlays, edgelays, overlays, thrulays and 
wire, Handy & Harman Bimetals find eco­
nomical use as raw materials for further 
fabrication in manufacturing electrical 
contacts, waveguide tubing, collector rings 
and other critical components. 

As the nation's foremost manufacturer of 
precious metal products for all manner 
of uses, Handy & Harman brings a unique 
depth of experience to bear in the solution 
of your problems. Would you like further 
information on Bimetals or any of our 
other products? Just phone or write for 
our new Bimetals Data Sheet. 

HANDY & HARMAN 
850 Third Avenue, New York 22, N. Y. 
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POTENTIAL 
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PELTIER EFFECT 
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EFFECTS AND THEIR CAUSES can be related ill this diagram by reading the arrows as 

"gives rise to." The four galvanomagnetic and thermomagnetic effects (see illustrations on 
preceding page) require a magnetic field; Seebeck and Peltier effects (both thermoelectric) 

do not. Thus one might read: "A longitudinal electric current in a transverse magnetic 

field gives rise to a transvet'se potential difference. This phenomenon is the Hall effect." 

length of the strip and to the distance 
from edge to edge. The direction of the 
difference reverses with reversal of field 
or heat current. 

Although the thermoelectric effects 
are not part of the present story, they 
round out the interrelations among elec­
tricity, heat and magnetism. Both have 
been known since the early 19th century. 
In one, named for Thomas Johann See­
beck, two unlike metals are jOined in 
two places and the junctions are main­
tained at different temperatures: a 
voltage appears between the junctions. 
The other, named after Jean Charles 
Athanase Peltier, is the inverse of the 
Seebeck effect: when electric current is 
passed through the two conductors, one 
junction is heated and the other cooled. 
A pleasing symmetry connects the three 
types of effect [see illustration above]. 

A 

B 

C 

LORENTZ FORCE (C) experienced by 

an electron (open circle) traveling (B) 
through a transverse magnetic field (A) is 
perpendicular to the direction of both mo­

tion and field. A reversal of the motion, 

of the field or of the charge on the particle 

reverses the direction of the Lorentz force. 

Like all atomic phenomena, the gal­
vanomagnetic and thermomagnetic ef­
fects can be explained in detail only in 
terms of quantum mechanics. A simpler 
"classical" picture, however, can account 
for them in a general way. Underlying 
all the phenomena is the Lorentz force, 
the fundamental interaction between 
electric charges and magnetic fields. Any 
charged particle moving through a mag­
netic field experiences a force that is per­
pendicular both to its direction of mo­
tion and to the direction of the field. The 
size of the force is directly proportional 
to the amount of charge, the velocity of 
the particle and the strength of the field. 
Reversing the sign (plus or minus) of 
the charge, the direction of the particle 
or the direction of the field reverses the 
direction of the Lorentz force. 

If the particle is an electron, both the 
magnitude and the sign of its charge are 
fixed. In that case the Lorentz force de­
pends only on the velocity of the electron 
and the strength of the magnetic field. 
The direction of the force can be re­
membered by a kind of left-hand rule: 
the thumb and first two fingers of the 
left hand are held at right angles to one 
another; the index finger is pointed in 
the direction of the field and the middle 
finger in the direction of the electron's 
travel; then the thumb points in a direc­
tion opposite to that of the Lorentz 
force [see illustration at left]. 

With the rule in mind, consider the 
Hall experiment again [see top illustra­
tion on page 130]. Looking at the metal 
slab broadside rather than end on, the 
current flows horizontally. Essentially 
electric current in a metal is composed of 
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He's solving 
a rea I estate 
problem 
This AMF engineer's job is deter­

mining how best to move big missiles 

off shore for launching. Should they 

be floated out horizontally, flooded 

to an upright position, and then 

launched? Or, would it be more fea­

sible to barge them out? Might they 

be moved to or assembled on "Texas 

Towers," or would a causeway or 

simply land-fill be the answer? 

Behind the project is our shrinking 

real estate at launching sites, plus the 

hazards inherent in launching Sat­

urn-sized missiles (and the coming, 

nuclear-powered missiles) near other 

installations. Off-shore launching 

may be the answer. 

Feasibility studies of all types are 

an AMF specialty. What kind of 

remotely controlled machinery is 

required to service nuclear-powered 

aircraft? What kind of habitation 

could be built on (or under) the sur­

face of the moon? What sort of 

machines (manned and unmanned) 

could survey the moon's surface 

without, for example, falling into a 
fissure? What is the best way to 

assemble a space station? All these 

are problems AMF engineers are 

presently investigating. 

If your problem is the first of its 

kind, AMF will not, of course, have 

met it before. But AMF's long expe­

rience in accepting totally unique 

challenges gives it an advantage 

enjoyed by few other organizations 

concerned with ground support 

launchability and space environ­

ment. To get further information 

write American Machine & Foundry 

Company, 261 Madison Avenue, 

New York 16, N. Y. 

MACHINE & FOUNDRY COMPANY 
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BAND THEORY OF SOLIDS, discussed in the text, describes elec· 

trical conduction in terms of allowed and forbidden "bands" (or 

groups) of energy levels. Represented here are the band schemata 

of an insulator (a), metal (b) and four types of semiconductor: in. 
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trinsic (c), n-type (d), p·type (e) and mixed (f). Black dots are 

electrons. An insulator has a wider forbidden zone than a metal 

or semiconductor. Donor and acceptor levels are energy levels of 

electrons of donor and acceptor impurities in the semiconductors. 
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a stream of freely moving electrons. Sup­
pose they move from right to left, as in 
the illustration. Pointing the left middle 
finger to the left and the index finger up­
ward along the magnetic field, one finds 
the thumb pointing toward the back 
edge of the slab. In other words, the 
Lorentz force pushes the electrons to­
ward the front edge and they tend to 
accumulate there, making that edge 
negatively charged and leaving the back 
edge positively charged. The diversion 
of electron flow continues until the nega­
tive charge repels electrons from the 
front edge as strongly as the Lorentz 
force pushes them· toward the edge. 
From this point on the particles How 
parallel to the axis again. 

So much for the Hall voltage. How 
does the same electric current and mag­
netic field produce the Ettingshausen 
temperature difference? To account for 
the latter phenomenon the crude picture 
of electron flow must be refined. In addi­
tion to any motion they may have in 
response to an applied voltage, the mo­
bile electrons in a metal are always 
engaged in an irregular, random thermal 
dance. The actual velocity of any par­
ticular electron at a given moment is 
the sum of its motions due to the electric 
field and to heat. Therefore, although 
the average drift velocity of electrons in 
an electric current is constant, the in­
dividual velocities vary over a wide 
range. Now the faster an electron moves, 
the greater the Lorentz force a field ex­
erts on it. So the faster-moving particles 
are pushed more strongly to the edge. 
Moreover, the faster-moving particles 
carry more thermal energy. In short, the 
Lorentz force pushes harder on the 
"hotter" electrons than on the "colder" 
ones and builds up a lateral temperature 
difference. 

As for the thermomagnetic effects, the 
mechanism is very similar to the one 
just described. In metals heat is conduct­
ed largely by a convection current of 
electrons: the electrons at the heated end 
are moving faster, on the average, than 
those farther along, and so energy (that 
is, particle velocity) diffuses toward the 
cooler end. Hence a thermal current is 
in effect a motion of high-speed electrons 
in the direction of heat flow. The Lorentz 
force acting on these particles piles up 
negative electric charge at one edge and 
leaves the opposite edge positive, pro­
ducing the Nernst voltage. Moreover, 
the faster-moving electrons are pushed 
harder, so that the negatively charged 
edge is also hotter than the opposite 
edge. This is the Righi-Leduc tempera­
ture difference. 

The mechanisms that have just been 

Although most of our sales are to individuals, every week we ship more and more 
Questars to laboratories and special projects, great and small. When reorders come 
in we wonder what new and fantastic uses are being found for the instrument we 
are so proud to make and sell. We know but few of these, but we have learned 
from enthusiastic users that Questars do follow missiles, find and photograph re­
entering nose cones, and take high speed pictures of tiny particles. Where 
exploding wires formerly fouled a near lens, Questars now record the event from 
the far side of the room. They feed all sorts of motion picture cameras and color 
television devices. The latest operating theatres here and abroad plan to build in 
Questars for closed circuit viewing of surgery. 

When people phone to discuss the feasibility of Questar for some new project, 
we try to tell them all we know. Life has taught us that the full-mounted Questar, 
which may at first glance suggest only its astronomical use, is actually in the most 
practical form for an experimental tool. Its rigid mounting permits rock-steady 
images, its axially-rotatable barrel provides incomparable comfort, while without the 
built-in finder you would be lost indeed. For this little tiger of telescopes must be 
precisely pointed and controlled as it delivers images magnified hundreds of times to 
your eye or camera. 

In ordering a Questar for laboratory use, remember that the staff as well as 
yourself will find its use after hours a stimulating and rewarding experience. There is 
nothing in the world like the superfine Questar, which would have to sell for at least 
$2000 if we distributed through retail 
channels. There are no Questar dealers, 
so the net wholesale factory price is still 
only $995 for everyone. May we send you 
our 32-page booklet with the whole story? 

From on axl 0 print of a flying squirrel forty feet distant 

QUlESTAR 
Box 20 New Hope, Pennsylvania 
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described apply to any metallic con­
ductor, but they do not explain why 
some metals exhibit stronger galvano­
magnetic and thermomagnetic effects 
than others, nor why semiconductors 
yield much larger effects than any metal. 
To understand the reason for these dif­
ferences it is necessary first to look more 
closely at the process of conduction. Ac­
cording to quantum theory the electrons 
in a crystalline solid can have certain 
energies and cannot have certain other 
energies. On an energy graph the "al­
lowed" energies form a series of virtually 
continuous bands separated by gaps of 
"forbidden" energies [see illustration on 
page 128]. The topmost region of al­
lowed energies is called the conduction 
band; the next allowed region below it, 
the valence band. 

HALL EFFECT IN N-TYPE SEMICONDUCTOR (color) is the transverse voltage resulting 

from the deflection of negative electrons toward one edge of the semiconductor. In a p-type 

semiconductor the current direction and Hall voltage are reversed. "Electron current" is to 

be distinguished from conventional current, which by definition flows from plus to minus. 

A metal is a solid in which the upper­
most occupied energy levels are very 
close to some unoccupied energy levels; 
that is, the conduction band is partly 
filled. This means that if one of the elec­
trons in the band gains energy from an 

A.c. INPUT 

" 
" 

applied voltage, there is a vacant state 
at a slightly higher energy level waiting 
to receive it. To put it another way, a 
partly filled conduction band means that 
there are mobile electrons, able to ac­
cept energy from an external field and 
therefore to conduct electric current. 

In an insulator there are no electrons 
in the conduction band, and the valence 
band is full. Moreover, the forbidden 

ELECTROMAGNET gap between the two levels is wide, so 
that under ordinary conditions a valence 
electron cannot gain enough energy to 
jump into the conduction band. And if 
it cannot get into the conduction band, 
it cannot accept any energy at all be­
cause there is no empty allowed state ac­
cessible to it. In short, an insulator has 
no conduction electrons. 

Semiconductors are in some respects 
like insulators, but in semiconductors 

AMPLIFIER·CONVERTER depicted here uses the Hall effect to produce an alternating· 

current (A.C.) output from a direct·current (D.C.) input. The output (or Hall voltage) is 
alternating because the Hall crystal (color) is subjected to an alternatiug magnetic field. 

The output is proportional to the D.C. input and can be further amplified electronically. 

the forbidden gap is much narrower. At 
room temperature or even lower some 
electrons in the filled valence band have 
enough thermal energy to jump across 
the forbidden gap and enter the con­
duction band. The higher the tempera­
ture, the larger the number that will be 
pushed up. These electrons are then 
free to accept electrical energy and to 
move through the material. In addition, 
the sites, or "holes," left vacant in the 
valence band become charge carriers in 
themselves. An electron near a hole can 
jump in and fill it, leaving a new hole in 
the place it had occupied. This in turn 
can be filled by a neighbor farther along, 
and so on. Current is actually carried by 
electrons moving in relays, but it can 
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UQUIDOMETER 1·38 FUEL GAGING SYSTEM uses capacitor type 

tank units to feed master indicator in one cockpit. Re­

peater indicator duplicates information in second cockpit. 

T·38 uses two of these systems. 

Fastest way to train free world's pilots 

THE u.s. AIR FORCE has added an important new step to 
its supersonic jet training program. With the twin-jet, dual­
cockpit T-38 Talon, U.S. pilots are now taught to handle a 
supersonic aircraft as soon as they complete primary instruc­
tion. The T-38, developed and produced by Northrop Cor:.. 
poration's Norair Division, has many features in common 
with the finest operational U.S. jet fighters. Among them is 
its precise fuel-quantity gaging system designed and pro­
duced by The Liquidometer Corporation, for 35 years a leading 
supplier of instrumentation to the aircraft industry. 

FREE 
IDEA BOOK 
has 43 diagrams 
and illustra­
t i on s  on a i r­
craft fuel gag .. 
ing systems. 
Write today. 

THI: LlQUIDOME:TE:R CORP. 
DEPT; W, LONG ISLAND CITY I, NEW YORK 
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SIMPLE MULTIPLYING CIRCUIT consists of a Hall crystal (color) and a solenoid. Since 

the Hall voltage is proportional to the primary input (Input 2) and to the solenoidal current 

(l "put 1), which determines the magnetic.field strength, this type of circuit can be used to 

compute the product of any two quantities that can be represented by an electrical input. 

MAGNETIC FIELD 

HALL 

VOLTAGE 

CLIP·ON AMMETER is essentially a Hall crystal (color) located to intercept the magnetic 

field around a conductor. Since the Hall voltage is proportional to the magnetic·field 

strength and hence to the current in the conductor, this current can be calibrated directly 

in amperes if the primary input (from a battery) to the Hall crystal is accurately known. 
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equally well be pictured as a flow of 
positive holes in the opposite direction. 
In "intrinsic" semiconductors, such as 
very pure germanium or tellurium, this 
is the whole story. Electric current is 
carried equally by mobile negative elec­
trons and mobile positive holes. 

Most semiconducting materials have 
more free electrons than holes, or vice 
versa. In these "extrinsic" semiconduc­
tors most of the charge carriers are pro­
vided by small numbers of impurity 
atoms. If the impurity atoms have an 
excess of electrons compared with the 
atoms of the main material and the 
electrons have an energy not far below 
the level of the conduction band, they 
are easily excited into the conduction 
band. The impurity acts as a donor of 
electrons and the material is said to be 
of the n type, meaning that most of its 
charge carriers are negative. On the oth­
er hand, the impurity atoms may lack 
electrons compared with the base mate­
rial and have an energy placing them 
slightly above the top of the valence 
band. The impurity can then accept elec­
trons raised out of the valence band by 
thermal energy and so create mobile 
positive holes. This is a p-type semicon­
ductor. Sometimes both acceptor and 
donor impurities are added to provide a 
mixed type of extrinsic semiconductor. 

Compared with metals, all types of 
semiconductors are poor in charge 

carriers. Intrinsic indium antimonide, for 
example, has about one charge carrier 
per million atoms at room temperaure; 
copper has one for each atom. It is pre­
cisely this paucity of carriers that makes 
semiconductors strongly galvanomag­
netic and thermomagnetic. 

To see why, consider the Hall 
phenomenon again. The Hall voltage (as 
well as each of the other effects) is pro­
duced by the action of the Lorentz force 
on moving charge carriers. (The force 
can be thought of as acting directly on 
positive holes in a direction opposite to 
the force on a negative charge. Actually 
it is exerted on the counterflow of elec­
trons.) The faster the carriers move, the 
greater are the force and the voltage. 

Imagine the Hall experiment per­
formed with two strips of the same 
dimensions, one copper and the other 
indium antimonide. The electric current 
is made the same in each, and they are 
placed in equal magnetic fields. The 
number of carriers flowing in the copper 
is many times greater than the number 
flowing in the indium antimonide. If 
the total current-that is, the rate of 
charge transfer-is the same in each, the 
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ADVANCING 
MAN'S 

KNOWLEDGE. 

Miles Laboratories' recently-completed research 

center - an extension of present research facilities­

will become the headquarters for our growing organi­

zation's expanding pharmaceutical research activities. 

Equipped with modern laboratory tools and designed 

to encourage interdisciplinary exchange of informa­

tion and ideas, this new facility will provide an 

unusually fine research environment. Our competent 

professional staff is encouraged to apply creative 

research approaches in advancing man's knowledge 

in Biology, Biochemistry, Chemistry, Enzymology, 

Microbiology, Immunology, Pharmacology and Physi­

ology. The company's continuing goal will be the 

development of pharmaceutical products by advanc­

ing the state of the art through creative research. 

Inquiries may be directed in complete confidence to: 

Dr. R. F. McCracken 

Coordinator of Management Recruitment 

(Personal discussions can be arranged at your 

convenience, including Saturdays, in Elkhart, Indiana) 

MILES LABORATORIES,INC. 
and AMES COMPANY, INC.* 

1127 Myrtle Street, Elkhart, Indiana 

If you are a qualified 
scientist and believe 
Miles Laboratories, Inc. 
may offer you a challenging 
position, you are invited 
to investigate these openings: 

STAFF RESEARCH IMMUNOLOGIST 
Will be responsible for staffing and leading a group of immunologists 
in a research program leading towards applications in the diagnosis and 
treatment of diseases. Must have a Ph.D. and/or M.D. degree plus 
several years' experience. 

RESEARCH BIOCHEMIST 
Principal responsibilities will involve conducting independent research 
programs for new enZyme products, to improve existing enzyme prod­
ucts and .investigation of enzyme components, separation, purification, 
optimum perfonpance, specificity studies and assay procedures. Must 
possess a Ph.D. in chemistry or biochemistry plus several years' experi­
ence in enzymological research. 

RESEARCH CHEMIST 
To define research objectives and programs and engage in basic and 
applied research. Should hold a Ph.D. in chemistry and several years' 
experience in organic synthesis, polymers, resins, and/or plasticizers. 

RESEARCH INFORMATION SCIENTIST 
Will work closely with laboratory chemists in collecting, evaluating, 
organizing and presenting scientific information pertinent to a current 
or proposed program having potential diagnostic or therapeutic interest. 
Must have Ph.D. in organic or medicinal chemistry or in a biological 
science. While previous science information experience is desirable, 
it is not a prerequisite. 

ASSISTANT RESEARCH CHEMIST 
Will perform various functions under guidance of research biochemist 
in enzyme analysis, isolation and screening. Must have a minimum 
of B.S. in chemistry and interest in biochemical, pharmaceutical or 
medical research. 

ASSISTANT RESEARCH BIOCHEMIST 
Will be responsible for carrying out clinical 'chemical investigations in 
connection with laboratory evaluations of new drugs. Should possess 
a B.S. in chemistry or biology plus experience as a medical technologist. 

An Equal Opportunity Employer • Ames Company, l,!�, is an ethical pharmaceutical
, 
division of Miles Laboratories, Inc. 

lOur new Research Center is located in Elkhart, Indiana, a clean, progressive city of 40,000 people. In Elkhart, schools are among the best 

in the middle west and year 'round cultural and recreational activities for the whole family are only minutes from your door. 
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STEP 
AHEAD 

Chance Vought keeps ahead of the fast changing demands of science and 
technology through emphasis on research, development and creative engineering. 
Major contracts at Vought include important military and NASA projects such as 
SATURN, SLAM, DYNA-SOAR and V TOL. These are key programs-programs 

that have created new technical openings with excellent growth potential. 

If you have a degree in engineering and 2 years' direct industry experience, 
investigate these and other opportunities at Chance Vought in Dallas. 

• CONCEPTUAL AND PRODUCT DESIGN 
• AERODYNAMICS 
• STRUCTURES 
• DYNAMICS 

INQUIRE T OD AY AND SUBMIT Y OUR RESUME TO: 

Professiona I Placement � CHANCE VOUGHT CORPORATION 
a subsidiary of Ling-Temco-Vought, Inc. 

CRYOGENICS 

Write us for low temperature, high vacuum 
equipment to use in your liquid hydrogen work! 

o Hydrogen Liquefiers 0 Liquid Storage 
o Hydrogen Cryostats and Transport 
• Valves and Lines • Refrigerators 

20°_ 30° K 
Liquid hydrogen p;ovides an ideal medium for 
research in the range of 20°_ 30° K. Cryenco 
engineers have pioneered many of the phases of 
work in this area. Today. these men are avail­
able to you for production of equipment and 
hardware that you need - both standardized and 
custom built. An example of the background of 
these men is the fact that Cryenco engineers have 
worked on all of the major refrigerator-liquefiers 
used for hydrogen bubble chambers in the free 
world. A 2,570 watt, 208 liters/hour hydrogen 
refrigerator-liquefier is now under construction 
in our plant. Hydrogen dewars and cryostats are 
being designed and fabricated from small sizes 
up to railroad tank car capacities. Cryenco men 
are ready to go to work on your hydrogen equip­
ment problems-free your physicists and engi­
neers for fundamental work. Write for standard 
equipment catalog, or send us your specific re­
Quirements for our quotation. 

CRY'ENCO 
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Cryogenic Engineering Co. 
228 W. 48th Ave., Denver 16, Colo. 

Low Temperature, High Vacuum 
Equipment and Engineering 

P. O. Box 5907 Dallas 22, Texas 

SR. MATERIALS SPECIALIST 
A challenging opportunity exists 
for a Materials Specialist who 
will have responsibility for the 
selection of materials for ad­
vanced aero space vehicles and 
the direction of their evaluation 
in the laboratory. 

A new program offering ex­
tensive growth potential requires 
theoretical analysis and labora­
tory research toward selection of 
structural and ablative materials 
for re-entry, and evaluation of 
their performance under electro 
magnetic radiation effects and 
in a hard vacuum environment. 

An excellent research library 
and fully equipped materials 
test laboratory are available. 

An advanced degree in Physi­
cal Chemistry, Physics, or Physi­
cal Metallurgy is desirable, how­
ever all candidates with equiva­
lent experience will be consid­
ered. 

Cantact Mr. R. P. Bucci for further 
information. 

CHRYSLER 
MISSILE DIVISION 

P.O. Box 21>28 Detroit 31, Michigan 
(An Equal Opportunity Employer) 

carriers in the indium antimonide must 
have a much higher drift velocity than 
those in the copper. For this reason they 
experience a stronger Lorentz force, and 
this in turn means a larger Hall voltage 
at equilibrium. In fact, in indium anti­
monide the Hall effect is about a million 
times greater than the effect is in copper. 
The Ettingshausen, Nernst and Righi­
Leduc coefficients are also comparably 
larger. 

If semiconductors have enhanced the 
importance of the Hall effect, it is also 
true that the Hall effect provides a pow­
erful means of studying semiconductors. 
In the first place, almost all the large­
scale results of passing a current through 
a semiconductor are identical regardless 
of whether it is n-type or p-type. Not so 
the Hall voltage. If a current is carried 
predominantly by electrons traveling, 
say, from right to left as in the case al­
ready discussed, the electrons tend to 
pile up at the front edge, making it nega­
tive and the back edge positive. But if 
the same current is carried chiefly by 
holes moving from left to right, the 
force on the holes is in the same direc­
tion-toward the front. This is because 
both the sign of the charge carrier and 
its direction of motion have been re­
versed. Therefore positive charge now 
builds up at the front and the direction 
of the voltage is reversed. By observing 
the polarity of the Hall voltage it is pos­
sible to distinguish between n-type and 
p-type materials. 

As has been mentioned, the number 
of available charge carriers in a semi­
conductor increases with temperature; 
the more charge carriers, the lower the 
Hall voltage. Measuring the Hall effect 
at different temperatures is a way of de­
termining the number of free carriers 
at these temperatures, and therefore the 
energy required to activate the donor 
or acceptor atoms. 

In addition to its use as an experimental 
tool, the Hall effect has already found 

a number of practical applications. Per­
haps the most obvious is in measuring 
the strength of magnetic fields. A semi­
conductor strip is placed in an unknown 
magnetic field with its plane perpen­
dicular to the field direction, and a 
small, accurately known current is sent 
through it. The Hall output voltage is 
then proportional to the unknown mag­
netic field. The voltmeter on which the 
output is read can be calibrated directly 
in units of magnetic-field intensity. 

Devices operating on these effects 
have an inherent advantage over other 
semiconductor arrangements: they can 
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• HATHAWAY'INSTRUMENTS, INC., (See also The Lionel Corporation) 

• THE LIONEL CORPORATION, (Now includes Hathaway Instruments, Inc.) 
• Clemco Aero Products, Inc., Gardena, California • Dale Electronics, Inc., Columbus, Nebraska • Hathaway Instru· 

ments Division, Denver, Colorado • Induction Heating Corp., (Ther.Monic ® ), Brooklyn, New York • Intercontinental 

Manufacturing Co., Garland, Texas. Lionel Electronic Laboratories, Brooklyn, New York . Lionel·Wadsworth, (Ultra. 
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California. Telerad Division, Flemington, New Jersey. Lionel Toy and Train Division (and Lionel/Porter), New York, 

New York '/ The merging of Lionel and Hathaway generates an unusual capability in the fields of electronics, hydraulics, 

and nucleonics. From components through subsystems to complete military systems projects, Lionel can be counted upon 

as a proven source with a new corporate competence. 

THE LIONEL CORPORATION 
Executive Offices: Hoffman Place, Hillside, New Jersey 
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ELECTROSTATIC GENERATORS 

Utilized Worldwide for Applications in : 

Nuclear Physics, Insulation Testing, 
Electron Microscopy, Mineral Separation, 
Electrostatic Precipitation 

Provide High-Voltage Power Supplies in a 
Wide Range of Models . . .  Featuring : 

• Essentially pure DC output 

• Voltages to 600 KV, infinitely variable 

• Current to 14 ma 

• Medium or High Stability, to 0.1% hr. 
drift 

• Easily adjustable, closely regulated out­
put voltages to .001 % 

• Simplified maintenance, long life 

• Extreme safety : Low output capacitance, 
Minimal short-circuit & overload currents, 
Remote adjustment & shut down 

Write now for new Catalog 100 covering the com· 
plete line 0/ Sames Electrostatic Generators. 

Dept. 112, 30 Broad St., New York 4, N. Y. 

- 1 00° F o n  two 
Am peres 
Instant ice - and steam 

- from a battery power· 

ed device enables a lead. 

ing a ircraft  maker to 

produce better planes. 

Better b a t t e r i e s ?  Buy 

B U H G E S S  - famous 

for  d e p e n d a b l e ,  long­

lasting power ! 

BURG ESS BATTERY COMPANY 
OIVlSION OF SERVEL. INC. 

FREEPORT, ILLINOIS NIAGARA FALLS , CAN. 
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Materials 
Engineers 

The Research Division of Amedcan­
Standa"d, a small, rapidly expand­
ing research organization of a large 
diversified corporation has openings 
for resea" ch personnel to carry out 
projects in the field of solids me­
chanics and mate"ial behavior. The 
work is analytical in nature and is 
concerned with such areas as brittle 
and ductile faiIUl'e and viscoelastic 
behavior. 

Applicants should have either a B.S. 
in Physics, Math or Engineering and 
o to 3 years experience or an ad. 
vanced degree and 0 to 5 years ex· 
pe,·ience. 

Starting salaries cornmen surate with ex .. 
perience. Re location assistanc..� provided. 
Laborato1'Y facilities m'e in the S'U·rnmit­
Sprin gfield area of New Jersey. 

Submit resume to 

Director of Research , Box SA 1 0 1 

� . 
� AMERIC�:$tanda .. d 

40 West 40 Street , New York 1 8 .  N. Y .  

isolate the input or control circuit from 
the output circuit. Just as in a transform­
er, a magnetic field connects input and 
output, which are electrically separate. 
An example of this type of application 
is a converter-amplifier [see bottom illus­
tration on page 1 30] . A direct current is 
fed as an input to a semiconductor strip 
located in the field of an electromagnet. 
The coils of the magnet carry an alter­
nating current of constant amplitude, 
giving rise to an alternating magnetic 
field. The Hall voltage taken off the strip 
is therefore an alternating voltage, the 
size of which is proportional to the di­
rect-current input. The output can be 
fed into an electronic amplifier, and the 
result is a high-gain, low-noise, stable, 
direct-current amplifier with no moving 
parts such as are present in mechanical 
commutating devices. 

Since the Hall voltage is proportional 
to both the primary exciting current and 
the magnetic field strength, it in effect 
multiplies these two quantities together. 
This fact can be put to use in analogue 
computers . A Hall element is placed in­
side a wire solenoid, and two direct cur­
rents are fed in, one to the solenoid and 
the other to the element itself. The mag­
netic field is proportional to the solenoid 
current and therefore the Hall output 
voltage is proportional to both currents; 
in other words, to their product. 

One of the simplest Hall-effect instru­
ments is a clip-on ammeter. It operates 
on the magnetic field that is set up 
around any current-carrying conductor. 
The ammeter is located so that it inter­
cepts this induced field while a small, 
accurately known primary current from 
a battery is supplied to the device. The 
Hall output voltage is proportional to 
the magnetic field, which is in turn pro­
pOl-tional to the current in the conductor. 
The output meter can be calibrated di­
rectly in amperes. Both alternating and 
direct currents, ranging from one milli­
ampere to thousands of amperes, can be 
measured by HaJJ effect ammeters. 

Recent studies in both the U . S .  and 
Australia suggest the possibility of utiliz­
ing the Ettingshausen effect as a practi­
cal means of refrigeration. The work is 
still in its early stages, but with the ad­
vances that are being made in materials 
and construction technology, an Ettings­
hausen refrigerator should be realized 
in the next few years. 

Probably the most obvious application 
of all is one that would make use of the 
Nernst effect as a means of converting 
heat directly into electricity. This excit­
ing possibility awaits exploration by the 
many engineers and scientists now 
working in the field of direct conversion. 
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PREHISTORIC SWISS LAKE DWELLERS 

For a century it has been widely accepted that the early Swiss 

built their houses on stilts over a lake. New excavations at the 

Lake of Burgaschi have shown that this quaint picture is mythical 

Nearly everyone has heard about 
the lake dwellers of prehistoric 
Switzerland, who are said to 

have built their houses on stilts out over 
the water. There they were, in the land of 
the Alps, living like South Sea Islanders! 

One man is primarily responsible for 
this rather romantic idea. In 1854 Ferdi­
nand Keller, a reputable Swiss archae­
ologist, reported on a field of upright 
wooden pilings extending a few inches 
above the shore of the Lake of Zurich 
and exposed to view by a fall in the wa­
ter level. Ethnologists had recently de­
scribed whole villages in the Pacific is­
lands that were built over water, the 
houses standing on platforms supported 
by logs driven into the water bed. With 
this image in mind, Keller proceeded to 
enlarge on the Zurich pilings. In prehis­
toric times, he wrote, Switzerland had 
been inhabited by people who lived in 
villages built on platforms over lakes 
[see top illustration on opposite pagel. 
The statement found such immediate 
and widespread support that it was 
passed on virtually unaltered for near­
ly 100 years, not only in popular books 
on archaeology but in professional 
works as well. Tourists visiting southern 
Germany can still explore a life-size re­
construction of a pile dwelling that gives 
them a vivid and "authentic" view of this 
peculiar culture. 

Nonetheless there is increasing evi­
dence that Keller was wrong and that his 
less well-known colleague, Albert Jahn, 
was closer to the truth. Four years before 
Keller published his views Jahn had 
written about another pile field, this one 
a few yards off the shore of the Lake 
of Bienne and completely submerged be­
neath its waters. Like Keller, Jahn be­
lieved that the pilings had once served as 
part of a settlement. In Jahn's opinion, 
however, they had provided foundations 
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for houses standing on the ground. The 
lake, he suggested, had advanced in the 
intervening centuries; where there now 
was water there had once been shore. 

But Keller's hypothesis was not only 
more attractive; it also seemed to be sup­
ported by an abundance of evidence. 
Everyone interested in archaeology and 
ethnology was familiar with the pictures 
of South Sea island villages in travel 
books. What was more natural than to 
assume that prehistoric people should 
have lived like contemporary preliterate 
ones? Pile fields were discovered in great 
numbers as a result of the irrigation proj­
ects carried out in Switzerland between 
1860 and 1880. Keller's pile field on the 
shore was an exception; in virtually ev­
ery other case the upright logs were 
found in areas previously covered by 
lake water. 

Keller's hypothesis was in fact just 
as speculative as Jahn's. But speculation 
was about all that archaeology could 
offer at the time. The methods of geo­
logical investigation then in use could 
not accurately determine dates for the 
construction of the pile fields. No one 
knew how to read the evidence in the 
layers of soil, lake sediment and rubble 
in which the piles stood. Such "culture 
layers" usually represent the Roors of an­
cient dwellings; in Keller's interpretation 
they were made up of the refuse thrown 
into the lake from the platforms of the 
pile dwellings. But the techniques of 
archaeology did not yet allow detailed 
examination of the pile fields without 
such disturbance of the evidence they 
contained as to render almost worthless 
any judgment that might be made. Not 
until the 1920's, when systematic ex­
cavations were undertaken in a group 
of pile fields in southwestern Germany, 
did it become possible to make a genu­
inely scientific appraisal of the situation. 

From that time on the Keller hypothesis 
was thrown open to serious question, 
and the "pile-dwelling problem," as it is 
called, became the subject of lively de­
bate among archaeologists. As tech­
niques of investigation were refined, it 
became clear that Jahn's view conformed 
far better to the facts than Keller's. By 
now it is widely agreed that the pile 
dwellers of prehistory lived on the shores 
of lakes, not on platforms over their wa­
ters. 

My own concern with the pile-dwell-
ing problem dates back to 1957, 

when, under the auspices of the Bern 
Historical Museum, I began excavations 
on the shores of the Lake of Burgaschi, 
in the Swiss midlands. This is a small 
lake, with a diameter of only about a 
third of a mile. Nevertheless, four sepa­
rate and distinct Neolithic settlements 
have been found on its shores. One, ex­
cavated in the 19th century, was so bad­
ly disrupted that its archaeological value 
was completely destroyed. Two others 
have been only partially excavated in 
more recent times. The fourth, on the 
south shore of the lake, was the object 
of our investigation. We have studied it 
in detail and, although a final report of 
the findings will not be completed until 
1963, the major outlines are clear. Our 
work has served two important purposes. 
It has helped to fill in the picture of 
Neolithic life in Europe north of the 
Alps and it has contributed significant­
ly to a solution of the pile-dwelling 
problem. 

Our first view of the south site was of a 
reedy shore behind which, at a distance 
of from five to 10 yards, begins the 
growth of bushes and trees that gradual­
ly deepens into true forest. A few piles 
protrude from the lake bed near the 
shore, but none reach

, 
as high as the sur-
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PREHISTORIC SWISS PILE DWELLINGS were thought to have 
stood on platforms over lakes, like villages in certain Pacific 

islands. This drawing is based on a reconstruction that was pro· 
posed in 1854 by Ferdinand Keller, who originated the notion. 
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PILES AT BURGASCHI, found on lake shore, are shown as dots 
on this schematic representation of the top layer of the excava· 

PILE DWELLINGS at excavation site stood on the lake shore, 
as this reconstruction shows. Piles were driven into the ground to 

tion. Shapes with irregular outlines are mounds of loam and rub· 
ble. Strips are remains of corduroy log road of the settlement. 

. . 

-: .�.!�.�:-:;�:�< . . ' 

support houses and roads of the settlement. Pile dwellings here, 
among the most primitive excavated, date from Neolithic period. 
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face of the water. Nor are any visible 
along the beach; all are hidden beneath 
the layers of topsoil and lake sediments 
that have been laid down during the 
thousands of years since the area was 
occupied. Under these layers we found 
piles in profusion, more than 3,000 of 
them. Most are the trunks of alder, ash 
and young oak trees, and they measure 
from about three to seven and a half feet 
in length and from five to six inches in 
diameter. Originally set in the ground in 
a vertical position, they are now tilted at 
an angle, with their upper ends pointing 
out toward the lake. The logs that 
formed the roads of the settlement are 
still lying in the horizontal position in 
which they were originally placed. In 
addition to the piles, our excavations re­
vealed parts of the walls and roofs of 
buildings and the mounds of loam, 
branches and rubble that served as their 
floors. What is more, we have uncovered 
artifacts and other remains that have 
helped us visualize the culture of the 
people. 

Radiocarbon measurements show that 
the pile dwellers lived at the south site in 
the first quarter of the third millennium 
B.C. and remained there approximately 

100 years. When they arrived, they 
found a broad and treeless strip of land 
that was ideal for cultivation. The lake, 
of moderate size when it was formed in 
the last ice age, had been gradually re­
treating, leaving on its shores mollusk 
shells and the deposits of carbon and 
lime that form around the roots of water 
plants. The soil cover was still too light 
to permit trees to take root and grow, 
but it was quite heavy enough for the 
demands of primitive agriculture, and its 
mineral-rich substratum was a gum'an­
tee of fertility. 

I 
f this stretch of virgin land was ideal 

for farming, it had serious drawbacks 
as a living place. The subsoil was wet 
and far too weak to hold the weight of 
houses. Structures built on it would have 
sagged and tilted within a short time if 
the builders had )Jot found ways to se­
cure the foundations. To make floors for 
their houses the settlers employed the 
older mesolithic technique of putting 
down layers of rubble, branches and soft 
earth, which they pounded into a 
smooth, firm surface. They then secured 
the underpinning of these floors by driv­
ing piles through the sediment down 

BURGASCHI is shown as black dot on this map of Switzerland. Lake of Zurich (upper 
right) is site of early discovery leading to idea that pile dwellings were built over lakes. 
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to the underlying gravel of bedrock. 
Only a small fraction of the upright 

logs we uncovered at Burgaschi had 
formed part of the framework of the rec­
tangular houses. By far the greatest 
number were anchor posts, driven into 
the ground to provide a firm base for the 
houses, for their loam floors and for the 
corduroy log roads of the sett�ment. 
But the anchor posts that were sunk 
when the settlers first arrived do not 
seem to have been adequate to support 
the community for the entire span of its 
occupancy. Whether the lake level rose 
with the passage of time or whether the 
buildings gradually sank into the wet 
ground despite the anchor posts is not 
known. In any event, it is clear that the 
settlement was often in need of repair. 
The floors sank in the middle as the earth 
beneath them gave way. For a while 
they could be leveled by the addition of 
new layers of rubble, branches and loam, 
and for as long as this expedient served, 
the houses were safe. But eventually 
more drastic action became necessary 
and the entire settlement had to be 
moved a few feet back from the lake, 
onto drier land. Each time the move 
was made, new anchor posts were sunk 
to support the new constructions. The 
piles that represent building foundations 
are disposed in overlapping layers, one 
behind and beneath another, in much 
the same manner as roofing tiles. Each 
layer is evidence of a new move back 
from the shore. 

It was from the last layer, closest to 
the surface and consequently easiest to 
distinguish from the others, that we 
were able to reconstruct the appearance 
of the settlement during its final stage 
[see middle and bottom illustrations on 
preceding page J. At that time the entire 
settlement measured about 50 yards long 
by 10 yards wide. Among the piles we 
found were those that represented the 
remains of the palisade fence that en­
closed this area on all but its lake side. 
Both outside and inside the settlement 
were a number of piles that had served 
as anchor posts. These supported two 
corduroy log roads, the remains of which 
we also found. The roads ran through 
two openings in the fence on the inland 
side and branched to lead to the fronts 
of the houses and to traverse the 
inner boundaries of the settlement. The 
fence had still a third opening, on the 
narrow side of the settlement near 
the shore. The road through this open­
ing was only lightly reinforced, se­
cured by fewer anchor pilings than 
the others. 

Inside the settlement were three struc-
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EXCAVATION AT SOUTH SITE revealed loam floors of houses 
and piles supporting them: Seen here is part of the floor of the 

WOODEN HOE was found resting on chalk layer after excavation 
of the culture layer. The wet subsoil of the lake shore at Burgaschi 

larger house. Four·meter rule shows its size. Light area around 
floor is chalk, which lies immediately under the culture layer. 

acted as a barrier to air and so preserved logs and wooden imple­
ments of the settlement in good condition for more than 4,000 years. 
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tures. One, on the eastern side, was very 
small. There is no evidence that it had 
walls; only posts seem to have supported 
its roof. From this fact and from the 
fact that its loam floor was rather thin, 
we deduce that it was not used as a 
dwelling but for some other purpose. 
It may have been a granary, a working 
place or possibly an enclosure for small 
domestic animals. 

The two larger structures were ob­
viously dwelling places. The roof of the 
smaller of them was partially preserved, 
as were parts of the walls of both and the 
logs that served as their framework. This 
evidence makes the structure of the 
houses clear. They had pointed gable 
roofs, made of grass and reed. The un­
plastered walls were made of wicker­
work and well-finished board about half 
an inch thick. On each of the thick loam 
floors was a fireplace, the position of 
which seems to have been changed sev­
eral times. The doors of the houses faced 
away from the prevailing wind and gave 
on the corduroy roads that led outside 
the settlement. Since the walls were no 
more than three feet high, the houses 
must have been close and dark. But they 
were adequate as shelters against the 
night and bad weather. 

The construction of the houses thus 

a 

b 

IMPLEMENTS found at Burgaschi, seen here about half-size, showed differences in care of 
workmanship that were probably intentionaL The arrow (a), with a wooden shaft and a 

combined common primitive techniques 
with an innovation dictated by the pecu­
liarities of the lakeside terrain. As far 
back as 5000 B.C. men were using 
branches and loam to form a thick floor­
ing for the crude, dome-shaped huts 
they built on the shores of lakes. By 
4000 B.C. the inhabitants of southern 

Europe knew how to construct a rec­
tangular house with a gabled roof and a 
framework of logs driven into the 
ground. The people who lived at the 
south site combined these two old prin­
ciples and so produced a new kind of 
structure. Their gabled houses had log 
frames and loam floors and were secured 
by pilings driven deep into the ground. 

This principle of supporting houses on 
pilings is still in use in coastal towns all 
over the world. One of its earliest known 
expressions is to be found at our excava­
tion. The settlements that date from later 
times give evidence for the evolution of 
more refined techniques [see illustration 
at bottom of these two pages]. The set­
tlement at the south site is primitive 
even in relation to its own period. In 
other parts of Europe fixed flooring was 

EVOLUTION OF SWISS PILE DWELLINGS is outlined in these 
drawings. In 5000 B.C. floors of mound-shaped lake-shore huts were 
reinforced with loam and rubble (a) _ By 4000 B.C. gabled rec-

tan gular houses with framework of posts driven into the ground 
were built in southern Europe (b). At Burgaschi, occupied ap­
proximately 1,000 years later, these techniques were combined to 
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stone head, is the first such weapon discovered at a Neolithic site in 
Switzerland. The bone blade set in un worked wood (b) is highly 

polished. The cylindrical vessel (c) is made of well·finished 
wood. The ax (d) has a stone hlade and a broken wooden shaft. 

already in use. By the time of the 
Copper Age and the Bronze Age the 
pile dwellers of Switzerland knew of it 
too. By then they also had metal tools 
with which to work wood. Their lake­
shore settlements were constructed with 
wooden Hoors and supported by piles 
driven into the earth at one end and at 
the other into wooden plates, called 
ground plates, that served as the base 
for the Hooring. 

It is even possible that in time the pile 
dwellers learned to raise their houses 
slightly above-the ground, as houses are 
today elevated in coastal communities in 
order to prevent the Hoor boards from 
rotting quickly. Since the ground level 
at different sites dating from the Copper 
Age and Bronze Age has not yet been 
fixed, it has not been determined 

d 

whether or not the more sophisticated 
pile dwellings elsewhere in Switzerland 
really reflect this refinement. Such a 
construction, if it was used, may sound 
reminiscent of the Keller hypothesis. Ac­
tually it has nothing to do with it. Keller 
had in mind entire settlements built on 
platforms over lakes. The present view 
is that the pile dwellers lived on the 
shores of lakes in houses with founda­
tions reinforced by pilings. 

The sealed, wet layers of clay, loam 
and lake sediments that preserved the 
piles at the south site also preserved oth­
er evidence of the life and culture of its 
people. Within the boundaries of the set­
tlement was a layer of buried rubble, 
and scattered profusely through this cul­
ture layer were artifacts and objects of 
all kinds. There were the bones of ani-

e 

mals, more than 80 per cent of them the 
bones of such wild species as deer, 
aurochs, boar, fox, beaver and bear. 
The remainder represent the remains of 
domesticated species such as pig, goat, 
sheep and dog. From this it is clear that 
although the settlers were stockbreeders, 
the hunting tradition was still strong. 
There were also flax and grains of 
cereal, as well as hazelnuts, berry seeds 
and mushrooms. This again is evidence 
that, whereas the settlers knew how to 
raise crops, they still obtained a good 
part of their food supply by the more 
primitive methods of gathering. 

I 
n these respects the people here were 

less advanced than contemporaneous 
peoples in Switzerland and other sec­
tions of Europe north of the Alps who 

. - - - - - -
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-
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produce gabled rectangular houses with loam lIoors supported by 
underground pilings (c). By about 2000 B.C. wooden lIoors were in 
use and lake·shore houses were supported by pilings driven into 
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the ground through wooden plates beneath the lIoors (d). It is pos· 
sible that in later times pile dwellings may have been elevated a 
little above the ground, as they are in coastal towns today (e). 
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were joined with them in the same 
pottery tradition. Our wOTk uncovered 
hundreds of crudely shaped, unorna­
men ted ceramic pots of a type called 
Cortaillod, after the site on the Lake of 
Neuchatel where they were first found. 
Other people who made this ware were 
primarily farmers and stockbreeders; the 
hunting and gathering component of 
their culture was far less important. 

We uncovered many other artifacts: 
stone hatchets and knife blades, flint 
arrowheads, bone chisels and awls, har­
poons and drinking cups made of deer 
horn. Among the most interesting of our 
finds were wooden implements, pre­
served for more than 4,000 years in the 
wet, airless ground. There were handles 
of hatchets, knives and sickles; clubs, 
mallets, short lances and drills used to 
make fire. There was also the shaft of an 
arrow with a stone arrowhead still fixed 
on it. 

Perhaps the most interesting find was 
a string of copper beads, which had 
been placed near the wall of the smaller 
of the two houses. The beads, graduated 
in size and strung on thin cord, were 

CLA Y POTS were found at Burgaschi by 
the hundreds. All were crudely shaped and 
undecorated. Such ware, called Cortaillod, 
is the most common type found at exca· 
vations of Neolithic sites in Switzerland. 
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Film Processor Yourself 

To make your own black-and-white 
slides - quickly and economically­
here's all you have to do: snap a picture 
with a Polaroid Land Camera loaded 
with special transparency film. Then 
pull a tab, wait a moment and open the 
rear of the camera. 

There's your transparency. 
After a quick hardening and mount­

ing in a snap-together frame, the slide 
is ready to be dropped into a projector. 
Total time: about 90 seconds. Total 
cost: about % the price of the average 
black�and-white slide. 

A new type of transparency film, 
PolaLine film, is now available. It's 
been designed especially for line-copy 

(with a Polaroid Land Camera). 

slides and it produces crisp, black lines 
and clear,transparent backgrounds. 
These are 3 Y<I x 4 transparencies for 
standard lantern slide projectors. 

There are also continuous tone films 
for both standard lantern slide projec­
tors and for use in a complete Polaroid 
Land system that employs 2Y<1 x 21M 
slides in a Polaroid projector. (Develop­
ment time for continuous-tone slides is 
two minutes.) All three projection film 
types can be used in any Polaroid Land 
Camera that uses 40-series films (except 
the 1-66). 

Sound good? It is. There's no better 
way to make transparencies. Send in 
the coupon for more information. 

, --------------- , 
I Polaroid Corporation 

I Technical Sales Dept. SA-12 I Cambridge 39, Mass. 

I Please send me detailed information about 
Polaroid Land transparencies. 

I 
I Name ____________________ _ 

I 
I Address __________________ __ 

I 
I 
I 
I City ___________ _ 

I 
I Zone State I 
L _ _ _ ___ _ __ _ _ _ _ __ J 
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LEADING THOSE METALS under evaluation and development for skin and structure of 

space vehicles are Fansteel 80 and 82 columbium alloys. Their attractiveness for such craft centers 

on high-temperature-strength properties, light weight, workability at room temperature and weld­

ability. Most important. both are available in stock sheet from Fansteel's refractory metals ware­

house. Fansteel first produced workable columbium in 1929. Today the Chemical and Metallurgical 

Division is nearing final evaluations on new columbium-base alloys with even more spectacular 

use-possibilities for space, nuclear and electronic applications. Can columbium alloys be applied to 

your projects? Write the CoM Division for columbium alloy data and refractory metals stock list. 
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Miniaturization sometimes means shrin king 

many units into a single, more compact 

package. These high-capacitance (4000 I-'f 
a nd 2000 I-'f) solid tantalum capacitors are 

exclusive with the Rectifier-Capacitor Divi­

sion. One 4000 I-'f unit does the work of 

twelve 330 I-'f capacitors-and you have two 

connections instead of twenty-four! 

Magnaflash welding of electrical contact 
points to copper backing produces a 99+ 
percent solid bond. Quality, reliability are 

considerably improved over brazing. Magna­
flash welding and new Cast-On points which 

are integral with the backing were pioneered 

by Fan s t e e l's Electrical Contacts and 
Specialties Division. 

FANSTEEL 
METALLURGICAL CORPORATION 

North Chicago, Illinois 

RECTIFIER-CAPACITOR DIVISION 

ELECTRICAL CONTACTS AND 
SPECIALTIES DIVISION 

made of a material rare in this part of 
Europe during the Neolithic period. 
Copper ore was commonly found much 
farther south, east and west. The beads 
are a strong argument for the beginning 
of trade that was to link the hinterlands 
of the Alps with the high civilizations 
of the Mediterranean. 

We found some human teeth but no 
human bone at all. This is somewhat un­
usual for an agricultural Neolithic settle­
ment, where archaeologists generally re­
cover both the skeletons of buried dead 
and isolated bones often considered to 
be evidences of cannibalism. Our failure 
to find any human bone is another indi­
cation of the strength of the hunting 
tradition among these people. Hunters 
are rarely cannibals, and they seldom 
bury their dead. They leave the bodies 
in the open air, where scavenging and 
decomposition cause all traces of them 
to disappear. 

From the size of the settlement and 
from what we know about the size of 
hunting groups we deduce that the en­
tire community at the south site consist­
ed of no more than two or three families, 
perhaps three generations in lineal de­
scent. There may have been as many as 
40 people; the number of animal bones 
we found suggests that the food supply 
was adequate for a group of this size. 
But it is more likely that the total pop­
ulation was between 20 and 30. 

In such small groups social organiza­
tion is generally loose, and the evidence 
suggests that the members of this 
community lived together on a basis of 
equality, with people coming and going 
as they chose. The separate entrances 
in the fence that surrounded the settle­
ment and the separate roads to the 
houses within it would not have been 
found in a larger community, where rela­
tively tight regulations usually govern 
the behavior of its members_ 

Yet such tight social organization was 
already operative in many parts of the 
world. The great temples and pyramids 
of Egypt are contemporaneous with the 
tiny settlement we excavated. Beyond 
the Alps and across the Mediterranean a 
complex culture was reaching a zenith 
at the same time that the modest culture 
of the pile dwellers was beginning to 
emerge. Switzerland, in a sense, was a 
backwater, but it was a corner of the 
world in which people could enjoy social 
individuality, a quality of life that has 
not been suppressed in this part of Eu­
rope even for a short time up to the pres­
ent day. 

The singular innovation in engineer­
ing that gives the pile dwellers their 
name was to provide the stuff of sci­
entific controversy more than four mil­
lennia later on. That controversy has 
given impetus to fruitful investigation 
into the prehistory of Europe. 

COPPER BEADS found at Burgaschi indicate the beginnings of trade with southwestern 
Europe. Copper ore was very rare in sections north of the Alps during the Neolithic period. 
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Old concepts of time ... shattered! 

Now a computer that operates in billionths 
of a second-the new UNIVAC® 1107 Thin-Film 
Memory Computer. 

The first Thin-Film Memory Computer available for 
business and scientific applications, UNIVAC 1107 opens 
the way to a new generation of computers operating in 
nanoseconds (billionths of a second). And it combines 
this amazing speed with unprecedented versatility. 

The UNIVAC 1107 has the capacity-16 pairs of input­
output channels, 6-million word drum storage per 
channel, and exclusive interrupt features-to handle a 
multitude of processing jobs simultaneously. It will 
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analyze employee records, compute your payrolls, up­
date your inventory or solve matrix problems faster 

than you thought possible. 
Cost? Surprisingly low. In fact, it costs considerably 

less than many computer installations today while it 
gives you more speed and broader applications. 

What's more, the 1107 talks in many computer lan­
guages-Algol, Cobol, Fortran II, to mention a few. 

UNIVAC 1107 breaks through traditional computer 

technology to establish a new standard of performance. 
You'll want to learn more-so call your Univac repre­
sentative for complete details. 

UNIVAC 
OIVISION OF SPERRY RANO CORPORATION 
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it's good business 
to stay ahead in 

QUALITY 
The pattern of pioneering in metalwork­
ing is universal: it thinks ahead, it plans 
ahead ... and it expects its pioneering 
resources to extend their own abilities to 
produce components of increased quality 
successfully and immediately. 

TMI small diameter tubing is proof­
positive of this ability to stay ahead in 
quality and to match the pioneering goals 
of its customers. By keeping its quality 
and delivery promises, it has been the 
busy servant of nucleonics, astronautics, 
aviation, instrumentation! From every 
part of the United States and Canada, 
the "quality call" for small diameter stain­
less steel, exotic and alloy tubing con­
centrates on the TMI mark of quality and 
its ability to cold draw to 
specifications which demand our 
kind of men, methods and 
machines! Technical conferences 
are always welcome. 

When your product needs stainless steel 
or alloy tubing (.050" to 1.250" O.D.) with 
atomic quality inside and outside fin-� ishes and straightness ... and with walls 

. drawn as close as .0005" (when such 
tf perfection is required) you need the TMI 

mark of quality. Write, wire or phone 
-Norristown, BRoadway 9-7700 

TUBE METHODS INC. 
Bridgeport (Montgomer y County), Pennsylvania 

Distributors in principal cities throughout the U.S.A. 
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MATHEMATICAL GAMES 
On the theory of probability 
and the practice of gambling 

by Martin Gardner 

C
onjuring is the art of entertaining 
people by performing feats that 
seem to violate the laws of nature. 

The deception is accomplished by a pro­
digious variety of subtle techniques, all 
in good fun because the ultimate intent 
of the performance is to delight an au­
dience. There are, however, two large 
fields of public deception in which many 
of the principles of magic are employed 
for less wholesome purposes: the fields 
of gambling and psychic research. A cer­
tain false shuHIe, for instance, can be 
equally useful to a card magician and 
to a card hustler. A technique for secret­
ly obtaining information written on a 
piece of paper can be equally useful to 
a magician who performs "mental magic" 
and to a crooked medium. As a mathe­
matician might put it, the principles of 
deception in the three areas-magic, 
gambling and psychic phenomena-form 
three mutually intersecting sets. 

The violation of any natural law, in­
cluding the mathematical laws of proba­
bility, can provide the basis for a magic 
trick. One of the most famous modern 
card tricks, known to magicians as Out 
of this World (it was invented by Paul 
Curry, a New York City amateur), ap­
pears as follows: A shuffied deck is dealt 
randomly, by a spectator, into two piles. 
When the piles are turned over, one is 
seen to consist entirely of red cards, the 
other entirely of black. The laws of 

I probability have clearly been evaded 
and everyone is pleasantly amazed. The 
relation between a trick of this type and 
deception in the psychic and gambling 
areas is at once apparent. If a spectator 
accomplished such a feat by clairvoy-
ance, the feat would move over into the 
realm of extrasensory perception (ESP). 
On the other hand, if the magician 
achieved the results by sleight of hand, 
who would want to play poker with him? 

Techniques of deception in modern 
psychic research, which relies almost 
exclusively on experiments that seem to 

counter the laws of probability, will be 
dealt with at length by Mark Hansel, a 
psychologist at the University of Man­
chester, in a book to be published next 
year by the Thomas Y. Crowell Company. 
The techniques of deception in modern 
gambling, again with a major emphasis 
on probability laws, receive their most 
comprehensive coverage in a 713-page 
book entitled Scame's Complete Guide 
to Gambling, published last month by 
Simon and Schuster. The book is well 
timed. A U.S. Senate subcommittee, be­
fore which Scarne was the Government's 
first star witness, is currently conduct­
ing a nationwide investigation of illegal 
gambling that already has led to new 
control legislation. 

No one alive today is better qualified 
to write such a book than John Scarne. A 
native of Fairview, N.J., he developed 
a passionate interest in magic-card 
magic in particular-at an early age and 
quickly became one of the nation's most 
skillful card manipulators. The magic 
periodicals of 20 or 30 years ago are 
filled with references to Scarne's ex­
ploits and origin�l magic creations. Dur­
ing the past two decades he has made an 
intensive study of gambling in all its 
multifarious and nefarious phases. 

In addition to knowing all that one 
man can know about gambling, and hav­
ing mastered the most difficult "moves" 
of the card and dice hustlers, Scarne has 
also managed to acquire a remarkable 
knowledge of basic probability theory. 
This flourishing branch of modern math­
ematics actually had its origin in gam­
bling questions. Scarne retells in his book 
the story of how Galileo became inter­
ested in probability when an Italian no­
bleman asked him: When three dice are 
tossed, why does the total 10 show more 
often than the total 9? Galileo answered 
by making a table of the 216 equally 
probable ways that three dice can fall. 
Scarne also recounts the more familiar 
story of how in 1654 Blaise Pascal was 
asked by Antoine Chevalier de Mere (a 
French courtier and writer, not at all the 
professional gambler he is usually made 
out to be) why he had been losing con­
sistently when he bet even money that 
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Within the next few years a powerful astronomical ob­
servatory will be placed in orbit outside the distortion of 
the earth's atmosphere. The space observatory will look 
at interstellar matter, map the sky's ultraviolet light and 
perform other experiments to help scientists understand 
how stars and nebulae are born. 

IBM is developing an advanced memory system to go 
aloft in this satellite and store its observations. The sys­
tem will receive instructions from the ground, help aim 
the satellite's instruments and hold collected data for 
periodic radio transmission back to earth. 

The new space memory, being developed by IBM for 
Grumman Aircraft Engineering Corporation and the God­
dard Space Flight Center of the National Aeronautics 
and Space Administration, called for some unusual solu­
tions from IBM engineers. For example, they were able 
to reduce power demands considerably by designing the 
memory to read out information over and over without 
writing it back into memory each time. Another signifi-

cant accomplishment is the remarkable design reliability 
of the new system, achieved through new techniques of 
redundant circuitry. 

Solving problems like these in systems development re­
quires imagination that can travel easily back and forth 
across technical diSciplines. At IBM, people with this 
kind of imagination are making important advances in 
such areas as semiconductors, microwaves, magnetics 
and superconductivity. If any of these fields interests you 
-and you have a degree and experience in engineering, 
mathematics or one of the sciences - we'd like to hear 
from you. 

All qualified applicants will receive consideration with­
out regard to race, creed, color or national origin. Please 
write: 
Manager of Technical Employment 
IBM Corporation, Department 659M IBM 590 Madison Avenue 
New York 22, New York ® 

SATELLITE MEMORY SYSTEM: Control Center For An Orbiting Observatory 
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a double six would show at least once in 
24 rolls of two dice. Pascal was able to 
show that the odds were slightly against 
the gambler if he rolled 24 times but 
would be slightly in his favor if he rolled 
25 times. 

Scarne's book contains the most com-
plex analysis ever published of black-
jack, the only casino game in which, at 
certain times, the odds actually favor the 
player. Scarne gives the details of a 
sound method by which one can beat the 
house percentage if one is willing to 
spend time mastering the game's mathe-
matics, becoming familiar with casino 
practices and, above all, learning to "case 
the deck" (remember every card dealt 
or exposed). Do you know why it is ad-

0 
vantageous for a blackjack dealer to be 

( 1 ) ( 2 ) ( 3 ) 
left-handed? The asymmetrical position 
of the indices on the cards makes it easier 
for a left-hander to take an undetectable 

0 
peek at the top card before he deals 

e 4 ) ( 5 ) e 6 ) it. Another section of the book gives the 
full and hitherto unpublished history of 
the famous "rhythm method" by which 

e 7 ) ( 8 ) e 9 ) 
u.s. slot machines were successfully 

® 
bilked in the late 1940's of millions of 
dollars before the manufacturers under-
stood what was happening and added a < 

e 10 ) ( 11 ) ( 12 ) "variator" to the machines. 
The book contains masterly analyses 

of the mathematics of bingo, poker, gin 

( 13 ) ( 14 ) ( 15 ) 
rummy, the numbers game, craps, horse 
racing and many other popular forms of 
gambling. An entire chapter is devoted 

® 
to the match game, a simple guessing 

( 16 ) e 17 ) e 18 ) game that has been played every Friday 
night for the past 20 years at the Artists 
and Writers Restaurant in New York 

( 19 ) ( 20 ) ( 21 ) 
City. Even carnival games, including the 
latest swindle, a marble roll-down called 
Razzle Dazzle, are covered. Is there any-
one who hasn't at some time thrown 

( 22 ) ( 23 ) ( 24 ) baseballs at those pyramids of six pint-
size wooden milk bottles? The "gaff" 
couldn't be simpler. Three bottles are 

0 
( 25 ) ( 26 ) ( 27 ) 

heavy; three are light. With the heavy 
bottles on top, one ball will topple all of 
them off the small table on which they 

ffi 
stand. With the heavies on the bottom, a 

( 28 ) e 29 ) ( 30 ) 
big-league pitcher couldn't do it. Carni-
val people call this a "two-way store," 
meaning that it can be set up for the 

0 
( 31 ) ( 32 ) ( 33 ) 

player to win or lose. 
One of the book's best chapters is on 

roulette, certainly the most glamorous 
of all casino games. "A great part of rou-

e 34 ) ( 35 ) e 36 ) 
lette's fascination," Scarne writes in a bit 
of purple prose, "lies in the beauty and 
color of the game. The surface of the 

2 TOl 2 TOl 2TOl 
handsome mahogany table is covered 
with a blazing green cloth which bears 
the bright gold, red and black of the lay-
out. The chromium separators between 

Roulette wheel and a layout with chip on a five·place line bet the numbered pockets on the wheel's rim 
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SOLVln& 
&LOBAL 

PROBLEms 

EXTENDING AMERICAN CAPABILITIES FOR THE NATION'S DECISION-MAKERS 

Columbus* made decisions that changed the world. Today's decision­

makers have a responsibility every bit as awesome. The Research Analysis 

Corporation assists the planners of the United States Army by producing 

through operations research and systems analysis the recommendations 

and solutions pertinent to problems requiring major Army decisions. 

RAC's expanding multi-disciplinary research programs have created a 

need for physicists, engineers, mathematicians, computer programmers, 

political scientists, and other social scientists. Their attributes should in­

clude a hrgh degree of creativity, an interest in problem-solving, and a 

willingness to cross disciplinary boundaries in a mixed-team approach to 

scientific research. 

RAC offers you an exciting professional career and the opportunity to 

make essential contributions to our national purpose. For additional in­
L"� formation, please contact • . •  John G. Burke, Research Personnel Officer 

IUC RESEAREH AnAlVSIS EORPORATIOn. 
,.. 6935 Arlington Road, Bethesda 14, Maryland • A residential suburb of Washington, D.C. 

An Equal Opportunity Employer 
*Statue of Christopher Columbus near Union Station, Washington, D.C. 
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New, long tenn d lversl· 
fled 'development and 

design contr acts create 
unusuallY attractive 0p­
portunities Wilt the Unk 
Division ' of Genera l Pre­

cision, Inc. Quallfleil men, 
proficient In broad sys· 
tems and equlpments 

engineering, will be interested in these commercial and m ilitary projects. 
Both aircraft and space vehicl e systems are Invol ved. Excellent salaries 
and ideal living in the Binghamton, New York area will attrect the quali· 
fied professional man or manager see king advancement opportunity and 
challenging work. 

. 

�1lR� I:.CI� IUmfJili(jl-laboratory precision measurement, visupl 
displays an including G. S. E., simulators and checkout 

equipment. el8ctro-optlcal precision measure. 
ment systems. �- 12·15 years 
mechanical design, electronic packaging. model sho.P construction, and 
department supervision in milita ry programs. Di rect product design 
department, model shop, product programs and advanced development. 

�l. !j�JOO)lU;1 
- visual systems projects. 
�- o ptical , electro· 
optical measuring. i nspection and scan· 

ning systems. �"';p eriscopic, 
projection and relaying lens, analysis of 
optical problems, lab· 
oratory proposa l s . � -transistor 
circuits, switching cir· 
cuits, computer logic. 
"NOR" logic, d i rect·coupl ed transistor log i proposal 
�.,..electronic systems project responsibility. Supervise design, 
test and verification of prototype model a,nd preparat ion of engineering 
data.�-analog computing devices, au dio systems, tran· 

sistorized amplifiers. radio aids, rad io navigation, aircraft commun ica· 
tions. - program digital computers, dlgl(al systems 
desig -define problems. program and solve equations 
of fl ight simulation, specify components, initiate requirements for design 
and configuration of e lectron i c and electro·mechanical systems. 
r:Jl!(#nfk1�IOOb- systems design of servos, hydraulics, miSsiles, life 
support systems. ct:i!:�n�- systems design of mechanisms, 
structures, hydraulics, electro-mechanical packaging. materials, plastics. (;ffifmMDi�- simulation, project responsibility fotcomputation 
of equations, defining motion and engine performance of aircraft, specl· 
fication interpretation, concept determination. data search and liaison , 

data analysis an d processing. test guide i nception and computation. 
lJi!itel:�- process raw a erodynamic: coefficient data and 
engine data Into equation form for electronic simulation, en Ine per· 
formance calculations, test guide to check simulator. • • 
ml !�UW-airframe and spacecraft performance, stability and con· 
trol! engine performance. analog simulation and digital computations. 

All positions require an appropriate . degree -advanced degree is highly 
desirable for managerial and senior positi ons. Minimum experience 
required is 4 years-an additional 4 years experience is required for 
ma"!gerial and se!1ior positions. 

Qualified men are invited to phone collect (RAymond ' 
3·9311) or writa 

Mr. James T. Gibbons. An equal opportunity employer. 
. 

LINK DIVISION 
GENERAL PRECiSiON. INC. 

Binghamton, New York 

glitter and dance in the bright light as 
the wheel spins. The varied colors of the 
wheel checks stacked before the croupier 
and scattered on the layout's betting 
spaces, the evening clothes of the wom­
en, the formal dress of the men, the 
courteous croupiers-all add to the en­
ticing picture." 

So enticing, in fact, that thousands of 
players, with limited knowledge of prob­
ability, each year develop into what 
Scarne terms "roulette degenerates," 
Many of them squander their time and 
fortunes on worthless systems by which 
they expect to break the bank and retire 
for life. As almost everyone knows, a 
roulette wheel has on its rim the num­
bers from 1 to 36, plus a zero and double 
zero (European and South American 
wheels have only the zero). These num­
bers are not arranged randomly but are 
cleverly patterned to provide a maxi­
mum balance among high-low, even­
odd and red-black. The house pays off a 
winning number at 35 to 1, which would 
make roulette an even-up game if it were 
not for the extra 0 and 00, These two 
numbers give the house a percentage on 
all bets (except one) of 5 and 5/19 per 
cent, or about 26 cents on every $5 bet. 
The one exception is the five-number line 
bet, in which the chips are placed on the 
end of the line that separates 1, 2 and 3 
from the 0 and 00 spaces on the layout 
board [see illustration on page 152]; in 
other words, a bet that one of these five 
numbers will show. Here the bank pays 
off at 6 to 1 odds that give it a percentage 
of 7 and 17/19 per cent, or about 39 
cents on a $5 bet. Obviously this is a bad 
bet and one to be avoided. 

The fact that every possible bet on 
the layout is in the bank's favor under­
lies a very simple proof that no roulette 
system is worth, as Scarne puts it, the 
price of yesterday's newspaper, "When 
you make a bet at less than the correct 
odds," he writes, "which you always do 
in any organized gambling operation, 
you are paying the operator a percent­
age charge for the privilege of making 
the bet. Your chance of winning has 
what mathematicians call a 'minus ex­
pectation.' When you use a system you 
make a series of bets, each of which has 
a minus expectation. There is no way 
of adding minuses to get a plus . . .  ." For 
those who understand, this is as ironclad 
and unanswerable as the impossibility 
proofs for the trisection of the angle, 
squaring the circle and the duplication 
of the cube. 

The most popular of all systems, says 
Scarne, is known as the d' Alembert sys­
tem. It consists of betting the red or 
black color (or any other even-money 
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ASKAI�P 
What's being done to perfect satellite relay for long-range communications? 

Many things. An active development program is making material progress toward low-cost systems for 
communication by passive reflector satellites. / Another project is development of facilities, techniques, 

and equipment for ground-space-ground transmission of multiple-channel voice and high-speed data./ 
There's a new 6o-foot diameter antenna of very high precision. D It's all happening as part of a 

continuous program in communication via satellite being carried out by Alpha Corporation and the 
parent Collins Radio Company. 0 The antenna-a steerable, parabolic system-is being installed at 

Alpha's space communication research station in Dallas. Here, the Space Systems Division is enlarging 
on experiments which already have used the moon and Echo I as relays 

in worldwide communication circuits. Next step: to transmit multiple 
channel voice and high-speed data between the U. S. and England, 
France, and South America, using active repeating satellites and multiple passive reflector satellites. 

o There's much more to tell. And it's well worth hearing, if you're seeking new tech-

niques, new facilities, or broad systems capability in space communication. Ask Alpha! 

Alpha Corporation • Dallas , Texas • A division of Collins Radio Company c=J 
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bet), then following with a larger bet 
after each loss and a smaller bet after 
each win. The assumption is that if the 
little ivory ball drops several times into 
red, it will somehow remember this fact 
and tend to avoid red on the next spin. 
Mathematicians know this as the "gam­
bler's fallacy," and of course it gives the 
player no advantage whatever. 

The martingale system, in which bets 
are doubled until one wins, might work 
(in a sense) if the house did not have a 
limit on the size of bets. (The limit is 
usually the total reached by doubling 
the minimum required bet about seven 
times.) It is true that the player of the 
martingale has a high chance of winning 
a picayune amount (on even-money 
bets, $1 for every chain of doubling that 
begins with $1 and ends before the limit 
is reached), but this is balanced by the 
probability of losing a whopping amount. 
If you start with, say, a $180 bankroll 
and the bank has a maximum betting 
limit of $180 on the colors, the odds are 
greatly in your favor that you will start 
off a winner with the martingale. But if 
you continue to play it, you can expect 
to hit (sooner than you would expect) a 
seven- or eight-number losing streak that 
will wipe out your capital. It is as if you 
charged people 10 cents to watch an 
exhibition in which you selected a bullet 
at random from a barrel containing 
1,000 blanks and one genuine bullet, 
put the bullet in a pistol and fired it at 
your head. The chances are good that 
you could make a lot of dimes that way, 
but if you kept at it, you would eventu­
ally blow your brains out. 

There is a reverse version of the mar­
tingale, known in the U.S. as the parlay 
system (Europeans call it the pal'oli), in 
which you continue to bet a dollar after 
each previously lost bet and double your 
wager after each winning bet. Instead of 
making small wins at the risk of a big 
loss, you sacrifice small losses for the 
possibility of that one ecstatic moment 
when a lucky run of wins will pyramid 
your stake into a fortune of some pre­
viously specified amount. Here again, 
the system has a minus expectation even 
without the house limit, but the limit 
makes it even worse. If you started your 
parlay with a dollar, your doubling pro­
cedure would be permitted to go only 
as far as the seventh win of $128. 

Another popular system, called the 
cancellation system, has lost fortunes for 
many a mark (sucker) who thought he 
had something sure-fire. Even-money 
bets are made (sayan red or black) 
with the amount increased after each 
loss according to the following proce­
dure. First you write down a column of 

figures in serial order, say from 1 to 10. 
Your first bet is the total of the top and 
bottom figures, in this case 11. If you 
win, cross out the 1 and 10 and bet the 
new top and bottom figures, 2 and 9, 
which also total 11. If you lose, write the 
loss (11) at the bottom of the row and 
bet the total of the new top and bottom 
figures, 1 and 11. This procedure con­
tinues with two numbers crossed off at 
each win and one number added at each 
loss. Since the losses are about equal to 
the wins on even-money bets, you are 
almost sure to cross off all the numbers. 
When this occurs, you will be 55 chips 
ahead! 

"On paper it looks good," comments 
Scarne, but alas, it is merely one of the 
many worthless variations on the mar­
tingale. The player keeps risking larger 
and larger losses to win piddling 
amounts. But in this case the bets are 
smaller so it takes longer to be stopped 
by the house limit. Meanwhile the 
house's 5 and 5/19 per cent is taking its 
toll, and the croupier is getting increas­
ingly annoyed at having to handle so 
many small bets. 

The latest roulette system to make a 
big splash is one that appeared in 1959 
in Bohemia, a Cuban monthly magazine. 
For many months it was widely played 
throughout South America. The system 
is based on the fact that the third column 
of the layout [see illustration on page 
152] has eight red numbers and only 
four black-a fact that the inventor of the 
system considers to be a fatal flaw in 
the layout. 

Here is Scarne's description of how 
the system operates: 

"You make two bets on each spin of 
the wheel. Bet one $1 chip on the color 
Black, which pays even money. And bet 
one $1 chip on the third column, which 
contains 8 red numbers, 3, 9, 12, 18, 2 1, 
27, 30 and 36, and the black numbers 
6, 15, 24 and 33. This bet pays odds of 
2 to 1. 

"There are 36 numbers plus the 0 and 
00 on the layout. Suppose you make 38 
two-chip bets for a total of $76. In the 
long run this should happen: 

"1. The zero or double zero will ap­
pear 2 times in 38, and you lose 2 chips 
each time-a loss of 4 chips. 

"2. Red will appear 18 times out of 
38. Each time one of the 10 red num­
bers listed in the first and second column 
appears y()U lose 2 chips-a loss of 20 
chips on those 10 numbers. But when 
the 8 red numbers in the third column 
appear you win 2 chips on each for a 
total win of 16 chips. This gives you a 
net loss on Red of 4.chips. 

�3. Black will also appear 18 out of 
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OPTICAL 

COMMUNI-

CATIONS 

Gordon Jacobs, an Electronics 
Laboratory communications en­
gineer, recently reported that a 

ruby laser burst system using 
350 watts of primary power can 

provide a range of 10,000 nautical miles at 400 
bits per second. In an experimental system 
development at the Laboratory a KDP crystal 
was used to modulate the light source fre­
quencies up to 200 mc. The optical receiver 
utilized a multiplier phototube. Mr. Jacobs 
stated that future improvements in light 
sources offer an enormous potential for opti­
cal communications. A considerable technical 
effort is required in many areas: e.g. atmos­
pheric propagation, wide-band modulation 
and wide-band detection. 

: 

o 
o 
o 
o 
o 

o 

'Abstracls on (our laboratory investigolions. 

ADAPTIVE Thomas Bray, of the Electronics 

NEURON 
Devices & Networks group, pre­
sented a paper a short time ago 

COMPONENT describing "An Electro-Optical 
Shift Register" which employs 

an adaptive neuron component. This artificial 
neuron utilizes optoelectronic elements as 
analog multipliers. (Extremely low volume is 
an advantage of this Shift Register: a 20-input 
component consisting of more than 40 analog 
multipliers and 20 analog memory elements 
occupies about 2.5 cubic inches.) This work 
of Mr. Bray's is part of the Laboratory's en­
deavor in the field of new logic and memory 
techniques development. 

0 •••••••••••••••••• •••••• ••••••••• •••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
o 

A SCHEME . .. has been proposed by Dr. Frank 

TO CREATE A 
Dickey, radar consultant with 

the Laboratory. He suggested 
"RADIOWAVE "a powerful earth-based trans­

mitter be employed to beam 
microwave energy at the 
moon. The interaction of 

ATMOSPHERE" 

NEAR THE MOON 
incident and reflected en­

ergy near the lunar surface would create a 
stationary radiowave pattern ... which would 
be sensed by an incoming spacecraft. This 
new technique can provide a simple, light­
weight device capable of performing all sen­
sory functions needed to achieve soft lunar 
landings." (First reported at IRE Convention 
in March 1961, theoretical work is continuing 
on this concept.) 

o 

Electronics Laboratory engineers, 
headed by Jerome J. Suran, 

Manager of the Electronic 

PACEMAKER Applications Laboratory, devel-
oped this device to control the 

beat of the human heart. It is the first surgically 
implantable unit whose rate can be adjusted 
by the patient to accommodate strenuous 
activities, such as stair-climbing. Its success­
ful use was described in the May '61 issue of 
LIFE MAGAZINE. A continuing program of 
cooperation with medical researchers is now 
part of the Laboratory effort. It includes work 
on mechanisms that will stimulate other mus­
cles which have suffered deterioration (from 
paralytic disease or injury) and the develop­
ment of new diagnostic techniques. 

THE 

CARDIAC 

RESEARCH ENGINEERS AND SCIENTISTS ... 

Can You Define Boundaries For Electronics? 
Investigators at General Electric's Electronics Laboratory believe that no technology is so "remote" that it may not one 

day contribute to advances in one of the many diverse areas conveniently labeled "electronics" today. The "oneness" of 

all science is a matter of conviction at the Laboratory, to both Staff Members and Management. The result is an enriching 

collaboration among individuals trained in many fields, from biochemistry to microwaves, from molecular physics to 

metallurgy, from geophysics to thermionics • Indicative of the breadth of the Laboratory's interests and accom­

plishments are the above abstracts on recent investigations by members of the staff. Some of this work is now being 

carried into advance development stages II Scientists and engineers (with PhD or MS) attracted by an opportunity to 

pursue investigations in a stimulating intellectual climate with colleagues from many fields are invited to inquire about 

opportunities to explore . NEW SOLID STATE DEVICES; APPLICATIONS TO COMPUTER TECHNOLOGY; ADVANCED 

MICROELECTRONIC CIRCUITRY; MAGNETIC THIN FILMS; SUPERCONDUCTIVE FILMS • NEW APPROACHES TO ELEC­

TRONIC SIGNAL PROCESSING. NEW DATA PROCESSING TECHNIQUES, USING THEORIES OF AUTOMATA, ADAPTIVE 

SYSTEMS AND OTHERS. PHYSICAL PHENOMENA WITH POTENTIAL FOR MICROWAVE AND COHERENT OPTICAL DE­

VICES. NEW APPROACHES TO CONTROL SYSTEMS USING NON-LINEAR, ADAPTIVE AND OTHER TECHNIQUES. 

ORGANIC AND INORGANIC CHEMISTRY: NEW MATERIALS AND PROCESSES (B S degree acceptable) • ADVANCED DEVEL­

OPMENT IN HIGH POWER AND DIGITAL SOLID STATE CIRCUITRY. ADVANCED DEVELOPMENT IN MEASUREMENT 

INSTRUMENTATION • Write in confidence to: Mr. Richard J. Sullivan, Dept. 59-L, General Electric's Electronics 

Laboratory, Electronics Park, Syracuse, New York. "An Equal Opportunity Employer." 

GENERAL fJ ELECTRIC 
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Increased technical responsibilities in the field 
of range measurements have required the cre­
ation of new positions at the Lincoln Labora­
tory. We invite inquiries from senior members 
of the scientific community interested in par­
ticipating with us in solving problems of the 
greatest urgency in the defense of the nation. 

RADIO PHYSICS 

and ASTRONOMY 

RE-ENTRY PHYSICS 

PENETRATION AIDS 

DEVELOPMENT 

TARGET IDENTIFICATION 

RESEARCH 

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. 

All qualified applicants will receive consideration for employment without 
regard to race, creed, color or national origin. 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Institute of Technology 

BOX tB 

LEXINGTON 73. MASSACHUSETTS 

38 times. Each time one of the 14 
[black] numbers in the first and second 
column appears, you lose 1 chip-a total 
loss of 14 chips. But since you also bet 
on the color Black, you win 14 times for 
a gain of 14 chips. This loss and gain 
cancel out and you break even 14 times. 
But when the 4 black numbers in the 
third column (6, 15, 24 and 33) appear, 
you win 3 chips each time (2 chips on 
the number and 1 chip on the color) for 
a profit of 12 chips on Black. 

"Having lost 4 chips on the zero and 
double zero, and 4 chips on Red, and 
having won 12 chips on Black, you come 
out ahead with a final profit of 4 chips. 
Divide your total bet of $76 into your 
profit of $4 and you find that you have 
not only overcome the house advantage 
on the zero and double zero of 5 and 
5/19 per cent but have actually sup­
planted it with an advantage in your 
favor of 5 and 5/19 per cent." 

The reader will find it a stimulating 
exercise in elementary probability analy­
sis to see if he can spot the fallacy in 
the system. Next month this department 
will reprint Scarne's explanation. 

In keeping with this department's prac-
tice of giving a cryptic Christmas 

greeting each December, the reader is 
invited to study the device shown in the 
illustration on page 156. The problem 
is to slide the four vertical strips of let­
ters up and down until two words con­
veying the message appear simultane­
ously, one in each of the two horizontal 
windows. The puzzle was devised by 
Leigh Mercer of London. 

ust month's problem in dissection is 
solved as shown in the illustration 

below. 

Answer to last month's dissection puzzle 
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Putting the Air Force "in business"-anywhere 
Today, the Air Force can fly a complete com­
munications center into any remote area and 
set it up in the field for immediate use. This 
is made possible by the AN jFCC-17 multiplex­
ing equipment, shown above in its 60-channel 
Tactical Package, but also expandable in its 
fixed station version to a 600-channel carrier 
system for microwave radio. 

A highly sophisticated system, the AN jFCC-17 
could be created only by a leading specialist 
in video, voice and data transmission systems. 
It is further proof of Lenkurt Electric's mastery 
in designing, developing and manufacturing 
quality communication systems of advanced, 
design and proven performance. 
Lenkurt Electric Co., Inc., San Carlos, Cal. 

LENKURT ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 
- - - - Specialists in VIDEO, VOICE and DATA TRANSMISSION - It 
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NEW TAPES TAME DESTRUCTIVE 

HEAD-HEAT COMPLEX 

SCOTCH® BRAND Heavy Duty Instrumentation 
Tapes take new speed and friction tensions in stride! 

Today's trend to speed-up in the recording of 
instrumentation data-with tape speeds up to 
120 inches per second-can mean "Slow Down, 
Trouble Ahead /" for tapes that can't cope. 
On the other hand, "SCOTCH" BRAND Heavy 
Duty Tapes love to live dangerously-are 
made for challenging environments where tape 
speeds are fast and getting faster, where in­
stantaneous temperatures caused by friction 
between tape and head shoot up. Two new 
"SCOTCH" Tapes-Heavy Duty Tapes 498 and 
499-are especially designed for applications 
where ordinary tapes soon wear out. 

They live 15 lives. Actual field tests show that 
"SCOTCH" BRAND Heavy Duty Tapes last 15 
times as long as standard tapes ... stoutly re­
sist high temperatures, both externally and 
internally generated. In in­
strumentation uses, where 
tensions caused by friction 
and heat make tape wear 
an important factor, these 
Heavy Duty Tapes pre-
serve the integrity of the " - --"" 4-'-9'''0'-
coating, minimize rub-off 
and particle redistribution 
that separate tape from head ... and you from 
a signal. 

When the heat's on for ordinary tape (above 
150°F.), the binder softens and coating loosens 
from backing. Then the dropout count mounts. 
Not so with "SCOTCH" Heavy Duty Tapes! 
They cooly withstand the damaging effects of 
temperatures up to 250°F., without blocking or 
layer-to-Iayer adhesion. And excellent resolu­
tion is maintained at high and low frequencies. 

High conductivity is another feature of 
"SCOTCH" Heavy Duty Tapes .. " nearly 1000 
times that of conventional tapes! Static charges 
drain off without building up . . . you get a 
smooth, clean tape pass every time, with ex­
cellent resolution. This efficient static drain-off 
makes stray contaminants less likely to be 
attracted to the tape. 

At tape-killing paces-in speeds, tensions, 
. temperatures-we suggest you consider these 
heavy-duty champions of the tape world: No. 
498 and (for extra recording time) No. 499. 
And for all your needs-in data acquisition, 
reduction, or control-there is a right "SCOTCH" 
BRAND tape for the job. 

Call your 3M Representative in all major 
cities . .. he's a helpful guy, a convenient 
source of supply and information. Consult him 
for details or write: Magnetic Products Div., 
3M Co., St. Paul, Minn. © 1961 3M Co. 

"SCOTCH" and the Plaid Design are registered trademarks of 3M Company, 
Sf. Paul 6, Minnesota, Export: 99 Park Avenue, New York, N,Y. In Canada: 
london, Ontario. 

magnetic Products Division 3m 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

F ew specimens of clay are found in 
amateur mineral collections, chiefly 
because they are so difficult to 

identify. None of the field guides com­
piled for amateurs even list such inter­
esting clays as anauxite, allophane or 
montmorillonite. The two most compre­
hensive guides carry short descriptions 
of kaolinite, a basic material of the ce­
ramics industry, but discourage its col­
lection by pointing out that clay 
minerals can be identified only by an 
intricate combination of X-ray, electron­
microscope and chemical t0chniques that 
are beyond the capabilities of most ama­
teurs. This was certainly true prior to the 
last decade. But in recent years the much 
simpler technique of differential thermal 
analysis has been successfully applied to 
the classification of clays, as well as of 
shales and some uranium ores, by 
Ralph J. Holmes, Paul F. Kerr and J. 
Laurence Kulp of Columbia University. 

The method is based on the fact that 
substances absorb heat at characteristic 
rates. For example, when a bar of iron 
is heated, within certain limits it gets 
hotter in direct proportion to the amount 
of time it spends in the fire. In contrast, 
when a container of ice is heated, it stays 
at 32 degrees Fahrenheit until the ice 
melts. The temperature of the water then 
climbs steadily to 212  degrees, where it 
again holds constant until the water boils 
away. This difference in the heating rate 
of iron and water constitutes a means, 
although a trivial one, for distinguishing 
between the two. In the case of clay 
minerals, shales and some uranium ores, 
the temperature fluctuations are more 
numerous, subtle and definitive. 

Part of the apparatus used for making 
differential thermal analyses at Columbia 
was deSigned, constructed and tested ex­
perimentally by David Smith, a former 
student of mineralogy who is now a 

A new method that enables the amateur 
mineralogist to identify ()arwus clays 

technical specialist in public relations in 
New York City. "In essence," he writes, 
"the method of identifying clay minerals 
by differential thermal analysis consists 
in placing the unknown specimen in a 
furnace along with a relatively inert sub­
stance like alumina, and gradually in­
creasing the furnace temperature to 
about 1 ,000 degrees centigrade while re­
cording the temperatures of the speci­
men and the inert substance. A graph 
made by plotting the temperature fluc­
tuations of the specimen against the con­
stantly rising temperature of the inert 
substance is uniquely characteristic of 
the specimen and is roughly analogous to 
a spectrogram. 

"The furnace we used at Columbia was 
heated by resistance wire of the kind 
used in electric toasters. With the excep­
tion of the furnace liner, a tube of alun­
dum, the furnace can be improvised out 
of commonly available materials. It 
should be possible to build an adequate 
one from a five-gallon paint bucket by 
replacing the ends with a heat-insulating 
composition board such as Transite. A 
tube of alundum some two inches in 
diameter and as long as the paint bucket 
can be wrapped with a helical coil of 
Nichrome wire held in place by a coat of 
alumina cement (powdered alumina 
mixed with water glass) . This assembly 
can be supported by holes cut in the 
centers of the Transite ends to make a 
snug fit with the tube. The space be­
tween the tube and the wall of the buck­
et should be packed with heat-insulating 
material such as calcined diatomite or 
bubble alumina. Leads for connecting 
the heating coil to the power line can be 
brought out of the furnace through por­
celain tubes of the kind used for house 
wiring. As a convenience, the furnace 
should be mounted on a metal frame so 
it can be raised and lowered while hot 
[see illustration on next page]. 

"Our specimen holder was machined 
from a two-inch length of cylindrical 
stainless steel three inches in diameter. 
Twelve 1f-inch holes for the specimens 
were drilled into one face of the block 
to a depth of one inch. Each hole was 
then drilled the rest of the way through 

the block with a l'-inch drill as shown at 
the upper right in the drawing on page 
164. An additional l'-inch hole was 
drilled through the center of the block 
and a second one, about 14 inch off cen­
ter, was drilled into it to a depth of one 
inch from the opposite face, as shown. 
The small holes admitted thermocouples 
for measuring the temperature of the 
specimens, furnace and specimen holder 
respectively. The specimen holder was 
supported in the center of the furnace 
by a hollow cylinder of alundum. 

"Thermocouples are easy to make. 
Twist the ends of two wires of dissimilar 
metal around each other two or three 
times. Snip off the excess and clip the 
free ends to one side of a 1l0-volt source. 
Then dip the twisted ends momentarily 
into a metal bowl of mercury connected 
to the other side of the circuit. The re­
sulting arc will melt the wire ends into 
a bead that constitutes a butt weld. The 
diameter of the bead should be about 
twice the diameter of the wire. Any two 
dissimilar metals will exhibit thermo­
couple action; the most satisfactory are 
those that develop a relatively high volt­
age that increases in direct proportion 
to differences of temperature between 
the welded junction and the free ends. 

"The analysis of clay requires thermo­
couples that can withstand repeated ex­
posure in air to temperatures on the or­
der of 1 ,000 degrees. Ours were made 
of two special alloys: Chromel-P and 
Alumel. Chromel-P is 90 per cent nickel 
and 10  per cent chromium. Alumel is 94 
per cent nickel, 2 per cent aluminum, 3 
per cent magnesium and 1 per cent sili­
con. The alloys are produced by the 
Hoskins Manufacturing Company in 
Detroit and are available in the form of 
No. 22 gauge wire from the Edmund Sci­
entific Corporation in Barrington, N.J., in 
minimum quantity for $1 .  Chromel­
Alumel thermocouples develop a poten­
tial difference of approximately one 
millivolt for each 23.2 degrees C. of tem­
perature difference between the junction 
and free ends, as shown by the top 
graph on page 167. Electrons flow from 
Chromel to Alumel inside the junction. 

"Thermocouples can be connected in 
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Printing 
Color Film 
Now Possible 
With 
Fiber Optics 
A revolutionary new Fiber Optics system ,. 

has been developed for printing color mo· 

tion picture film. 

A specially designed flexible light guide 

"pipes" light from its source to the film 

while simultaneously monitoring light out· 

put from the source. 

Two bundles of .003" fibers are used. The 

main bundle transmits light to the film while 

the secondary bundle continuously samples 

light uniformly across the input end, thus 

permitting automatic control of the light 

source. 

In addition to flexibility and control, the sys· 

tem minimizes physical defects in the nega· 

tive and provides uniform field exposure 

without center hot spots and edge fall off. 

Illustration shows how fiber optics sys· 
tem transmits liqht along a flexible path. 
Shorter cable is light output monitoring 
device. 

This system is typical of many special fiber 

optic designs under development at Ameri· 

can Optical Company. Special Fiber Optics 

devices can be built to order from customer 

specifications. For assistance in applying 

Fiber Optics to your light problem, simply 

write or call: 

Fiber Optics Sales, Department 0 

pairs to indicate the difference in tern· 
perature between two objects by splic­
ing one set of similar leads together, 
such as the Alumel pair, as shown at the 
lower right in the illustration on page 
164. \Vhen the junctions of two thermo­
couples so connected are at the same 
temperature, the electrical outputs can· 
cel and no potential difference appears 
across the Chromel leads. When the 
junctions are at different temperatures, 
the thermocouple action of the hotter 
unit exceeds that of the cooler unit and 
a voltage appears across the Chromel 
leads that varies in direct proportion to 

the temperature difference. Adjacent 
holes of our specimen holder were 
equipped \Vith pairs of thermocouples 
connected for measuring differential 
temperature. A single thermocouple was 
installed in the holder for measuring the 
temperature of the stainless steel block 
and a second one was extended above 
the holder for sensing furnace tempera­
ture. Care was taken to center the units 
precisely in the holes so that the junction 
\Vould not heat unevenly and gener­
ate false temperature indications. The 
Chromel and Alumel leads were insulat­
ed bv small tubes of alundum and were 
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See the Stars. Moon. Planets Close Up! New vibration-free metal pedestal mount. With this scope you can see everything as 3" Astronomical Reflecting Telescope 60 to 180 Power ����e but with t���.te���wf�i��us t�!ll lSi�I�� 
An Unusual Buyl Famous Mt. Palomar Type gathe Mirror guaranteed to glVe theo of resolution. Rack and 

You'll see the Rings of Saturn, the fascinating pla!let Mars, 
huge craters on the Moon, Star Clusters, Moons of Jupiter in 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high-speed f /10 mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens, giving you 60 to 180 power. An Optical Finder 
Telescope, always so essential, is also included. Sturdy. bard­
wood, portable tripod. 

real equatOl'ial mountlng­ent follows stal's! Alumi­num tube. 6 power finder telescope. 2 standard size eyepieces and mounted Barlow lens give you powers of 45X-90X-135X-180X and 255X. Low-cost accessory eye­piece available fol' higher power·s. FREE with Scope:_Yaluable STAR CHART plus 272 page "HANDBOOK OF HEAVENS" plus "HOW TO USE YOUR TELESCOPE" Book. Shipping weight 25 lbs. FREE with Scope:-Valuable STAR CHART plus 272 page "HAND­BOOK OF HEAVENS" plus "HOW TO USE YOUR TELESCOPE" BOOK 85.1 05·S •..................••................... $79.50 f.o.b. 

Stock No. 

American Made­
Over 50% Saving 

STER EO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, inspecting, 
small assembly work. Up to 3" work­
ing distance. Clear. sharp, erect 
image. Wide. 3 dimensional field. 2 
sets of objectives on rotating turret. 
23X and 40X. 10 Day Free Trial. 
Stock No. 85.056·S .......... $99.50 f.o.b. Barrington. N .J. 

DIRECT MEASURING ATTACHMENT-with r�gular 
comparator reticle for on-the-spot checks of li!lear dImen­
sions, diameters, radii and angles-in millimeters and 

k��I�k
s
·NO. 40.466-5 ............................................ $10.00 Postpaid 

DIH.EC'l� MEASURING ATTACHMENT-with sand .meas-
uring reticle for sand and soil analysis ... or countmg or 

�\
e
O�
s
k
ur��� ���:�7�:��.�cles of matte

�: ............ $IO.OO postpaid 

LIFE SIZE VISIBLE HUMAN HEAD 
Precise. Full Color. Take-apart Model 

Study the most complex organ easily, �n­
expensively. Ideal for student, hobbYIst, 
professional. You will be amazed at the 
detail. Molded from actual �uman skull. 
Eyes, ears, and teeth eaSIly removed 
and disassembled for complete study. 
Entire brain, spinal cord and o!·gan� ?f 
mouth and throat presented III VIVId 
detail. Amazingly low price-conforms 
to rigid laboratory stand�rds. IS-page fully 
trated medical handbook Illcluded. 

• Stock No. 70.447·S .......................... $9.95 PostpaId 

�fo�� ���e�����:�S above but eq�f8�ooi��o�ke.c\i!�r?��i�n�I��eJ: 

BUILD A SOLAR � :a

N
s���!e������� ! 

DOWN GOES THE PRICE ON WAR SURPLUS 

LENSES -AERO EKTARS AND TESSARS ­
NEW AND USED -OUT THEY GO FOR 3 AND 

4 % OF GOV'T COST! 
Mfd. by Bausch and Lomb and K odak at cost to Gov't of over 

'Ve furnish instruc� 
tions. This sun powered 
furnace will generate ter­
rille heat-2000° to 3000°. 
Build with your scrap wood 
and our Fresnel Lens-

������ ��c��� Iy�'u 2c�nlr.a!e°�g�r:;ef��t�i'k���e�iwi��r�g: .f':r�� photo Lenses or Cameras. Richest Field Wide Angre, Low Powel' 
Po��i�� ������I��c�iSpo?!e�q¥:b1�Ot��of�'Ie����s� g���U::!!i money and get far better results. These K22 Aerial Camera units with lens and diaphragms can be easily removed from cone-Focal plane 10" outside of Cone. 

f13j�s���Y! ��nf"dlg'3t;� ��alI:xrg�e ��fg� c;.��itir;�i���· 9�i�PS��t�n� ��e�e�{;': 4 (2 to brass cell). Carrying case wt.-26 Ibs. Shutter not included. Shipping wt. 
14" diameter .... ....... . f/1.14" 

Stock No. 70.130·S 
Fresnel Lens .. $6.00 Pstpd. 

gt�cl�SNo. 85,059.S ............................ Used-Was $39.SO-NOW $25.00 f.o.b. Utah Stock No. 85.060·S ..... ....................... New-W.s $59.50-NOW $32.50 f.o.b. Ut.h Ab ove Le nses i n  cells-out of C o ne a nd D ia phragm 
Stock No. 70.190·S...... . .................................................... ................. $22.50 Postp.id 

POWER MICROSCOPE 

Amazing Value-3 Achromatic Objective 
Lenses on Revolving Turretl Imported! 
The color-corrected, cemented achromatic 
lenses in the objectives give you far 
superior results to the single lenses found 
in the microscopes selling in this range. 
Results arc. worth the difference! Fine 
rack and pinion focusing. 
Stock No. 70.008·S .... $14.95 Pst pd. 
MOUNTED 500 POWER OBJECTIVE 
. . . Threaded for easy attachment on 
above microscope. Achromatic lenses for 
fine viewing. 3 mm. focal length. 

30.197·S ............................ $5.00 Pstpd. 

New Tape Recorder 
At an Amazing $29.95 

American Made-
For B usi ness, Scho ol or Hobby 

Latest type. super-sensitive tran· 
sistors in place of expensive bulky 
tubes is secret of low price. Ex­
cellent tone and Quality. Real handy 
item for teachers, students, en­

gineers, salesmen, etc. Single, foolproof control changes 
from rewind. off, play. record. All-transistor circuit 
sensitive crystal microphone. built·in Alnico V dynamic 
speaker for clear, loud amplification. Compact. light· 
weight. 8%" x 9'-4" x 31k". Operates on 2 size D and one 
9 V transistor battery (not included). Two 3" reels and 
150 ft. magnetic tape, plus instructions (included), 
Stock No. 70.480·S ...................... $29.95 Postpaid 

OF SCIENCE . . .  REALLY 
IRCULAR DIFFRACTION GRATING 

JEWELRY I" DIAMETER 

A Dazzling Rainbow of Colorl 
As a scientific phenomenon. this new 
kind of jewelry is capturing atten­
tion everywhere. Shimmering rain­
bows of gem· like color in jewelry of 
exquisite beauty-made with ern· 
CULAR DIFFRACTION GRATING 
REPLICA. Just as a prism breaks up 
light into its full range of individual 
colors, so does the Diffraction Grating. 

Earrings ............ $2.20 Pstpd. 
Cuff Links ..•...•... $2.20 Pstpd. 
Pendant ............ $2.20 Pstpd. 
Tie·Clasp .......... $1.65 Pstpd. 

NEW! STATIC ELECTRICITY 
GE NERAT OR 
Stu rd y, I m p r oved M odel! 

See a thrilling spark display as you 
set off a miniature bolt of light­
ning. Absolutely safe and harmless. 
Sturdily made-it stands 14" high. 
Turn the handle and two 9" plastic 
discs rotate in opposite directions. 
Metal collector brushes pick up the 
static electricity, store it in the 
Leyden jar type condenser until dis­
charged by t.he jumping spark. 
Countless tricks and experiments. 
24 page instruction booklet included. 

2.95 Postpaid 

ADJUSTABLE 
SPANNER WRENCH 
Made for U. S. Air Force­
available at a fraction of 
Government cost. A top 
grade, versatile tool that 
every instrument and camera 

repair man or just plain tinkerer should own. Adjustable 
for %" to 12" diameter retaining rings. Complete with six 
different pairs of points to fit all types of slots and holes. 
3", 6", and 12" main bars. All steel and nicely plated. The 
finest tool we have ever come across for this type of re­
taining ring work AND a real bargain at our low price. 
Stock No. 70.355·S .. : ................... $12.50 Postpaid 

ANALOG COMPUTER KIT 

!_�qsii Ideal introduction to the increas· 
ingly important electronic com· 
puter field. For bright students. 
or anyone interested in this nell' 
science. Demonstrates basic ana­

log computing principles-can be used for �lU ltiplic�. 
tion, division, powers, roots, l�g: operatlOlls, tTlg 
problems. physics formulae, electriCity and magnetism 
problems. Easily assembled with screwdriver and pliers. 
Operates on 2 flashlight batteries. Electric meter and 
3 potentiometers are mounted on die-cut box. Answer 
is indicated on dial. Computer is 20" long, 9" wide. 
2" deep. 
Stock No. 70.341·S ........................ $14.95 Postpaid 

OTHER VISIBLE TAKE-APART MODELS 

Stock No. 70.470·S Heart .................. $3.00 Pstpd. 

I Stock No. 70.228·S Man ...................... $4.98 Pstpd. SCIENCE TREASURE CHESTS I
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ROBINSON 
All-Metal Mounting Systems 

Isolate 
VIBRATION! 

Reduce 
SHOCK! 

Increase 
RELIABILITY! 

Robinson has specialized in vibration 
and shock control for over twenty-five 
years. Robinson engineer",d mou'nting 
systems have been thoroughly proven in 
practice in virtually every, field of 
application-aircraft, missile, shipboard, 
mobile, industrial and commercial use.. 
100% all-metal construction (even the 
MET-l-FLEX cushions) make Robinson 
mounts deterioration resistant - able 
to meet and exceed exacting space-age 
specifications. 

Cu s t o m-eng i n e e r ed m o u n ting 
systems or standard type mounts 

available. Send for FREE brochure. 

A resilient cushioning material fabricated 
of knitted stainless steel wire. High vibra­
tion/ shock isolation-withstands temperature 
extremes-will not deteriorate. Pioneered by 
Robin'son, MET -L-FLEX has solved over 3000 
fJ environmental (ontrol problems, 

ROBINSON TECHNICAL PRODUCTS INC" TETERBORO,N.l 
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Details 0/ specimen holder for analyzing clay minerals 

fastened in the specimen holder by alu­
mina cement. 

"The output voltage can be measured 
either by a voltmeter sensitive to a bil­
lionth of a watt and calibrated to 50 
millivolts or by pen recorders equipped 
with appropriate amplifiers, depending 
on the experimenter's budget. We used 
a battery of pen recorders and synchro­
nized the speed of the charts with the rate 
at which the furnace heated by means of 
an electronic program controller. The 
controller operated automatically and 
could be adjusted for any desired rate of 
heating up to 50 degrees per minute or 
for holding the furnace at any fixed tem­
perature. A heating rate of 12 degrees 
per minute resulted in the most clearly 
defined peaks. Ample information on all 
specimens appeared in the temperature 
range from 100 to 1 ,050 degrees C. 
Higher temperatures added little of 
interest to the graphs and reduced the 

life of the coil and the thermocouples. 
"The operating procedure is simple. 

Specimens are prepared by dry grinding 
with a mortar and pestle. The specimen 
holders are filled with ground material 
that passes through a sieve consisting of 
50 crossed wires per inch-a standard 
50-mesh screen. The powder is poured 
into the holes loosely; tamping appeal's 
to have little effect on the results, and 
tightly packed specimens are difficult to 
remove at the conclusion of a run. The 
companion hole associated with each 
specimen is charged with inert compari­
son material. We used powdered alumina 
that passed a 60-mesh sieve. Once the 
samples are inserted and the thermocou­
ples are connected, the furnace can be 
started. 

"We adopted a standard procedure for 
plotting and interpreting the curves. 
Temperature fluctuations are plotted 
upward when the specimen emits heat 
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SENIOR SCIENTISTS are needed for immediate openings 
in the General Dynamics I Astronautics Electronics Research 
Laboratories. 

A large, company-sponsored program in thin film and solid 
state research for applications to Microminiaturization, Solar 
Energy Conversion, and Magnetic Computer Components is in 
progress. Included are: (1) studies of the kinetics and structures 
of films using advanced electron microscope techniques; (2) 
epitaxy studies using pyrolytic vapor decomposition and ultra­
high vacuum deposition of thin film crystals; (3) materials 
research for thin film passive and active components prepared 
by vacuum deposition, sputtering, anodization and electron beam 
graphics and cathodolysis; and (4) techniques for accurately 
monitoring and controlling the fabrication conditions and film 
characteristics for thin film microcircuit and large area energy 
conversion device fabrication. 

If you are interested and have experience in these tasks and are 
trained in solid state physics, metallurgy and ceramics, physical 
chemistry or electronics, inquire now. Advanced degree pre­
ferred but not necessary if talent and experience in these areas 
are indicated. 

GENERAL DYNAMICS 

Please write to Mr. R. M. Smith, Industrial 
Relations Administrator-Engineerillg, Dept. 
130-90, General Dynamics I Astronautics, 
5711 Kearny Vii/a Road, San Diego 12, 
California. (If you live in the New York area, 
it may be more convenient to contact 
Mr. T. Cozine or Mr. E. Hart, 
General Dynamics I Astronautics, 
1 Rockefeller Plaza, New York City, 
CIrcle 5-5034.) 
AN EQUAL OPPORTUNITY EMPLOYER 

ASTRONAUTICS GmlUlD 
(Formerly CONVAIR/ASTRONAUTICS) 
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In the past 41h years, Hughes has put 
more than 7,000 cost improvements into 
practice - saving $103 million in defense 
and space dollars. Prudent management 
avoided these expenditures. 

Savings like these in money, materials, 
time and human energy don't just happen. 
At Hughes, cost improvement is a corpo­
rate way of life. From top to bottom, in all 
plants and departments, employees sub­
mit ideas and suggestions without thought 
to personal gain. A comprehensive, fully 

organized program encourages these ideas, 
evaluates them and makes them work. 

Typical ways in which cost improvements 
were applied: Machining time on a wave 
guide was cut from 3 Yz hours to 32 minutes 
each-sa ving $41,201. Applica tion of a Pre­
ferred Parts Program simplified specifica­
tions and rationalized tolerances and per­
formance standards-result, $40,000 saved 
the first two months. One radar reflector 
dish was redesigned to fit two different units 
-saving $117,000. 

Each improvement results in lower contract 
costs. Some of the major defense programs 
that benefit include the Polaris, Titan, 
Falcon and Mauler missiles, new 3-D radar­
computer systems now in service on Navy 
ships and automatic armament controls 
for Air Force interceptors. 

And new Hughes space projects-the Sur­
veyor moon landing vehicle, the Syncom 
communications satellite, the ion engine 
for long space journeys-all will deliver full 
value for every dollar. 

Creating a new world with electronics ,-------------------------l 
I I I I 
! HUGHES ! 
I I I I L _________________________ � 

HUGHES AIRCRAFT COMPANY 
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Hughes is hiring, but for those who do not 
wish to make application at the present 
time and who would like to be notified of 
future openings in their areas of interest, 
we maintain an Engineering and Scientific 
Register. To obtain information regarding 
current openings or the Register, write to 
S. L. Gillespie, Dept. K, Hughes Aircraft 
Company, Culver City, California. 

and gets hotter than the comparison 
material, as a consequence of exother­
mic (heat-emitting) reactions, and are 
plotted downward when it absorbs more 
heat than the comparison material, dur­
ing endothermic (heat-absorbing) re­
actions. 

"Reactions of one type or the other 
may occur for a variety of reasons, includ­
ing loss of absorbed water and water of 
crystallization, release of the hydroxyl 
radical (OH) from the crystal lattice, 
transitions in the structure of the crystal 
lattice, the loss of carbon dioxide from 
carbonate compounds, the devolatiliza­
tion of coals and oil shales, and the 
oxidation of sulfide compounds and 
uranium-bearing shales. The tempera­
ture of the furnace is plotted horizontal­
ly on the graph; fluctuations of specimen 
temperature are plotted vertically. The 
area enclosed by fluctuations or peaks in 
the graphs varies in proportion to the 
amount of thermally active mineral in­
volved in the reaction. Mixed specimens 
can be analyzed by measuring the area 
enclosed by a selected peak and dividing 
it into the area of an equivalent peak of 
a pure specimen that has been measured 
with the same apparatus. The ratio rep­
resents the amount of the known mineral 
that is present in the mixed specimen. 

"At least five basic types of tempera­
ture fluctuation occur, each of which 
produces a typical curve [see second 
graph from top at right]. Broad, low 
endothermic variations between 100 and 
300 degrees C. (1) indicate loss of ab­
sorbed water. Broad exothermic curves 
(2) signify the oxidation of organic mat­
ter in clays between 200 and 600 de­
grees. The loss of lattice water between 
450 and 700 degrees yields curves (3) 
with a broad base. Carbonate reactions 
show large asymmetrical deflections (4) 
between 450 and 900 degrees. The com­
parable narrow, high-amplitude exother­
mic peaks that correspond to transforma­
tions in the structure of the aluminum­
based part of the molecule occur near 
1 ,000 degrees (5). 

"A number of the gangue minerals 
(waste materials in ore deposits) also 
exhibit interesting reactions [see third 
graph from top at right]. The crystalline 
structure of quartz, for example, under­
goes an abrupt endothermic transforma­
tion at 575 degrees C. that appears as a 
dip in the differential curve so sharp 
and reproducible that it can be used for 
calibrating thermocouples. (Fairly pure 
quartz sand for calibrating thermocou­
ples can be taken from the little sand­
glasses sold as egg timers by novelty 
stores. Colored sand may also contain 
quartz, but the impurities often intro-
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Now! 
Kidde "know-how" 

delivers 
pre-engineered 

static frequency 
changers with ... 

• CUSTOM DESIGN 
• LOW COST 
• FAST DELIVERY 

Kidde Electronics Laboratories now of­
fer static frequency changers on a 
"custom" basis at lowest cost. Utilizing 
the extensive experience gained in the 
design and production of working 
units, Kidde static frequency changers 
employ any of the three principal de­
sign techniques-intermediate DC link; 
phase modulation, straight-through 
m e t h od; a n d  s w i t c h  m o d u l a t i o n, 
straight-through method. 

This background of experience with 
these techniques has resulted in cir­
cuits which are now available almost 
on an "off the shelf" basis, and can be 
used to produce custom static fre­
quency changers in minimum time and 
at lowest cost. They are available from 
10V A to 10 KV A and within the range 
of 50 cps to 3200 cps upward and down­
ward. For more information write or 
call Kidde today. 

Phone: GRegory 2-5000 
(Area Code 201) Kidde 

.rE: lectronics l..b[];;boratories 
WALTER KIDDE & COMPANY. INC. 

1214 Brighton Road, C l ifton, N. J. 

Static Frequency Changers, Static Inverters, Static 
Converters (DC to DC), Static Power Supplies. 
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duce reactions that mask the endother­
mic peak at 575 degrees.) Calcite, also a 
gangue, shows an endothermic peak be­
tween 800 and 900 degrees when carbon 
dioxide is evolved. Two peaks character­
ize dolomite, one indicating the release 
of carbon dioxide from the magnesium 
ion in the vicinity of 750 degrees and 
another from the calcium ion at 860 
degrees. 

"The clay minerals all undergo a typi­
cal exothermic reaction at 980 degrees, 
the pOint at which amorphous alumina 
adjusts to what is known as its alpha­
alumina form. In addition, each member 
of the clay family is uniquely character­
ized by one or more endothermic re­
actions and at least one member by an 
exothermic reaction. Adjacent curves of 
the third graph from the top on the pre­
ceding pa� show the characteristics of 
three kaolin minerals: nacrite, dickite 
and kaolinite. The graph for anauxite re-

sembles kaolinite except for a smaller 
area under the endothermic peak that 
appears during the decomposition of two 
crystal types into amorphous silica and 
alumina. Halloysite can be distinguished 
from other kaolin minerals by two extra 
low-temperature peaks, one at 150 de­
grees and a substantially sJl}aller one at 
325 degrees. Allophane is so Rne-grained 
that it can almost be considered amor­
phous. One reaction that has a peak at 
180 degrees extends across nearly 100 
degrees, and another, at 510  degrees, 
spans 200 degrees. Neither is clearly de­
fined. Montmorillonite minerals are 
characterized by two endothermic peaks. 

"The graph of talc, which is not in­
cluded in the illustration, shows a pro­
nounced endothermic peak at 990 de­
grees, indicative of the strength of the 
hydroxyl bonds in the talc crystal lattice. 

"The temperature of some shales fluc­
tuates almost continuously through a 

or 

she:e;t-as\)estos 
lings 

Details of furnace constructi.on 
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Meet Naval Hydronaut "Joe" Gordon ... 

just back from his latest trip into I NNER SPACE 

The oceans of the world . . .  inner space or hydrospace, if you prefer ... hold vast natural 
potential for the benefit of mankind, as well as vast military potential for the protection of 
mankind. 

Because these oceans remain largely unexplored and entirely unconquered, the Navy will need 
many more civilian engineers and scientists like Sumner "Joe" Gordon. 

A Mechanical Engineer at the Underwater Sound Laboratory in New London, Joe became 
involved in the design and evaluation of underwater photographic equipment, and various 
acoustic/electronic devices. He volunteered for a special SCUBA diving program at the 
Submarine Base nearby, and now does his evaluations first hand . .. several fathoms down. 

Of course, the Navy doesn't require all its civilian engineers to don SCUBA suits and flippers. 
But Seapower-the Comprehensive Science of Sea, Air and Space-does require men of 
imagination, initiative, and the willingness to undertake the extraordinary, wherever it 
may take them. If you are such a man, write to Thomas McKenna, Code 500, Room 1000, 
Main Navy Building, Washington 25, D. C. 

The U.S. Department of the Navy 

ONE OF THE FOREMOST RESEARCH SPONSORS IN THE WORLD 
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span of 1 ,000 degrees. Two of them, 
arbitrarily designated A and B, are 
graphed at the bottom of page 167. 
Most of the carbonates in shale A were 
in the form of dolomite. Those in shale 
B were mostly limestone. This composi­
tion is indicated by the double endother­
mic reactions between 700 and 900 de­
grees in the case of shale A and the one 
large peak between 800 and 900 de­
grees in B. The exothermic reaction be­
tween 400 and 500 degrees in both 
shales arises from the combustion of 
carbonaceous material and the oxidation 
of marcasite. It is tempting to conclude 
that the exo-endothermic peaks between 
100 and 150 degrees are a consequence 
of the simple drying of the shale. But 
dehydration of mechanically held water 
never occurs exothermically in clays, 
and the reaction actually signifies the 
transformation of tridymite quartz. 
The reactions are typical of illite shales 
that contain less than 50 per cent illite. 

"Characteristic differential thermal 
reactions of these mineral classes are 
listed in recently published reference 
texts [see "Bibliography," page 192]. 
Still others await analysis, and amateurs 
can help to fill in the gaps. Problems 
have a way of arising, however, when 
the technique is applied to unfamiliar 
materials. Oxides, sulfides and arsenides 
react with thermocouples, for example, 
and can ruin them during a single run. 
Organic impurities tend to mask other 
reactions when they oxidize. This is par­
ticularly true in the case of uranium­
bearing shales. Sometimes thermocou­
ples can be protected by a ceramic cov­
ering. If the metal specimen holder is 
attacked, a ceramic cup can be substi-

170 

tuted to hold the sample. It is possible 
to prevent the oxidation of organic mate­
rials by running specimens in an atmos­
phere of an inert gas, such as helium, a 
procedure that requires the furnace to be 
enclosed in an airtight bomb. 

"At the conclusion of a run the pow­
dered specimens should immediately be 
blown from the specimen holder by a 
blast of compressed air. Some specimens 
tend to cake if permitted to cool in the 
containers; they must then be dug out 
and the thermocouples are ruined." 

This department shares Smith's en­
thusiasm for differential thermal analy­
sis. It is a fascinating experiment, both 
to set up and to run. Not all of us have 
access to electronic programmers and 
expensive pen recording systems, how­
ever, and even such prosaic materials as 
three-inch cylinders of stainless steel are 
not easy to pick up. Nonetheless, with a 
few tips from Smith I have just built a 
primitive model of his apparatus. It cost 
only $20 and it worked very nicely. The 
principal outlay went into a piece of two­
inch alundum tubing for the furnace 
liner (obtained from the Fisher Scientific 
Company, 633 Greenwich Sh'eet, New 
York 14,  N.Y.) and thermocouple wire. 

All Smith's suggestions for construct­
ing the furnace were adopted except 
one: the paint bucket was not equipped 
with Transite ends. This was a mistake. 
Heat buckles the tin and pulls it away 
from the muffle, and the ends are now 
being replaced by Transite. The alun­
dum tubing was wound with Nichrome 
wire removed from a pair of 660-watt 
radiant-heater units bought at a local 
electrical-supply store. Each element has 
a )g-inch helical spiral winding. When 

the spiral is removed from the element, 
the wire can be straightened by slipping 
one end of the helix over the point of a 
shingle nail (held in a vise) and pulling 
the free end away from the nail. The 
straightened wires from two radiant ele­
ments are twisted to form a pair, then 
wound on the alundum tube. The ends 
of the wound coil are clamped to the 
alundum tube by narrow metal bands as 
shown in the illustration on page 1 68_ 

I did butt-weld one thermocouple 
with a mercw'y arc, as Smith suggests_ 
In making such welds a ballast resistor 
must be connected in series with one 
lead to limit the current; I used a 660-
watt radiant-heater unit, as shown in 
the drawing below. But when a mercury 
arc is struck, a small, yellowish cloud 
of highly toxic mercury vapor rises, a 
whiff of which could land the experi­
menter in the hospital. It is better to 
make the welds with a carbon arc, a 
more difficult procedure but one that 
can be mastered with practice. Remove 
the carbon rod from a size D flashlight 
cell and wash it thoroughly in strong 
soap and water. S ince an arc will not be 
sustained between the wires and solid 
carbon at five amperes (the current 
passed by the ballast resistor), first drill 
an axial hole slightly smaller than the 
diameter of the rod into one end to a 
depth of about )g inch. (The rod is so 
soft that you can make the hole by twist­
ing the bit with your fingers.) Save the 
drillings and tamp them into the hole_ 
Then strike the arc between the thermo­
couple wires and the solidly packed car­
bon dust. The small cloud of carbon 
dust kicked up by the arc seems to con­
duct just as well as mercury vapor. The 

unit 
therm ocouple 

'\-Vi n:,s 
Ch,.orne' 
Alumel 

Carbon-arc device for welding thermocouple wires 

---::..---"::r " " ---1 
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research in a unique envi,.onment 

The scientists of Aerospace Corporation's Laboratories are in the fore­

front of research in the space sciences. With the advantages of stability 

and permanence in a stimulating environment, Aerospace Corporation 

scientists are conducting basic and applied research and experimental 

investigations on a broad spectrum of problems selected by staff members 

on the basis of their intrinsic scientific interests as well as on problems 

arising directly from space systems in development. Their singular role 

within this leadership group installs the scientists of Aerospace Corpo­

ration in a position to make real progress toward advancing the space 

sciences. Now, as new areas of research are being considered, more 

men with advanced degrees are needed to meet growing responsibilities 

and are urged to contact Mr. George Herndon, Aerospace Corporation, 

Room 1 20 ,  P . O.  Box 9508 1 ,  Los Angeles 45, California. 

Organized in the public interest and dedicated to providing objective leadership 

in the advancement and application of space science and 

technology tor the United States Government. 

A E R O S P A C E C O R P O R A T I O N  
All qualified applicants wil l  receive consideration for employ ment without regard to race, c reed, color or national ongm. 
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This Xmas, Give or Get 
a UNITRON Refractor! I 

Orders shipped same day as received 
The b e g i n n er, adva n ced a m ateur,  a nd pro· 
fessi o n a l  a l ike turn to U N ITRON for com· 
b ined o ptic a l  and mechan ica l  excel lence.  
I nvest i n  a U N I TRO N-the telescope that 
has  stood the  test of t ime,  

U N ITRON 2.4" Altazimuth Refractor with U N I HEX  
C o m p l ete w i t h  eyepieces  for 1 00X, 7 2 X ,  S O X ,  3SX;  

U N I H EX Rotary Eye piece s e l ecto r ;  a ltazim uth 

m o u n t i n g  with slow motion contro l s ;  tr i pod ; 5X 

v i ewfi n d e r ;  s u n g l a s s ;  and c a b i n ets. only $1 25 
UNIT!?ON 

U N ITRON'S 6" and 4" Equatorial Refractors 

1 7  U N ITRON REFRACTORS TO SELECT FROM 

., 

J 

SATE L L I T E  T E L E S C O P E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 75 
1 .6" A LTAZ I M UTH . 75 
2.4" E Q UATO R I A L . 225 
3" A LTAZ I M U T H  . 265 
3" E Q U ATO R I A L  435 
4" A LTAZ I M UTH 465 
4" E Q U ATO R I A L .. . 785 
6" E Q U ATO R I A L  5 1 25 
All instrU1mmts hillY uuaranteed. SlI·ipmclIt e.rpre88 col· 
leet. Prices incltlde Standard accessories. Selld ch eck or 
M.D. or 2 0% deposit with balallce C.O .D . 
TIME PAYMENT PLAN AVAILABLE! 

GET UNITRON' S  FREE CATALOG and 38 page 
OBSERVER ' S  GUIDE. This valuable introdu�­
tion to astronomy is yours for the asking_ 

Contents include-
• Observ ing the s u n ,  

m o o n ,  p lanets a n d  

wonders of the s k y  

• Conste l lat ion  map 

• H i nts for observers 

• G l ossary of te l escope terms 

• H ow to choose a tel escope 

• Amateur c l ubs 

UNITf(ON . ". 
I NSTRU M ENT COM PANY · TELESCOPE SALES DIV. 
66 NEEDHAM ST , NEWTON H IGH LANDS 61 , MASS. 

1 7 2  

r--:5:o l ts 
6 7.5  K 

2�mpar i son 
.----_--": -.....;;:: c oupl �� 

ri'--:;-====:J""� tU Y n ace 
"t h e r m o co u p l e  

Schematic diagram of the c ircuit for measurillg tempemtures 

job is made still easier, and better welds 
result, when a flux of borax is applied 
to the wires before striking the arc. Just 
moisten the twisted ends and dip them 
into powdered borax of the 20 Mule 
Team variety that is found in most 
kitchens. Try to control the arc so that 
the twisted ends melt into a bead about 
the size of a pinhead. Make a few prac­
tice welds with Nichrome wire from a 
heater unit until you acquire the knack. 

The potential difference across Chro­
mel-Alumel thermocouples varies from 
approximately zero volts at room tem­
perature to 45 millivolts at 1 ,050 degrees 
C. ,  as shown by the top graph on page 
167. The short-circuit current of the 
thermocouple reaches a maximum of 
about 30 microamperes at 1 ,050 degrees. 
The maximum output power of the de­
vice at this temperature is on the order of 
one microwatt. To hold costs down I 
measured the output voltage directly 
and did not attempt to amplify the cur­
rent. The measurements were made with 
the potentiometer circuit shown above. 
The potentiometer was of the large, 
wire-wound precision type currently 
available on the surplus market for $ 1 -
The fixed resistor is of the carbon type 
and rated at J� watt. The circuit is en­
ergized by a single flashlight cell, The 
voltage of the cell should be determined 
while under load by an accurate volt­
meter. The dial of my potentiometer 
turns through 270 degrees and is cali­
brated in 20-minute intervals of arc. A 
tenth of the cell voltage (. 152 volt) ap­
pears across the potentiometer. So each 
scale division equals .000 18  volt. 

The thermocouples are connected 
through a double-pole, double-throw 
switch to the arm of the potentiometer 
and the positive terminal of the battery 
so that the thermal current opposes that 
of the battery. A 0-20 microammeter of 
the flush-mounted type is included in the 
common circuit to indicate the direction 
of current flow. It was converted to func­
tion as a sensitive galvanometer by ce­
menting to the pointer a small mirror 
that reflected a beam of light to a screen 
10 yards away. To make the conversion, 
remove the movement from the case and 
carefully bend the pointer back over the 

pivot bearing in the form of a hairpin 
loop. Center a J�-inch square of glass 
broken from a silvered microscope cover 
slip above the pivot and cement it there. 
The movement is then mounted for pro­
tection in a box fitted with a window of 
reasonably flat glass, such as is used for 
photographic plates. I used a 35-milli­
meter slide projector as a light source. 

With the potentiometer set at zero, 
the switch is thrown to connect any cold 
thermocouple. The position of the beam 
on the screen is then marked "zero." 
When heat is applied to the thermocou­
ple, the beam will drift to one side. It is 
returned to zero by rotating the poten­
tiometer arm. The temperature of the 
thermocouple is then computed by 
multiplying the voltage, as indicated by 
the position of the potentiometer arm, 
by 23,200. The potentiometer scale can 
be calibrated directly in degrees centi­
grade if desired. 

I could not locate stainless steel cylin­
ders of the size specified by Smith. So I 
improvised a one-specimen sample hold­
er out of two stainless steel tablespoons, 
hammering the bowls into small cups by 
heating the spoons with a torch and 
gradually driving the metal into the hole 
of a %-inch nut with the rounded end of 
a %-inch bolt. Wrinkles were prevented 
by alternately hand-forming the cup on 
an anvil and then driving it a little far­
ther into the nut. The bottoms of the 
finished cups were drilled for the thermo­
couples and assembled with alundum 
cement to an inverted alundum crucible, 
which had previously been drilled for 
the thermocouples. Alundum insulating 
tubes could not be located, so the ther­
mocouple leads were insulated with coat­
ings of alumina cement. The heating rate 
of the furnace was controlled by a con­
tinuously variable auto transformer, A 
simple rheostat would work as well, al­
though it would run up the light bill a 
bit faster. Experimenters who duplicate 
this version of the apparatus will find 
that cranking the transformer and po­
tentiometer while simultaneously jotting 
down temperature readings will keep 
them hopping during the hour of the 
run. The results, however, will more than 
justify the effort. 
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Thermal barrier against 5000°F flame 
GENERAL ELECTRIC SILICONE RUBBER 

RESULTS O F  PLASMA J ET TESTS AT 9,OOO ° F  
F light Simulation 

Vel. = 17,000 f!. /sec. 
AI!. = 250,000 f!. 

Exposure time 
at 9 ,000 ° F  

3 0  seconds 

2 m i n utes 

3 m i n utes 

4 m i n utes 

5 m i n utes 

6 m in utes 

Back·side 
temperature of 
'/3 inch section of 

G-E silicone rubber 

100 ° F  
2 1 0 ° F  
300 ° F  
375 ° F 
430 ° F  
4W F 

The surface of the tested rubber section forms The above chart shows how the  h igh thermal  in·  
a hard,  carbonaceous crust, whi le the unders ide s u l at ion  of G·E s i l icone rubber is ma inta ined d u ro 
rema ins  flex ib le  and  u ndamaged.  Pre l im inary ing exposure to 9,000 ° F  heat.  I t  is  a lso usefu l  i n  
tests showed the effective heat of ab l a t i on  to be mechan ica l  and  e l ectr ica l  app l icat ions at  tempera· 
e ight times better than presently used p l astics,  tures from - 1 50 ° F  to 600 ° F, where i t  rema ins  
with o ne·seventh the rate  of ab lat ion  a n d  one·  res i l ient  and  f lex i b l e .  I t  a l so m a i nta ins  its excel ·  
fo u rth the  we ight l oss.  Here  is  an  exce l l ent  l ent  phys ica l  and  e l ectr ica l  propert ies over th is  
ab lat ive cover ing with l ow thermal  cond uctivity.  wide temperature range for extended per iods .  

Continued h igh temperature testing goes on  a t  
Genera l  E l ectr ic's M iss i l e  and  Space  Veh i c l e  
Department i n  P h i l a d e l p h i a .  S h o w n  above is a 
typ ica l  spec imen undergoing p lasma jet test ing 
i n  a n  e l ectr ic arc heated superso n i c  w ind  tun·  
ne l .  Cont inuous  test ing l i ke th is  wi l l  deve l o p  
n e w  data on  the thermal  a n d  ab lat ive u s e s  of  
G·E s i l icone rubber .  

To learn more about G·E si l icone rubber,  and its uses as a thermal and ab lative material ,  

write: General E lectric Company, Si l icone Products Dept.,  Section U1 261 ,  Waterford, New York. 

G E N E R A L . E L E C T R I C  
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I Diamonite® 
'Pr;dud� rv1fg

'
. Co., Sh reve, Oh i o, gang­

gri nds cera m i c  ri ngs with natura l  d i a mond whee l .  
r The u n cha ngi ng d i mension o f  the whee l assures , un i formity of d i a meter a nd s u rface fin i sh. O n l y  

d i a monds ca n give the fi n i sh req u i red t o  meet ' 
specified to lera nces. 

Be l l  & Howe l l ,  Chi cago, gri nds 13 l e nses s i m u ltaneously 
with natura l d i a monds.  Cup-type meta l-bond wheel  i s  i m­
p regnated with 160-mesh natura l d i a mond part i c les.  Be l l  
& Howe l l  a l so uses natura l  d iamonds to po l i sh prec is ion  
pa rts for the i r  new "zoom" camera mecha n i sm.  

These man ufactu rers 

a re us ing natu ra l  d iamonds 

to adva ntage. 

You ca n,  too. 

I n d ustria l d i a m o nds c u t  p ract ical ly  everything . . .  especia l ly yo u r  p r o d u ction costs 
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Nationa l V u l c a n i zed F i ber  Compa ny, W i l m i ngton,  De laware, 
cuts g lass-re i nforced p l ast i c  t u b i ng with d i a mond cut-off 
whee l .  Meta l-bond d i a mond wheel  withsta nds heavy a b ra­
sion of g lass rei nforcement, a nd leaves a c lean,  smooth 
edge without caus i ng d e l a m i nat ions. 

Ka n d u  Too l Compa ny, New Haven, Connect i c ut, 
gri nds carbide gun d r i l ls ,  used to d r i l l  deep holes i n  
stee l ,  with natura l  d i amond res i no i d-bond whee l .  
I n  t h i s  operat ion ,  . 015"  of mater ia l i s  removed i n  a 
p l u nge cut. On ly natura l d i a monds can withsta nd 
the i m pact of the i nterru pted cut .  

The fou r  gr i n d i ng a n d  po l is h i ng jobs shown here spa n the fie l d s  of optics, 

m eta lwork i ng a n d  cera m ics. But they have one i m porta nt t h i ng i n  co m mo n :  

i n  every ca se, n a t u ra l  d i a monds a re d o i n g  t h e  j o b  q u i c k ly - a n d  econ o m i ca l ly. 

I n  d i a m o n ds, you fi n d  t h i s  u n iq u e  com b i nat ion  of propert ies :  

exce l lent  cutt i ng a b i l i ty l i n ked with fa ntast i c  e n d u ra nce. 

Res u lt :  you r  d i a mond too l s  last l o nger tha n a ny other too l s  you ca n u se.  

Yo u r  peo p l e  spend more t ime prod u c i ng, less t ime c h a n g i n g  too l s . 

If you c ut, s h a rpen or smooth i n  you r  b u s i ness, you ca n proba b l y  use natu ra l  

d ia mo n d s  to a dva ntage. Test t h e m  aga i n st the m eth od you're now u s i ng. 

Yo u' l l  see h ow effic i e nt - a n d eco n o m ica l - a  d i a m o n d  ca n be, espec ia l ly now. 

B EST G R IT F O R  M ETAL-B O N D  W H E ELS D EV E L O P E D  BY T H E  

D IA M O N D  R ES EAR C H  LAB O RATORY I N  J O HAN N ES B U R G  

A new i m pa ct crush i ng method for natu ra l  d i a monds i s  n ow prod u c i ng the 

strongest and most d u ra b l e  d ia mo n d  grit  ever  obta i ned for meta l-bond wheels .  

Your  too l and whee l ma n ufact u re r  i s  ready to he lp  you se l ect 

the d ia mo n d  too l that 's  r ight  for yo u r  job.  

10' I nd ustr ia l Distri butors (Sales), Ltd . 
,UJ Wor l d ' s  lea d i ng s u p p l ier  of d ia m o n d s  for i n d u stry 
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O P P O R T U N I T I E S  I N  

C O N C E PTU A L  SYSTEM S  E N G I N E E R I N G  
A N D  ADVA N C E D  R E S EA R C H 

Recon n a i ssance Systems e l ectro n i c ,  photo or  i nfrared reco n n a i ssance 

systems; photo a n d  i nfra red i n strumenta t i o n ;  E l i n t s i m u l ators . Radar 

& Microwaves advanced rad a r  systems, coherent Dopp l e r  data proc­

e s s i n g  radars;  sate l l i te track ing a n d  telemete r i n g ;  com m u n i cat ions;  

MASERS o r  LAS E R S ;  e l ectro magnet ic  theory; informat ion theory;  radar  

cross sect i o n  measurements;  antennas,  RF I  • Computer Design a n d  

D a t a  M a n a g e m e n t  a i rborne d i g i t a l  or  a n a l og c o m p u t e r  des ign for use 

w i t h  navigat ion a n d  g u i d a nce syste m s ,  equipment progra m m i n g ,  com­

mand a n d  contro l ;  data record i n g ;  data d i s p l a y s · Advanced Naviga­

tion a n d  Guidance for high performance a i rcraft a n d  space v e h i c l e s ;  

sate 1 1 i te tra j ectory c o m p u t a t i o n  a n d  pred ict ion;  sate 1 1 i te re-entry a n d  

recovery • D a t a  Processi ng and Communicat ions g round b a s e d  sys­

tems for reco n n a i ssance data process i n g ,  poi n t-fo-po i n t  data trans­

m i ss i o n  a n d  com m u n i ca t i o n s  network; data proce s s i n g  system d i s p l a y  

a n d  presenta t ion tech n iques;  computer d e s i g n  • Advanced Research 

P h D ' s  preferred for  theoret i c a l -e x p e r i m e n t a l  stu d i e s  i n :  cryog e n i c  de­

v ices, e l ectro n i c  m i cro m i n i a t u r i z a t i o n ,  optics, h yperth e r m a l  resea rch, 

a str";)geophysics,  a p p l i ed mathemat ics ,  m o b i l ity resea rch,  n u c l e a r  s h i e l d ­

i n g ,  s p a c e  r a d i a t i o n ,  r a d i a t i o n  effects . Operations Research weapons 

systems a n a l y s i s ;  m i l i tary operat ions and l o g i st ics  p l a n n i n g ;  m a n a g e r i a l  

a n d  i nd u s t r i a l  a p p l icat ions;  econo m i c  a n a l y s i s ,  pred ict ion a n d  p l a n­

n i n g ;  cost a n a l y s i s ;  mathemat ica l  proba b i l i st ic  a n d  sta t i s t i c a l  model  

deve l o p m e n t  • Also current openings in:  structu ra l  l o a d s  a n d  dy­

n a m ics,  h u m a n  factors, fl u i d  power control  systems.  

THROUGH B-58  PROG R A M  EXPERIENCE, our 
engineering staff developed a u n ique capabi l i ty in 
high performance a ircraft and electronic  systems 
des ign .  Now, this m ature capabil ity is  d irected to 
new program s  for a i r  vehicles, advanced m i l i tary 
weapons and reconnaissance systems,  and certai n  
space-oriented development p rojects . I n  addit ion,  new 
emphasis  is  being given to basic problems in the space 
sciences through a new and expanding Advanced 
Research staff. I m mediate Senior and Project-level 
open i ngs are available in the fields l i sted at left for 
engi neers and scientists with advanced degrees and 
related experience. All  qual ified appl icants wi l l  re­
ceive consideration for employment without regard 
to race, creed , color, or national  ori g i n .  Send a 
detailed res u m e  of your tra In Ing and experience to 
General Dynamics/ Fort Worth, P. O. Box 748S, 
Fort Worth , Texas.  

GII I I I I � ID 
G E N E RA L  OV N A M I C S I F O RT WO RTH 
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by A. Rupert Hall 

THE MECHANIZATION OF THE WORLD 
PICTURE, by E. J. Dijksterhuis. Ox­
ford University Press ($16.80) . XTIong the changes in thought ac­

companying the evolution of mod­
ern science, one of the most pro­

found and fertile is singled out for con­
sideration in this penetrating book, the 
fruit of a lifetime of study in the history 
of science. The change was that by which 
mechanistic (or, as men in the 17th 
century said more simply, mechanical ) 
explanations of phenomena came to be 
preferred to all others. When it occurred, 
this change involved a sharply formulat­
ed antithesis between what science had 
hitherto been and what it should be. The 
science of Greek antiquity and the Mid­
dle Ages was accused of accounting for 
things in nature by means of entities 
(such as the celestial spheres and Aris­
totle's four elements ) whose existence 
was not proved, and by the manipulation 
of concepts that were either esoteric and 
incomprehensible (such as "form" and 
"equality" ) or, still worse, frankly super­
natural (such as intelligences respon­
sible for the planetary motions ) .  So long 
as the investigation of nature had been 
in the hands of Aristotle and his dis­
ciples-the Schoolmen-the answer to 
the simplest question entailed a hopeless 
plunge into the unfathomable. It was the 
ambition of the first modern scientists to 
explain what was at first sight complex 
by reference to principles and relation­
ships that were simpler and better 
known. 

At the end of a chain of reasoning, 
they argued, should be found causes 
more simple, not more recondite, than 
the effects they explain. Now the most 
direct examples of causal relationships 
are mechanical ones: one end of a lever 
rises because the other is depressed; a 
stationary billiard ball moves because it 
has been struck by the cue. Moreover, if 

BOOKS 
A newly translated history of science that 
traces the rise of the mechanistic concept 

care is taken in defining the circum­
stances-the billiard table must be level 
and so forth-it is possible to say of 
mechanical systems that event B will 
occur if and only if a prior event A oc­
curs. Therefore in a given system the 
occurrence of B can be explained only 
by saying that A has occurred, and ac­
cordingly a mechanical system may be 
defined as one governed by a strict and 
describable rule of causality. It certainly 
need not be "machine-like" in the crudest 
(and most pejorative ) sense. 

This, I believe, is what 17th-century 
scientists meant by the adjective when 
they described themselves as "mechani­
cal philosophers ." They meant that their 
mechanistic universe was strictly logical 
and consistent, and moreover that it was 
describable because it could be ana­
lyzed-that is, broken down into simple 
components like those of a machine. 
Using a metaphor rather than a compari­
son, they could therefore liken the uni­
verse to a vastly complex astronomical 
clock or to a delicate watch. In a rather 
different sense they could also maintain 
that their philosophy was mechanical 
because it began from the premise that 
everything happening in the universe 
can be reduced to some phenomenon of 
matter in motion, so that the science of 
mechanics (in the modern sense ) was 
the primary and ultimate science. This, 
however, was an ideal; it was possible 
to be a mechanical philosopher without 
being a mathematician, and mechanics 
itself was unable to say why motions of 
matter occur. 

This question was always latent in 
mechanistic philosophy, intertwined 
with the problem of determinism. For if 
there is nothing but inert matter in the 
universe, and if all the causes of its mo­
tions are themselves mechanistic, then it 
seems that everything happening must 
be determinate. The word "chance" then 
merely signifies "hard to calculate." 
Thus in Descartes's cosmology, since 
every particulate motion is merely a 
consequence of the law that the total 
quantity of motion remains always the 
same, determinism is complete. Though 

Descartes writes of a particle of matter 
"happening" to do this or that, there can 
be no question of its motion being for­
tuitous, except in so far as he declares 
the human soul to be nonmechanistic. 
With Isaac Newton, in whose work the 
17th-century mechanical philosophy at­
tains its peak, the question assumes a 
new form. For Newton the universe is 
fully mechanistic, to the extent that its 
phenomena result from the motions of 
matter produced by forces, or, as he also 
calls them, "virtues" or "powers." Of 
these Newton recognized several kinds, 
including the gravitational, cohesive, 
chemical, magnetic, electric and optical. 
But Newton clearly doubts whether or 
not forces themselves are mechanical 
in their origin, for several excellent rea­
sons. Above all, to resolve the forces into 
further mechanical systems would ren­
der the universe utterly "machine-like," 
without Creator, design or purpose. So 
Newton declares in a letter to Richard 
Bentley: 

"Gravity must be caused by an agent 
acting constantly according to certain 
laws, but whether this agent be mate­
rial or immaterial, I have left to the con­
sideration of my readers." 

From many passages in his writings it 
is clear that Newton felt bound to resist 
the mechanization of physical forces if 
this entailed a denial of God and a De­
sign (which he took to be scientifically 
demonstrable ) .  Since he was unable to 
define the nature of these forces so that 
they appeared neither merely mechani­
cal nor (as his critics objected ) strange­
ly miraculous in their origin, he left the 
problem transmuted but unsolved. 

So far Newton's attitude was not re-

EDITOR'S NOTE 

Each December since 1949 this 
department has reviewed a num­
ber of books about science for 
younger readers. The reviews be­
gin on page 183. 
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mote from that of his Christian predeces­
sors in the mechanization of nature. To 
men for whom both the Old and the New 
Testaments were literally exact, mecha­
nism would have been unthinkable had 
it not been possible to conceive that the 
universe was God's artifact, a Great En­
gine constantly under His surveillance. 
Among Newton's contemporaries, how­
ever, there were those who countenanced 
no limits to mechanism and who accord­
ingly charged Newton with betraying 
the cause of modern science . The Dutch 
physicist Christiaan Huygens, for ex­
ample, declared that "in true science . .  , 
the causes of all natural phenomena are 
known from the principles of mechanics . 
In my opinion this is necessary, or else 
we must give up all hope of ever under­
standing anything in physics . "  

In the opinion of Newton, for whom 
"to discourse of [God] from the appear­
ance of things, does certainly belong to 
Natural Philosophy," the limits of mech­
anization were set by the science of 
mechanics itself, which does not say how 
forces arise but tells us rather

' 
what 

their effects are. As defined by Newton, 
a force is simply that which accelerates 
a body; in modern classical mechanics 
force equals mass times acceleration. 
Neither view says anything about what 
forces actually exist. 

Newton's view prevailed . It was in the 
limited, Newtonian sense that classi­
cal physics established the details of a 
mechanistic universe .  For this universe 
still admitted Newtonian forces, whereas 
renewed attempts in the 18th and 19th 
centuries to replace them by mechanical 
constructs collapsed as the earlier at­
tempts in this direction by Descartes and 
Huygens had collapsed. It is true that 
Newton's force was no longer regard­
ed as an emanant effect of Newton's 
God; Laplace, as he said in his fa­
mous comment to Napoleon, had no 
need of that hypothesis . But Laplace did 
not claim to be able to explain gravity. 
Like magnetism or chemical affinity, 
gravity had to be accepted as an inex­
plicable part of the way things are. 

To do so did not hinder the develop­
ment of physics until almost two cen­
turies after the publication of Newton's 
Principia. On the contrary, it enabled 
classical physics, following the example 
of the Pri11cipia, to develop mathemati­
cal theories free from the taint of specu­
lation that had clung to the mechanical 
models of Descartes and Huygens . As a 
result the Newtonian concept of force, 
indefinite though it appears, is properly 
regarded as the last step in that develop­
ment of mechanistic science through the 

17th century which made classical phys­
ics possible . 

This crucial development has been 
studied often and from many points of 
view. The evolution of the mathematical 
science of mechanics and specifically of 
celestial mechanics is intimately in­
volved in it. Not less so are the histories 
of astronomical and atomistic theory. 
Again, the case for and against a me­
chanical explanation of events has been 
much debated by philosophers, with ob­
vious repercussions on religiOUS belief. 
The scope of The Mechanization of the 
World Picture-the title of the recent 
English translation of E . J. Dijksterhuis' 
monumental volume originally pub­
lished in Dutch 11 years ago-is neces­
sarily wide-ranging and copious . In fact, 
Dijksterhuis' book is a complete history 
of physical science from antiquity to the 
time of Newton, focused on the mech­
anistic concept. Thoroughly and au­
thoritatively it traverses all aspects of 
the matter, from philosophical specula­
tion to the mathematical artifices of 
planetary motion. Dijksterhuis ,  a senior 
member of the distinguished Dutch 
group of historians of science, has 
taught for many years at the University 
of Utrecht; he proves himself here a 
master of his material and its exposition. 

Few readers who pick up this solid 
\'olume will be deceived by its author's 
manner of address to the general reader 
into supposing that this is a trivial work. 
It is a major contribution to the history 
of science whose ready availability in 
English has been eagerly awaited for 
several years . It should be remarked at 
once that the translation by Miss C. 
Dikshoorn is excellent. This is a book for 
serious study, and one that well repays 
the effort. Its author expects a fair 
amount of mathematical and physical 
understanding on the part of his readers, 
and by no means fails in respect to his 
subject by sliding over its difficulties. 
The reader must be prepared to grapple 
with ideas, and sometimes terminologies, 
that demand concentrated attention. 

The main steps in The Mechanization 
of the Wodd Picture are not difficult to 
pick out, though no short summary can 
do justice to Dijksterhuis' learned and 
enlightening study of the original texts. 
The main speculative contribution of the 
Greeks was their atomistic theory; this 
was countered, however, by the qualita­
tive physics of Aristotle, The Greek use 
of mathematics-chiefly in astronomy 
and statics-furnished another essential 
element, but, as Dijksterhuis rightly 
points out, the use remained immature 
because the Greeks regarded mathe-
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matics as capable of representing the 
phenomena, not of explaining them. 
Hence their celestial kinematics never 
developed into celestial dynamics 
"through an inquiry into the possible 
efficient cause of the movements traced." 
Here, of course, there is a vital issue to 
which Dijksterhuis necessarily returns 
again and again: so long as mathematics 
was employed merely to describe, it was 
inevitably outside the core of scientific 
thinking, which was indeed dominated 
during antiquity and the Middle Ages 
by Aristotle . Passing over Dijksterhuis' 
careful accounts of the revival of Greek 
science in Europe and the shaping of 
medieval philosophy, we find a judicious 
treatment of the medieval "science of 
motion," of the idea of impetus and the 
mathematical analysis of variability. As 
is now well known, this medieval dis­
cussion was the fertile soil from which 
arose directly the discoveries in mechan­
ics of Galileo and his contemporaries.  
Then, through Renaissance philosophy 
and fair, if critical, evaluations of such 
key figmes as Leonardo da Vinci, Para­
celsus and Copernicus, Dijksterhuis' 
story enters its critical and ultimately 
triumphant phase. From the work of 
Simon Stevin, Galileo and Kepler in the 
late 16th centUlY stems the great flow of 
discovery and innovation in physical sci­
ence-and above all in mechanics as the 
paradigmatically mathematical branch 
of physics-that leads directly to Newton 
and so to the classical concepts . 

Considered as a history of physical 
science, Dijksterhuis' book deserves 
nothing but praise. It is full, accurate and 
acute. If it is unfortunate that the au­
thor was unable ( as he acknowledges) 
to refer to important work that has ap­
peared in the dozen or so years since his 
book was written, it is no less unfortu­
nate that the originality of Dijksterhuis' 
conclusions has so long been hidden from 
English readers. For instance, his well­
argued contention that Galileo was both 
less original and less correct than tradi­
tion has held him to be is far less striking 
now than when tlus book was written. 
Yet Dijksterhuis is still ahead of the field 
in criticism of Galileo-perhaps vulner­
ably so, for he seems to forget that Aris­
totle was no less Galileo's target than was 
Ptolemy, and his statement that every 
one of Galileo's discoveries could have 
been accounted for in the Ptolemaic sys­
tem is untrue. ( Of comse,  nothing that 
Galileo did compelled men to believe in 
any form of heliocentric system either.) 
Nor is it quite clear why doubt should 
be cast on almost every one of Galileo's 
appeals to experiment when each of 
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Pascal's bizarre accounts of experiments 
(of which Robert Boyle was highly skep­
tical) is accepted without comment. But 
differences of interpretation such as 
these are not significant in a long and 
thoughtful account of physical science. 

In turning to the specific object of the 
book-to trace the rise of mechanism in 
science to its full acceptance (at any rate 
in physics) -wider and more fundamen­
tal criticisms suggest themselves. It may 
be doubted whether the development of 
this particular concept of, or attitude to, 
nature is best brought out by recount­
ing the whole history of physics, even 
though that history certainly entails the 
dominance of that concept. A treatment 
that is at once more analytical and more 
synthetic than Dijksterhuis' may be re­
quired, and one that is more philosophi­
cal. That the world is mechanistic is a 
philosophical concept that has influ­
enced science, that many men have re­
garded as essential to science and that 
many also have thought to be justified 
by science. But the concept can hardly 
be said to have been produced by sci­
ence. In fact, when it first became sig­
nificant, in the 17th century, there was 
no scientific justification for it. Thus 
there is a paradoxical sense in which the 
history of mechanism is outside the his­
tory of physics until three centuries ago . 

Of course, Dijksterhuis is well aware 
that scientific activity may be condi­
tioned by the prevailing outlook in 
philosophy, and, as I have indicated, he 
puts much effort into reviewing philo­
sophical systems. But he is also well 
aware that philosophical ideas do not 
constitute science . In the last analysis, 
therefore, the mechanization of the 
world picture is not seen by him as the 
unfolding in science of a way of regard­
ing nature whose origins and strengths 
are ultimately philosophical (indeed, 
metaphysical) . It is seen in the closing 
words of his book as "the introduction of 
a description of nature with the aid of the 
mathematical concepts of classical me­
chanics; it marks the beginning of the 
mathematization of science, which con­
tinues at an ever-increasing pace in the 
twentieth century." There is much in 
this final sentence worthy of discussion; 
here, however, it is only necessary to re­
mark that while Dijksterhuis' definition 
is perfectly just as applied to the work 
of mathematical physicists from New­
ton on, it does not apply to many 
"mechanical philosophers" who preced­
ed Newton or to some who came after 
him. Perhaps their view should have 
been that precise, but in fact it was not; 
they sought something far more partial 
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and nebulous, being perhaps more at 
home with pictorial and model repre­
sentations than with mathematics. It 
might reasonably be said, for instance, 
that Dalton's atomic theory mechanized 
the theories concerning chemical com­
bination that were formulated by Lavoi­
sier and his successors (much as Boyle 
had attempted, prematurely, to do) ; but 
Dalton utilized neither mathematics nor 
the concepts of classical mechanics . If 
it is objected that Dalton's was only the 
first rudimentary step, it can be observed 
that chemical phenomena never have 
been described with the aid of the 
mathematical concepts of classical me­
chanics, nor was it an endeavor of 19th­
century chemists to accomplish this . 
Nevertheless, one would ordinarily re­
gard 19th-century chemistry as a mech­
anistic science. 

The same kind of difficulty occurs in 
some of Dijksterhuis' observations on 
Kepler, of whose discoveries he gives a 
particularly fine account. He records as 
the second of the principal features of 
Kepler's method in science: "Independ­
ence of scientific inquiry of all philo­
sophical and theological tenets ."  He ex­
plains further that this "does not of 
course imply that human thinking had 
become independent of metaphysical or 
religious convictions, but only that they 
were no longer allowed to fulfill any 
function in the study of science as such." 
And Kepler, Dijksterhuis points out, was 
egregiously not independent in the for­
mer sense, since his work was inspired 
by both Christian and Pythagorean 
ideas. In what sense, then, is Kepler's 
science nevertheless "independent"? 
Certainly he did not falsify observations 
or computations to prove a preconceived, 
metaphysical idea;  nor did he conceal 
failure of his preconceived ideas to 
match with the facts. That is to say, he 
was honest. But he certainly sought and 
sometimes found things in science be­
cause nonscientific considerations led 
him to believe they must exist. Had he 
not entertained such considerations he 
would have acted otherwise; in this 
sense, at least, they had a scientific func­
tion. A man's ideas do not cease to be 
metaphysical in origin because the most 
scrupulous scientific inquiry proves them 
to be true. 

The great strength of Dijksterhuis' 
book is that it brings out very fullv both 
the deficiency of ancient science arising 
from the lack (indeed, the rejection) of 
mechanistic analyses of phenomena, and 
the h'emendous theoretical development 
that followed in the 17th centurv and 
later from the use of such analyses. To 
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heresy ... our industrial culture ... pop-
ulation ... resources ... revolution ... 
a stable peace. 
J. BRONOWSKI says Mr. Pie!'s book re­
fle cts "The best tradition of humanist 1vrit· 
ing." C. P. SNOW calls it HMost impressive." 
LORD BOYD-ORR comments: "Ij it were 
read by 10 million people on both Bides oj the 
iron curtain an informed public opinion 
would force the few 'men who today hold the 
destiny of mankind in their hands to begin 
immediate disarmament." 
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go further, to make the most complete 
exploration of the roots of the mechanis­
tic concept, would be to write another 
kind of book. Again, a different book 
would be required to explore the mech­
anization of the biologist's view of the 
world-on which Dijksterhuis is com­
pletely silent. Other approaches than 
his have their imperfections. Dijkster­
llUis' book has the great advantage of 
following closely the actual events, the 
problems and their conquest, in the his­
tory of physical science. It never loses 
sight of the specific or of what (at dif­
ferent times) the intellectual horizons of 
scientists actually included. And above 
all it is a magisterial history of physico­
mathematical science. 

Children's Books 

V IRUSES AND THE NATURE OF LIFE, by 
Wendell M. Stanley and Evans G. 

Valens. E. P.  Dutton & Co., Inc. ($4.95). 
Co-operative books, not to say co-opera­
tive popularizations, rarely turn out well. 
This book is a conspicuous exception. 
Wendell Stanley and a collaborator, sup­
ported by a number of other authorities 
on virology (Robley C. Williams, Gun­
ther S. Stent, Arthur Pardee, Harry 
Rubin, C. Arthur Knight, Heinz Fraen­
kel-Conrat) who are responsible for spe­
cial chapters, tell the story of viruses 
better than it has ever been told before. 
Just as explorers and mountain climbers 
are frequently able, in spite of the lack 
of formal training as writers, to tell of 
their adventures in direct and engrossing 
fashion, these investigators, experts in 
their field of research, have put together 
an always readable, fascinating report of 
their adventures with flasks, test tubes, 
Petri dishes, centrifuges, electron micro­
scopes and other laboratory parapher­
nalia. They explain what a virus is, its 
dual personality as a molecule and a liv­
ing organism, its capacity to reproduce 
itself, its role as an agent provocateur, its 
relation to cancer and other diseases . 
They clarify the roles of protein and 
nucleic acid, the chemistry of mutation 
and the marvelously intricate process by 
which the genetic material duplicates it­
self. Photographs and diagrams contrib­
ute to the effectiveness of the story. 
Highly recommended for teen-agel's and 
adults. 

GALILEO AND THE SCIENTIFIC REVOLU­
TION, by Laura Fermi and Gilberto 

Bernardini. Basic Books, Inc. ($3.50). It 
is a curious fact that no full-scale modern 
biography of Galileo has been written. 
He had a long and full life; he was a 
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pioneer of physics and astronomy and 
a founder of the scientific revolution; he 
was a brilliant writer and an incompa­
rable polemicist; he was persecuted for 
his ideas, engaged in a long struggle with 
the Church on behalf of freedom of 
thought in science, was the central fig­
ure in a famous ecclesiastical tTial and 
was condemned to spend the last years of 
his life in seclusion. The ingredients of a 
first-class story are all there, but other 
than Zsolt de Harsanyi's biographical 
novel (1939) and Giorgio de Santil­
lana's study The Crime of Galileo 
(1955) , which deals with the intricate 
and still not fully explained circum­
stances leading to the Inquisition's 
charges of heresy, the life of this remark­
able man has received scant attention. 
This book by Mrs. Fermi and an Italian 
physicist is therefore very welcome. It is 
not, to be sure, a full-dress performance. 
It is a 150-page volume appearing in a 
series addressed to students and general 
readers ; it has none of the solemn (and 
useful) apparatus of scholarship, and it 
offers nothing new except an English 
translation of Galileo's first work in Ital­
ian, La Bilancetta (The Little Balance), 
written when he was 22 years old, which 
suggests how Archimedes might have 
actually performed his famous experi­
ment on Hiero's crown. There is no need, 
however, to apologize for the book. As 
an introduction to its subject it has 
no peer, and as a sketch, not only for 
teen-agers but also for readers at any 
age level, of Galileo's personality and 
achievements it deserves high marks. 
The writing is simple and pleasant. 
There is no hero worship. Galileo's ideas 
and thought experiments are well ex­
plained. A good book whose quiet tone 
is peculiarly effective in bringing out the 
drama of Galileo's life. 

FARADAY AS A DISCOVERER, by John 
Tyndall. Thomas Y. Crowell Com­

pany ($2.75) . Michael Faraday died in 
September, 1867. Four months later 
John Tyndall, Faraday's associate and 
later his successor at the Royal Instihl­
tion, gave a memorial lecture entitled 
"Faraday as Scientist and Man." The 
material of the discourse was published 
as a book in 1868 under the title Faraday 
as· a Discoverer. Immensely well re­
ceived, the volume went through several 
editions, the fifth in 1893. It is this edi­
tion which is here reissued with an in­
troduction and notes by Keith Gordon 
Irwin and a few additional illustrations. 
Tyndall's book is a minor classic of the 
history of science, a keystone of the lit­
erature on Faraday. Tyndall was an emi­
nent physicist and a graceful writer, and 
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he knew Faraday well .  The account of 
his incomparable experiments in chemis­
try and electricity and magnetism, of his 
broader speculations on gravity, lines of 
force and the nature of matter is lucid 
and altogether admirable. Only one oth­
er writer, Silvanus P. Thompson in his 
long-out-of-print book Michael Faraday, 
His Life and Work, covered the material 
so skillfully; his account is more detailed 
and has the advantage of examining 
Faraday's achievements from the van­
tage point of increased scientific and 
technical knowledge, important parts of 
which grew out of Faraday's discoveries. 
Tyndall's book, however, has lost none 
of its interest and can be enjoyed by any 
student or general reader who wishes to 
learn about one of the greatest "experi­
mental philosophers" the world has ever 
seen. 

NOMIC PHYSICS TODAY, by Otto R. 
Frisch . Basic Books, Inc. ($4.50). 

Since this book is based, as the introduc­
tion points out, on a number of broad­
casts and popular articles written during 
the past few years, it does not at first sight 
seem a very promising package. But the 
reader is in for an agreeable surprise. 
Frisch is Jacksonian Professor of Physics 
at the University of Cambridge, known 
for his collaboration with Lise Meitner in 
1939 in the identification and explana­
tion of the phenomenon of nuclear fis­
sion. He gives a clear, well-paced, com­
prehensive survey of the main topics of 
atomic physics, which loses little, if any­
thing, by being a collection of inde­
pendent articles rather than a systematic 
exposition. Among the subjects dealt 
with are fission, mdioactivity, energy 
from hydrogen fusion, the nature of 
atoms, waves and particles, how atomic 
particles are made visible and counted, 
the atomic nucleus, high-energy acceler­
ators, fundamental particles, the neu­
trino, parity, causality. High school stu­
dents and adults interested both in what 
is known about the atom and in the great 
unsolved problems of physics will find 
this a stimulating volume. 

REALM OF ALGEBRA, by Isaac Asimov. 
Houghton Mifflin Company ($3). 

Asimov has done an excellent job of ex­
plaining the building blocks of algebra, 
the rudiments that are so often badly 
taught and that so many youngsters, 
even the bright ones, don't quite get the 
hang of. The result is that, while they 
are able to go on and take the required 
mathematics courses in high school, they 
perform with about the same under­
standing of what they are doing and why 
as trained seals. The book discusses the 
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meaning of equations, why things are set 
equal, how to maneuver fractions, the 
vagaries of negative numbers, mixing 
different operations, the relations be­
tween equations and figures, the use of 
parentheses, extraction of roots, solving 
quadratics, simultaneous equations. A 
final chapter demonstrates the uses of 
algebra in determining the behavior of 
moving bodies, the law of gravitation, 
the weight of the earth. The whole thing 
is handled so well one is sorry to see the 
book come to an end and regrets that 
Asimov is not at hand while one is strug­
gling with more advanced topics. For 
ages 12 and up, and for anyone who 
would like to make a fresh start in the 
realm of algebra. 

MATHEMATICS IN THE MAKING, by 
Lancelot Hogben. Doubleday & 

Company, Inc. ( $9.95) . With Mathe­
matics for the Million Hogben broke new 
ground in the popularization of the sub­
ject. There had, of course, been other 
good simplifications long before his time.  
In the 18th century, for example, the 
great Leonhard Euler broke open the 
mysteries of algebra in his Letters to a 
German Princess; in the 19th century 
Adolphe Quetelet wrote charmingly ( for 
a duke) about the meaning of statistics, 
and Augustus De Morgan published sev­
eral first-rate mathematical primers; in 
this century Silvanus P .  Thompson's 
celebrated little Calculus Made Easy and 
Alfred North Whitehead's Introduction 
to Mathematics were among the books 
which helped the student and general 
reader to grasp mathematical concepts 
and to taste the intellectual excitement 
of the foremost science. Hogben, how­
ever, made his own distinctive contribu­
tion, not only in the range of topic.s with 
which he dealt, the detailed treatment 
and the skillful use of illustrations, but 
also in style and interpretation. In Hog­
ben's view mathematics is and always 
has been a tool, an instrument, a means 
of communication. While he is not in­
different to its elegance and beauty, nor 
insensitive to mathematics as a form of 
art, his primary concern is with its serv­
ice to man in achieving understanding of 
and control over the physical world. Man 
made mathematics to help him as an ac­
countant, surveyor, architect, explorer, 
carpenter, merchant, stargazer, bridge 
builder, physicist, biologist, gambler, un­
derwriter, soldier, clockmaker, econo­
mist-and as a student of human affairs 
and human behavior. This view of the 
subject strongly flavored Mathematics 
for the Million and continues to flavor, 
though perhaps somewhat less strongly, 
the present volume. What is now offered 
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is a "humanistic" account of the growth 
of mathematics, an attempt to describe 
by selected major achievements "a facet 
of the history of the technique of human 
communications ." In a text sb'ongly sup­
ported by a variety of visual aids-in­
genious diagrams, photographs, facsim­
iles, colored illustrations-Hogben spans 
the development of mathematical ideas 
from the beginnings of counting and 
measurement to the sophistications of 
Godel's proof. This is not always an easy 
book for the beginner or even the begin­
ner-over-again. It compels concentration 
and presses the reader to work through 
the methods and examples .  It is also 
opinionated and designed to affront 
orthodox opinion; he says, for example, 
that Aristotle was pre-eminent in stifling 
human inventiveness, and that if he and 
Plato were truly representative of the in­
tellectual achievements of Greek civili­
zation, "we might reasonably write off 
the Greek contribution as a prolonged 
setback." But Hogben naughty is still 
Hogben, which is to say an able scientist 
and a lucid popularizer, with a gift for 
illuminating mathematical ideas, tracing 
their origins and exhibiting astonishing 
relationships between apparently unre­
lated concepts . For teen-agers and 
adults. 

T HE WONDERFUL WORLD OF E NGI-
NEERING, by David Jackson. Double­

day & Company, Inc. ($2.95) . Excellent 
books have appeared in this series, 
among them Ritchie Calder's on medi­
cine and John Boyd-Orr's on food. This 
one is no earth-shaker, but it is colorful, 
pleasant and mildly informative. It gives 
a scattering of facts about laying railway 
tracks, building dams, river control and 
irrigation, digging canals, mounting 
large radio telescopes, pushing roads 
through difficult terrain, tunneling under 
mountains and water, constructing tall 
buildings, bridges, harbors and break­
waters, and so on. Good illustrations of 
all types, some in color. 

R ADIOASTRONOMY AND RADAR, by J .  G.  
Crowther. Criterion Books, Inc. 

( $3 .50) . The very same device that 
played a critically important role during 
the war-radar-was almost immediately 
afterward transformed into a major tool 
of aSb'onomical research, the radio tele­
scope. This book, for teen-agers, gives a 
concise and clear account of the origin 
and principles of radar, its present-day 
uses in navigation and surveying, airfield 
control, weather forecasting ; and a sim­
ilar survey of radio astronomy, including 
descriptions of the scientific knowledge 
which has been gained and of the re-
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ON 
GROWL 
AND 
FORM 
by D'A rcy 

Thompson 
abridged by 

1. T.  Bonner 
This is a book about the way 
grow and the shapes they take . 
D'Arcy Thompson, a great man of 
science, who was also a poet, and 
wise, tells of the shape of horns, of 
teeth, of tusks ; of j umping fleas and 
slipper limpets ; of buds and seeds, 
bees' cells and drops of rain ; of the 
potter's thumb and the spider's web ; 
of cylinders and unduloids;  of a film 
of soap and a bubble of oil; of the 
splash of a pebble in a pond . 

The original ON GROWTH AND 
FORM stretched through 1 000 page s ;  
an absorbing work b u t  a frightening 
length. Now Professor Bonner has 
cut it  to less than half, with a deep 
regard for the spirit of the whole . 

Presented in D'Arcy Thomp­
son's own words, here is the core of 
a great book . 1 83 illustrations. At 
your booksellers . $5 .95 

CAMBRIDGE UNIVERSITY PRESS 
3 2  East 57th Street, New York 22, N.Y. 
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search programs being carried out with 
the immense new radio telescopes in 
Britain, the U.S. and elsewhere. Crow­
ther is an able popularizer, skilled in 
making intricate mechanisms under­
standable and engrossing. Illustrations . 

TEN LITTLE HOUSEMATES, by Karl von 
Frisch. Pergamon Press, Inc. ($3 ) . 

The title is cute and so is some of the 
writing, but this is a most engaging little 
book. It deals with the incivilities and 
the charms (if any ) of 10 small crea­
tures, several, if not all, of which are apt 
to be our lodgers. The 10 housemates are 
the housefly, the gnat, the flea, the bed­
bug, the louse, the clothes moth, the 
cockroach, the silverfish, the spider and 
the tick. They are, with the possible ex­
ception of the spider, detested and de­
spised; we know their names and we 
exterminate them on sight if we can; and 
that is about the range of our knowledge 
and our feeling for them. Yet each is 
wonderful in its way, and it is Frisch's 
purpose to tell us something about their 
structure, function and habits . It must 
not be supposed, however, that in pro­
viding this information he seeks to make 
nonresisters of us-to persuade us, say, 
to be soft on bedbugs and cockroaches. 
On the contrary, in each case he gives 
specific instructions on the latest and 
best methods to get rid of the pests . Sam­
ples from Frisch: There are 40,000 dif­
ferent species of fly; more flies are killed 
by fungus threads which attack them 
(fly mold ) than by cold or insecticides . 
Gnat bites itch because when the gnat 
settles to have a meal off us it deposits 
through its proboscis a tiny drop of irri­
tant liquid, a dripping from its salivary 
glands, which literally make the gnat's 
mouth water in anticipation of delights 
to come. Fleas, like crickets , have sound­
making organs, but the music can be 
heard only by other fleas . Bedbugs have 
on their undersides two tiny sacs which 
are filled with bacteria that live in sym­
biosis with the bugs ; the bacteria have 
a cozy home, in return for which they 
supply certain of the bedbug's nutrition­
al requirements by producing vitamins 
necessary for its healthy growth. A "well 
known" zoologist has reported that in 
1915 he removed 3,800 living lice from 
the shirt of a Russian prisoner of war. 
Moths don't eat cotton because they lack 
the enzymes that are necessary to digest 
the lignin of vegetable products.  Cock­
roaches have been around this distracted 
globe, little changed, for about 300 mil­
lion years . They have hard chitinous 
teeth in their stomachs with which they 
rechew their food. Since nobody likes 
cockroaches, they are in each area 
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ELEM ENTARY 

PA RTICLES " 

� A Short History of D iscoveries J 
in Atomi c Physics 

By Chen Ning Yang 
Co-winner with Dr. Tsung Dao Lee 
or  the Nobel Prize for Physics, 1957  

I n  this new book, D l' .  Yang re­
v i e w s  o u l' k n o w l e d g e  of e l e ­
mentary particles - emphas iz­
i n g  those d i scoveries that have 
b r o u g h t  n e w  i n s i g h t s ,  a n d  
t h o s e  i n t e r a c. t i o n s  o f  t h e o r y  
and experiment t h a t  i n  unex­
pected ways have extended h u - , _  
man knowledge.  $2.75 

GUIDE TO TABLES F 
I N  MA THEMA TICAL 

STATISTICS 

By J.  Arthur Greenwood 
and H.  O. Hartley ? 

T h i s  first book exclusively de-
;: 

voted to tables of mathematical  . 
statistics catalogues an enOl'- Y. 
mous selection of s u c h  tables .. ! 
o l' i ginally p u blished between . 1900 and 1960 b u t  heretofore .i 

, available in scattered sources :; 
only. It fills an important need 't 
for those engaged in the com- � 
pu tational s i d e  of mathemati- , 
cal statistics ,  for the profes- . 
s i onal computer faced with a .� 
statistical problem, and for the i. 
statistic ian called upon to com- i 
pute.  $8.50 i 

HIGH SPEED 

PROBLEMS OF 

AIRCRAFT AND 

EXPERIMENT AL 

METHODS 

Edited by A.  F.  Don ovan , 
H. R. Lawrence, 

F. Goddard, 
and R. R. Gilruth 

T o p i c s  incl u d e  methods of per­
formance calculation at high . :  
speed ; stab i l i ty and control a t  ;. 
h i gh speed ; aeroelasticity and ! 
f l u t t e r ; p r i n c i p l e s  o f  m o d e l : 
testing ; wind tunnel meas u re- '; 
ments ; free fl i ght range meth- �; 
ods. Volume VIII in til e High � 
Speed A erodynam ics and J et i. 
P1'opulsion Se1'ies .  962 pages. $22.50 j 
S e n d  for complete c i rcular l i s t i n g  � 
the other titles n o w  available in this : 
essential series a n d  giving full i n - : 
formation on the n e w  P'rincetol l  � 

, Ae"onautical Pape,·backs. !. 
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A comprehensive 
survey of 

"irll']� 1f��)l:1 ©W' 
� l][n�  ��ww OO©©�� 

by 
J. T UZO W I L S ON 
A distinguished scientist reports 
on the greatest co-operative ef­
fort in the history of science :  
t h e  International Geophysical  
Year. This absorbing book inter­
weaves Professor Wilson's own 
a d v e n t u r e s  w h i l e  t r a v e l i n g  
1 00,000 miles for IGY with a 
full account of what it has re­
vealed about the world we live 
in. 5S pbotograpbs and 46 line 
illustrations. 
Fore\\'ord by LLOYD V BERKKER 

$5·95 at better boo kstores 
ALFRED · A ·  KNOPF 

Publislze1' of � B01'ozi Books 

You' re NOT wel l  informed 
about our MOST BAS IC  AND 
IND ISPENSA BLE RESOU RCE  

u n l e s s  yo u R E A  D 

N EW WAT E R  
F O R  A T H I R STY W O R L D  

b y  Michael H.  5al:::1IIan 
FOREWORD by Aldous H uxley 

"FASC INATING" "VALUABLE" "D IFFERENT" 
The ideas aloe a chal lenge to man ' s  thinking • a 
breakthrough • a mi lestone to the solution of  
water  problems • highly recommended 

Science Materials Review Comm. 
N at'l Science Teachers Assoc. 

Pain staking- research went into this thought pro­
v o k l 1 1 g- and convincing treatise • a remarkable 
cross-know ledge of  the earth sciences • readable 
and an excellent reference 

American Journal of  Public H ealth 

A gTeat deal of interesting and valuable material  
R .  D .  Hemens,  Editor Phys.  Sciences 
U n i vcrsity of Chicago Press 

Canies a vital  message for the present and future 
we!f:Hc o f  the U n ited States 

Engineering & M i n ing Journal 

Should be required 1·eading for both the amateur 
and professional hydrologist 

Forests and People 

An extraordinary book by a thorough-going scientist 
Dai ly  O k lahoman-Oklahoma City Times 

It i s  a l l  provocative • oUE��i ��ia��i Sci���l�e �i���l
i
t�� 

O R D E R  D I R ECTlY F R O M :  

Postfree: 
C l o th-$S.9S 
Paper-$2.BS 
SCIENCE FOU N DATION PRESS 

Los Angeles 3, Cal iforn ia 

named-as was the case with syphilis­
after the hated neighbor alleged to be 
responsible for their appearance ; for ex­
ample, in western Gennany they are 
called "Frenchmen," in eastern Germany 
"Russians," in Russia "Prussians." Ticks 
have no eyes ; they have a sense of smell, 
the organs being located in small hollows 
near the "toes" of the first pair of legs . 
This explains why a tick sits with its 
forelegs raised, atop a blade of grass , 
waving its legs slowly about in the air. 
In the chapter on spiders Frisch gives a 
superb step-by-step description of the 
engineering involved in spinning a web. 
It is astonishing how little the inborn skill 
of these animals is bound to a rigid sys­
tem, how greatly their action differs in 
detail according to local conditions and 
according to "the weaver's character ."  
This chapter alone makes the book worth 
reading. Good drawings. A fine book for 
anyone 12 or over. 

�!(AN AND POWEH ,  by L. Sprague 
De Camp. Golden Press, Inc. 

( $4 .95 ) .  Man gets his living by scratch­
ing things from the surface of the earth 
and moving them around .  Both activi­
ties require energy. Until comparatively 
recently this energy came from his own 
muscles or from those of domesticated 
animals. But in the past 200 years or so 
he has learned to harness other forms of 
power, devising ingenious, increasingly 
larger and more elaborate machinery for 
the purpose. This book is an illustrated 
survey of the evolution of these devices. 
Beginning with the crude machines 
that were used long before the Indus­
trial Revolution, the story moves through 
the ages up to the present time, covering 
power derived from such · sources as 
wind, water, steam, internal combustion, 
chemical reactions, electricity, nuclear 
processes . The text is sensible ; the illus­
trations are abundant, colorful and in­
formative . Agreeable and instructive 
reading for teen-agers and adults. 

THE DOUBLEDAY PICTOHlAL LIBHAHY 
OF NATUHE : EAHTH, PLANTS, ANI­

MALS, edited by James Fisher, Sir Julian 
Huxley, Sir Gerald Barry and J. Bro­
nowski. Doubleday & Company, Inc. 
( $9 .95 ) . This is the second volume in an 
attractive series, the first having dealt 
with chemistry, physics and astronomy. 
Various specialists have written sections 
on the structure of the earth, how living 
things work, the mechanism of heredity, 
the past ages of life, evolution, animal 
behavior, the geography of life, the web 
of life, man's place in nature, man as a 
social animal. The material is clearly pre­
sented and easy to read. A remarkable 

OXFORD BOOKS 
OF EXCEPTI ONAL I NTEREST 

ELECTROMAGN ETIC 
STRUCTURE OF 
N UCLEONS 
By SIDNEY D. DRELL and FRED­

ERIK ZACHARIASEN. A critical 

review and analysis of  recent studies 

of the electromagnetic structure of 

n ucleons. The book defines electro· 

magnetic form factors, and dis­

cusses the different types of  experi­

ments which have given information 

o n  these form factors, the recent 

dispersion theoretic analyses of the 

form factors, and the validity of 

quantum electrodynamics. 34 text 

figures. (Oxford Library oj Physi­

cal Sciences ) $2.00 

RIPPLE TANK STU D I ES 
OF WAVE MOTION 
By W. LLOWARCH. In t h i s  volume 

Mr. L10warch describes im prove­

ments he has made in ripple tank 

technique ; deals with all  aspects of  

the properties of  wave mot ion which 

are likely to be encountered in un· 

dergrdduate courses ; and discusses 

the basic properties of  waves in gen­

eral and their use in interpreting 

the wave-like behavior of  sound, 

light,  and other forms of  radiation. 

55 text figures. S2.40 

ANATOMY OF T H E  
MONOCOTYLEDONS 
Volume 1 / ;  Po/moe 
By P.  B .  TOMLINSON. The second 

volume i n  this valuable series deals, 

in  Part 1 ,  with the morphology and 

anatomy of palms. Part II  contains 

detailed descriptions,  based mostly 

on unpublished data,  of  the anatomy 

o f  the major tribes of palms and of  

most genera. 9 plates ; text figures. 

$10.10 

N ITRIC ACID 
M a n ufacture a n d  Uses 
By FRANK DOUGLAS MILES. 

This concise account of  the manu­

facturing processes, properties, and 

uses  of  ni tr ic  acid u n der modern in­
dustrial conditions is designed to 

bridge the gap between chemistry 

learned at school and chemistry as 

applied in  modern industry. 19  line 

drawings ; 8 hal j-tones. $1 .55 

At 01/ bookstores 

OXFO R D  U N IV E R S I T Y  P R ESS 

4 1 7  Fifth  Ave. ,  N ew York 1 6  
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tnicro, macro, astro 
photography 

Nikon F 
the automatic 
,35mm reflex 

Even beyond its  role as an art form, 
a news-gathering medium, a personal 
record of people and places, photog­
raphy is a tool - an invaluable aid to 
science, to industry, to education, and 
to c o u n t l e s s  o th e r  e n d e a vors  which 
make up the fabric of our modern 
sOciety and technology. And it is in this 
r e a l m  e s p e c i a l l y  that  t h e  N i k o n  F 
reveals its fullest capabilities. 

The Nikon F user can draw upon more 
than twenty interchangeable lenses  
with which to meet any picture prob­
lem. And he commands accessory aids 
for every conceivable close-up and 
copy requirement-photo micrography, 
m a c r o  photography and telescopic 
photography as well. The picture capa­
bilities of the Nikon F literally extend 
from the infinitesimal to the infinite. 

An accessory, battery-operated motor 
drive offers completely automatic oper­
ation-in-hand or remote, wired or by 
radio control. Any impulse can be used 
to fire the motor-equipped Nikon F, and 
any phenomenon can be used to orig­
i n a t e  the  i m p u l s e .  R a p i d  s e q u e n c e ,  
time-lapse a n d  motion photography, 
automatic surveillance and data docu­
mentation - are obvious applications. 

If you have a photographic problem 
you consider 'especially challenging, let 
us show you how capably it can be 
handled with the Nikon F. For further 
details, write to Dept. SA-12. 
� N I KON INC. ,  1 1 1  F I FTH AVE., N .  Y. 3 
makers of prec is ion optical equ ipment  for industry 
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amount of information is compressed 
into this single volume, yet there is no 
sense of haste or superficiality. Open the 
book at any page and there are well­
captioned illustrations that arrest the eye 
and invite further study. The pictures­
of which there are hundreds, some in col­
or, some photographs, some diagrams­
are not conspicuously well executed, but 
they perform the right service at the 
right time. Altogether, a much better 
than average introduction to the study 
of nature, suitable for teen-agel's as well 
as adults . 

WHAT Is RELATIVITY? by L. D. Lan­
dau and C. B.  Rumer. Basic Books, 

Inc. ( $ 1 .95 ) . This popularization by two 
leading Soviet physicists has merit. 
A B C  relativity is a subject on which 
many lances have been tried and almost 
as many broken. The ingenious analogies 
never quite reach; the trains and clocks 
and rods and lanterns, harmless and 
familiar things with which the reader is 
quite comfortable at first, begin as soon 
as the plot thickens to behave preposter­
ously, like props in a haunted house. 
Then, to make matters worse, mathemat­
ical equations and formulas appear, 
which are usually simple but, alas, not 
simple enough for the many intelligent 
people who are able to function splen­
didly in the intricate engagements of life 
but collapse when confronted by frac­
tions and indices,  which they had hoped 
never to see again after the school trau­
mas of elementary algebra. C. V.  Durrell 
wrote a first-rate primer, Readable Rela­
tivity, noted in these columns before, but 
it required working through and is not 
for those who blanch at a square-root 
sign. There are few other inh'oductions 
that even half-fulfill their purpose. Lan­
dau and Rumer come closer than most. 
They have no really new ideas ; all the 
old paraphernalia is used. Still, they 
strive for and achieve a most commend­
able plainness. Simple words, no jargon, 
no slurring over subtleties, no cheating;  
one or two square roots, no fractions. Ev­
erything is here that is needed, even to 
understand the flummery about those 
space travelers who daintily nibble at 
time while we stay-at-homes lose our 
quenchless feud with it at a headlong 
rate . It is worth mentioning that the pub­
lisher describes this little book as suitable 
for readers of 14 and older. Very proper. 
For the fact is if you can't grasp the 
fundamentals at 14, the chances are you 
never will. The brain gets no better as 
one gets older, especially in casting off 
the prejudices and preconceptions which 
are the main obstacles to understanding 
relativity. 
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How many never think • • . Taylor 
An atmosphere of creativity is as much a part of 

the facilities of Guided Missiles Range Division as 
the funds and equipment necessary to carry out the 
programs assigned. 

Now with emphas.is on new explorations, the 
need is for technically respected people with 
leadership ability. 

New career positions are available on the 
technical staffs of the Planning, Engineering and 
Operations Departments. Requirements are for 
physicists, engineers and mathematicians with B.S., 
M.S., and Ph.D. degrees. 

A career with GMRD may well provide the 

career opportunity for you. Address your inquiry 

in confidence to: Professional Employment Man­

ager, Guided Missiles Range Division, PAl\' 

AMERICAN WORLD AIR WAYS, Il\'C., 

Dept. R -42, P. O. Box 4336, MU 113, Patrick 

Air Force Base, Florida. Inquiries will receive 

prompt replies and all qualified applicants will be 

considered for employment without regard to race, 

creed, color or national origin. 

�� ,Fa 
t;:!>',.,; 

GUIDED MISSILES RANGE DIVISION 

-

PATRICK AIR FORCE BASE, FLORIDA 
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builds a; November, page 173. 

Quartz crystal clock, An amateur's im­
proved design fOl· a homemade; June, 
page 18I. 

Resistance, negative, Some diverting 
devices that apply the concept of; 
August, page 143. 

Spectra of the aurora, An amateur 
makes, and photographs the sun's 
"green flash"; January, page 177. 

BOOKS 

Arms and Insecurity, by Lewis F. Rich­
ardson. Reviewed by O. G. Sutton; 
January, page 193. 

Arms Control, Fan issue of Daedalus. 
Reviewed by James R. Newman; 
March, page 197. 

Ben, R. C. Board and Table Games 
from Many Civilizations. Reviewed 
by James R. Newman; August, page 
155. 

Board and Table Games fmm Many 
Civilizations, by R. C. BelL Reviewed 
by James R. Newman; August, page 
155. 

Bunge, Mario. Causality: The Place 
of the Causal Principle in Modern 
Science. Reviewed by Sidney Mor­
genbesser; February, page 175. 

Causality: The Place of the Causal 
Principle in Modern Science, by 
Mario Bunge. Reviewed by Sid­
ney Morgenbesser; February, page 
175. 

City in History, The, by Lewis Mum­
ford. Reviewed by Henry S. Church­
ill; July, page 175. 

Daily Life in Florence in the Time of 
the Medici, by J. Lucas-Dubl·eton. 
Reviewed by James R. Newman; 
October, page 187. 

Dijksterhuis, E. J. The Mechanization 
of the World Picture. Reviewed by 
A. Rupert Hall; December, page 177. 

Dl·eams of Reason, The: Science and 
Utopias, by Rene Dubos. Reviewed 
by Ernest Nagel; November, page 
189. 

Dubos, Rene. The Dreams of Reason: 
Science and Utopias. Reviewed by 
Ernest Nagel; November, page 189. 

Hartley, Sir Harold. The Royal So­
ciety: Its Origins and Founders. Re­
viewed by Charles E. Raven; May, 
page 19I. 

Kahn, Herman. On Thermonuclear 
War. Reviewed by James R. New­
man; March, page 197. 

Kimble, George H. T. Tropical Africa. 
Reviewed by F. Fraser Darling; Sep­
tember, page 279. 

Lucas-Dubl·eton, J. Daily Life in 
Florence in the Time of the Medici. 
Reviewed by James R. Newman; 
October, page 187. 

Mechanization of the World Picture, 
The, by E. J. Dijkstel·huis. Reviewed 
by A. Rupert Hall; December, page 
177. 

Mumford, Lewis. The City in HistOl·Y. 
Reviewed by Henry S. Churchill; 
July, page 175. 

Nagel, Ernest. The Structure of Sci­
ence. Reviewed by A. J. Ayer; June, 
page 197. 

Richardson, Lewis F. Arms and Inse­
curity; Statistics of Deadly Quarrels. 
Reviewed by O. G. Sutton; January, 
page 193. 

Royal Society, The: Its Origins and 
Founders, edited by Sir Harold Hal·t­
ley. Reviewed by Charles E. Raven; 
May, page 19I. 

Science and Government, by Sir 
Charles Snow. Reviewed by P. M. S. 
Blackett; April, page 19I. 

Snow, Sir Charles. Science and Gov­
ernment. Reviewed by P. M. S. 
Blackett; April, page 19I. 

Statistics of Deadly Quarrels, by Lewis 
F. Richardson. Reviewed by O. G. 
Sutton; January, page 193. 

Structure of Science, The, by Ernest 
NageL Reviewed by A. J. Ayer; June, 
page 197. 

Thermonuclear War, On, by Herman 
Kahn. Reviewed by James R. New­
man; March, page 197. 

Tropical Africa, by George H. T. Kim­
ble. Reviewed by F. Fraser Darling; 
September, page 279. 
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110M DIV.RSlrr (OM.S 1I" .rr 
Diverse disciplines, approaches, and 
methods, interacting in an atmosphere of 
freedom, expand scientific knowledge. 

Qualified applicants are invited to send resumes to: Director of Personnel, Division 61-110 

los alamos 
Of THE��!��HH�lIf!��oratory 

\ 
LOS ALAMOS, NEW MEXICO 

All qualified applicants will reuiv. consideration for employment without 
regard to roct, u •• d, (alar, or notional origin. U.S. (ilinnship required. 
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UNRETOUCHED PHOTOGRAPHS, SINGLE AND MULTIPLE EXPOSURES FROM EKTACOLOR TYPE S WITH ELECTRONIC FLASH tAPPROX. l/SOOTH) AT f/ll 

FOR EXTENDED STUDIES OF LIQUID BEHAVIOR IN ZERO-GRAVITY ENVIRONMENT ... 

Joint research in support of the Centaur Project by General DynamicslAstronautics, National Aeronautics and Space 

Administration, and the U.s. Air Force has resulted in an insight of major importance. «?> A lucite model of the Centaur 

fuel tank is used to simulate the effects of zero·gravity on propellants. The fluids filling the tank cavity - colored water, 

representing the gaseous hydrogen, and clear oil, representing liquid hydrogen - do not mix. Both are of equal density, 

and the natural surface of the water forms an interface of constant equal tension between them, which is almost 

like a membrane. Thus, the fluids behave as if they were in a zero-gravity state. They are shown above after 

various degrees of agitation and rotation. These tests duplicate fuel patterns seen earlier in Centaur models subjected 

to zero·gravity during elaborate drop tower and aircraft tests. «?> This new "liquid-liquid" adaptation of an old 

principle is now permitting extended, low-cost study of one of the demanding problems of space flight ... in the 

laboratories of General Dynamics IAstronautics, San Diego, California. Scientific excellence ... with a sense 0/ mission. 

GENERAL DVNAMICS Gllnll� I D 
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