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in the sea of corn 

A NY BUCCANEER who ever sailed under the Jolly 
ft Roger would be happy with a tiny cut of the 
plunder corn borers take from cornfields every 
year. But now, with Shell Chemical's insecticide 
endrin, the sailing is rough for insect freebooters. 

Corn borers burrow into cornstalks, eating them 
hollow while hidden from view and protected from 
attack. Stalks sag and bend, ears are small and 
poorly formed because nourishment is cut off. 

Now endrin kills hungry corn borers before they 
have a chance to do their disappearing act. The 
result: cornstalks perk up their ears ... fanners 
build up their profits. 

The development of more powerful insecticides 
to fight caterpillars like com borer, 
sugar cane borer and armyworm is 
still another way Shell Chemical 
helps guard an abundant land. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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THE f?O [f]�u ALL TRANSISTORIZED ANALOG COMPUTER 
-basic mode/less than $4000 

PACE TR-10 Eliminates Drudgery- Gives New Insight Into Engineering Problems 

This compact unit, 15" x 16" by 24" high, is powered by 115 
volts AC and can provide day-in day-out instant solution of 
your most vexing engineering problems. Even if you have 
never seen a computer before, you can learn to operate the 
TR-I0 as easily as you learned to use a slide rule. 

Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of 
the effect of each change. You can study the inter-related 
effects of heat, pressure, flow, vibration, torque or any vari
able, and visually compare one with the other. Engineering 
data comes alive - insight into how new designs will work 
is obtained easier, faster. 

Because of its minimum size and low price, the TR-I0 can 
become your own personal analog computer. You gain first
hand experience with the power of analog techniques, and 
convert more of your time to creative engineering. New 
ideas that were too costly to try before are now practical. 

You can design virtually to perfection and have a permanent, 
visual record of performance before building pilot models or 

prototypes. As a result, "cut and try" expense is reduced. 

The same quality workmanship and design that has made 
Electronic Associates the world's leading producer of pre
cision general purpose analog computers will be found in 
this new unit. Accuracy to ±.1 per cent. Modular construc
tion allows you to select varying quantities of the following 
computing functions: summation, integration, multiplication 
or division, function generation, parameter adjustment, 
logical comparison. 

For .complete engineering data, write for Bulletin TR-10 

ER I ELECTRONIC ASSOCIATES, INC. 
L01lg Brallch, New je,·sey 
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Sir Michael Foster ... on the heritage of SCIence 

"For indeed it is one of the lessons of the history of 
science that each age steps on the shoulders of the 
ages which have gone before. The value of each 
age is not its own. but is in part. in large part. a 

debt to its forerunners. And this age of ours if. like 

its predecessors. it can boast of som.ething of which 

it is proud . would. could it read the future. doubt
less find also much of which it would be ashamed." 

_History of Physiology. 1901 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonpro!it organization engaged in research on problems related to national security and the public interest 
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Janitrol Reports 
on aircraft and missile components 

Too thick and too heavy 

You'd hardly consider the foil that 
wraps smoking tobacco a structural ma
terial. It is perhaps only .010" thick. 
Yet sheet metal of this thinness is still 
not light enough to meet some of the 
almost incredible de mands for light
weight heat exchangers. Combinations 
of plate, extended surface, and tubular 
structures are built of paper-thin stain
less or aluminum, and still meet tough 

design and reliability requirements. Im
proved efficiency, ease of manifolding, 
ability to crowd more performance into 
small odd-shaped spaces-these are some 
of the objective s which Janitrol is 
uniquely qualilled to tackle. 

Bracelets for bleed air lines 

The Janitrol couplings which tie to
gether the vital lines for high pressure 
air in aircraft and missiles are far from 
decorative. Yet they must possess jewel
like perfection. 

They must stay tight under pressures 
up to 600 psi, temperatures up to 750°F. 

In addition to withstanding heavy vibra
tion and bending loads, they must pennit 
disconnects and pressure-tight reassem
bly repeatedly, reliably. 

In Janitrol Dubl-lock couplings, an 
extra measure of safety is included: a 
tang lock will hold even if the bolt should 
fail under overloads or over torquing. 
You can get Janitrol standard or Dubl
lock couplings in stainless steel or titan-

ium, in sizes up to T diameter, and spe
cials up to 36" diameter. 

JanitroI's unique experience in weld
ing and fabricating high temperature 
alloys to extremely tight physical and 
dimensional specifications has contrib
uted much to the reliability of pneumatic 
systems in aircraft. 

Minus nothing-Plus very little 

The tolerances specilled in Janitrol 
pneumatic control valves and regulators 
are so tight as to call for considerable 
artistry in their manufacture. To provide 
high reliability, the valve must not de
liver less than specified performance; yet 
the designer must observe all weight re
strictions and safety factors. And because 
air is such a versatile servant in advanced 
aircraft - for canopy seal, fuel transfer, 
blowers, coolers, actuators, and what 
have you-Janitrol valves and regulators 
are finding new and exciting applica
tions every day. 

If you need help in the design of a 
valve, duct support, or coupling - 01' the 
development of a subsystem involVing 
air handling, yo'U'1l find Janitrol people 
talk yo til' language. 

We invite you to write for a "Janitrol 
Resources" brochure giving a clear pic
ture of our capabilities. J anitrol Aircraft 
Division, Surface Combustion Corpora
tion, 4200 Surface Road, Columbus 4, 
Ohio, BRoadway 6-3561. 

pneu111atic controls . duct couplings and supports . heat exchangers 
c0111bustion equip111ent for aircraft, 111iss11es, ground support 
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THE COVER 

The photograph on the cover shows 
a fragment of an ancient mechanism 
that has recently been identified as 
a device for calculating, alllong 
ot�er astronomical phenomena, the 
motions of the stars and planets (see 
page 60). Dated from the first cen
tury B. C., the mechanism was dis
covered in 1901 by sponge divers 
exploring a shipwreck close to the 
small Greek island of Antikythera. 
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STEPS I N THE RACE TO OUTER SPACE 

Spreading its wings to absorb the eternal 

flow of solarenergyistheCosmic Butterfly, 

a space vehicle of a type first conceived by 

Dr. Ernst Stuhlinger of Redstone Arsenal. 

Each of the fifty·foot parabolic mirrors 

in the wings concentrates the Sun's rays 

on a boiler at its focal point. Steam is 

developed, which drives a 200·kw turbo· 

generator in the base. Cooled by frigid 

outer space in heat diffusers, the steam 

reverts to water and is pumped back to 

the boiler to be used over and over again. 

The current thus generated drives the 

main propulsion unit, an ion rocket in 

which powerful electric fields accelerate 

charged particles, shooting them from 

the rear of the rocket exactly as the elec-

Cosmic Butterfly 
tron gun in your TV set bombards the 

screen. Sunlight, then, is the power 

source, whereas cesium is the propellant. 

While the recoil thrust is relatively small, 

the weightless vehicle is operating in a 

vacuum and the push is enough to enable_ 

the Butterfly to reach interplanetary 

speeds. Unlike conventional rockets, the 

Butterfly is under power the entire trip. 

Half way to its destination it turns around, 

and the ion thrust is used to slow the 

craft down to arrival speeds. 

Since its thrust is entirely inadequate 

to cope with the gravity of major planets, 

the Cosmic Butterfly never lands. It is 

assembled in space and shuttles between 
artificial satellites. 

The Cosmic Butterfly could carry ten 
passengers and 50 tons of cargo from 
an Earth satellite to a comparable one 
orbiting around Mars in about one year 
of continuous travel. 

Inertial navigation systems will play 
an increasing role in the exploration of 
outer space. ARM"A is actively sup· 
porting the Air Force's program in long 
range missiles and is in the vanguard of 
the race to outer space. ARM"A ... 
Garden City, New York. A Division of 
American Bosch Arma Corporation. 

AIWERleAN BOSeH ARIWA eORPORATION 
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Space age research gets a new headquarters 

One of the largest and best-equipped research facilities in the nation is the 

new 16-million-dollar Avco Research Center atWilmington, Massachusetts. 

Here, research and development in space age technology is already being 

conducted in areas ranging from missile re·entry to satellite design. From 

work such as this-and equally important work at the nearbiAvco Research 

Laboratory-will come further contributions to national security and the 

conquest of space! 

Avc:o 
AVCO MAKES THINGS BETTER FOR AMERICA I AVCO CORPORATION I 750 THIRD AVENUE, NEW YORK 17.N.Y. 
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Products made with asbestos fibre have elldured brief exposures to extremely high temperatures. 

The heat resistance of J-M Asbestos Fibre can put 

your product in the high-temperature zone 

THE HIGH HEAT RESISTANCE of asbestos 
fibre combined with its many other unique 
properties make it a mineral filler of wide 
and diverse applications-many yet to be 
discovered. A standard ingredient in 
many high-temperature applications, as
bestos fibre is sure to play an importaa 
role in missile and aircraft developments 
and other areas where temperatures are 
higher than ever before encountered. 

Other important properties of asbestos 
fibre include its high tensile strength
greater than ingot or wrought iron; its 
extreme fineness-J 500 asbestos fibres are 
finer than one human hair; its tremendous 

8 

surface area-50 times greater than nylon; 
its high pH of I�; its high bulking ac
tion; its feltability; its reactivity with 
phosphates, soaps and mineral acids and 
its resistance to grinding. 

Asbestos fibre is familiar as an ingre
dient in textiles, building materials, in
sulations, pipe, brake linings, friction 
materials and packings 

'
and gaskets. Other 

successful applications include plastics 
paints, auto underbody coatings, adhe-

sives, cements, putties and calking com
pounds. Chances are it can do a job in 
your product, too. To f ind out write 
Asbestos Fibre Division, Canadian lohns
Manville, Box 1500, Asbestos, P.Q. Can. 

Approximate (hemicol Analysis of Asbestos 

Si02 • • • • •  38·42 
MgO • • . • •  40·42 
H20 . . • . •  12·1S 
FeO . . . • .  Tr.t. 

h203 . . . . .  Tr·6 
AI203 . . . . .  Tr-3 
C.O • • • • • •  0·.3 

JOHNS.MANVILLE !J� 
PRoODUCT$ 
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New floating "Pooltex"® mesh pool cover woven of 
Reevon yarn made from Marlex resin and ultra
violet stabilized by Reeves Bros., Inc., N. Y.c., is so 
light one person can carry it-so tough three people 
can stand on it! This new cover keeps pools clean .. . 
lets rain pass through, but keeps out leaves, insects, 
etc. - helps protect pool owner from danger of 
children falling in! 

Get in the swim-with water sports products made of 
MARLEX* . . .  the tough, rot-proof, floating plastic! 
Cash in on profitable water sports markets with new 
idea products made of MARLEX, the linear polyethylene 
that is so strong and tough it can be used for tugboat 
hawsers, yet so light it actually floats. 

water or show the least sign of corrosion or discoloration. 
And they won't crack or break at temperatures from 
-180° to +250° F! 

You can soak products molded from MARLEX in salt 
water for long periods, and they won't absorb a drop of 

In fact, no other type of material can serve so well and so 
economically in so many different applications. How can 
MARLEX serve you? 

*MARLEX is a trademark for Phillips family of olefin polymers. 

Sinko Mfg. & Tool Co., Chicago, III., offers 
this new "Sea Guard" battery case that is 
impervious to acids, salt air and water. 
This new unbreakable case made of 
MARLEX withstands both high and low tem
peratures . .. holds all standard 6 and 
12·volt marine batteries. 

Fishing tackle boxes injection-molded from 
MARLEX by Plano Molding Co., Plano, III., 
are lightweight, rugged and corrosion
proof. These unbreakable tackle boxes 
will not crack or dent, and are completely 
weather-proof. Their attractive finish is 
durable and scratch-resistant. 

PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 
A subsidiary of Phillips Petroleum Company 

NEW ENGLAND 
322 Waterman Avenue 
East Providence 14, R.I. 
GEneva 4·7600 

NEW YORK 
80 8raadway, Suite 4300 
New York 5, N. Y. 
Digby 4·3480 

PLASTICS SALES OFFICES 

AKRON 
318 Water Street 
Akron 8, Ohio 
fRanklin 6·4126 

CHICAGO 
111 S. York Street 
Elmhurst,IU. 
TErrace 4·6600 

WESTERN 
317 N. Lake Ave. 
Pasadena, (olif. 
RYan 1-6997 

SOUTHERN 
6010 Sherry Lane 
Dallas, T exos 
EMerson 8-1358 

Many leading manufacturers offer rope 
made of MARLEX to the marine market for 
ski tow ropes, hawsers, shrouds, life lines, 
heaving lines and general usage. Unbreak
able, unsinkable rot-proof handles for ski 
tow ropes are molded from MARLEX by 
lock-Hauer Co., Portland, Ore. 

EXPORT 
80 Broadway, Suite 4300, 
New York 5, N. Y. 
Digby 4·3480 

MARLEX�' 

o 
© 1959 SCIENTIFIC AMERICAN, INC



L- Fl i -.... 1 I�-'" 

A NEW NAME IN WORLD-WIDE SYSTEMS PROJECTS 

To broaden and extend its systems projects 
services in keeping with the space age ... Collins Radio 

Company has created Alpha Corporation ... a 
wholly-owned subsidiary to be staffed 

initially with Collins specialists and executives. 

For a number of years, Collins has been engaged 
in a concentrated program of design, engineering and 

installation of complex communication systems for both 
military and commercial uses. This program 

has resulted in the development of technical skills, 
management techniques and know-how representing a 

significant addition to the company's primary 
activity of developing and manufacturing 

individual units of electronic equipment. Alpha has 

been formed to expand upon Collins activities in this field. 

Alpha, with its highly specialized systems management 

organization of designers, engineers, scientists and 

constructors, will produce complete, packaged commercial 

and government installations in this country and 

abroad ... using the best available equipment from 

industry to deliver to its clients turn-key installations 

meeting the highest standards of dependability 

and quality ... ready for operation. 

Alpha will provide "on-the-job training" for customer 

engineers and technicians assigned to the 

installations ... or furnish complete crews 

of skilled specialists to staff the finished projects. 

CORPORATION 

DESIGNERS, ENGINEERS , CONSTRUCTORS , WORLD·WIDE • RICHARDSON, TEXAS . TELEPHONE DALLAS AD a m s  5-2323 • CABLE ADDRESS: AlPHA DALLAS 

Alpha capabilities include technical systems management in all fields, with special emphasis on: • Space vehicle tracking and communication 

Test range instrumentation and communications • VOice, teletype and data transmission • Aircraft modification and overhaul 

Integrated ship borne, airborne, and ground communications • High capability remote control and switching 
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SPECIFICATION: AERONCA BRAZED HONEYCOMB STRUCTURES 

DESTINATION: MACH 31 
To meet the critical demands of Mach 3 performance, new con

cepts in air vehicle structures have been evolved. Stainless steel 

honeycomb sandwiches, for example, are specified as major struc

tural components in current weapons systems designed to operate 

in high mach environments. 

Aeronca, a pion�er in the application of stainless honeycomb to air 

weapons, has developeQ advanced production methods and facilities 

under a proprietary research and development program. As a result, 

Aeronca is one of the few companies actually producing these high

temperature structures in quantity. 

Aeronca is proud that its capabilities have been selected to support 
the North American B-70 and F-l08 Weapons Systems. 

manufacturing corporation 

8497-AC 

Expansion of our operations has created openings for additional senior engineers. Write to L. C. Wolfe. Chief Engineer. 

II 
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wherever 
there's 

electronics ... 

there's Transitron 
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... NEWS IS HAPPENING AT NORTHROP � 
l·' �,� . 

Demonstrating the platform OfLINS"-· ... n� 
Inertial Navigation System -j§jpr. Willi 
Vice President anf! General Manage: of 

tweight 
allhaus, 

ortronics. 

NORTRONICS REVEALS LINS ... 
COMPLETE PRECISION INERTIAL NAVIGATION SYSTEM! 
A recent demonstration at Nortronics' Guid
ance Symposium revealed the most advanced 
precision inertial guidance system ever as
sembled. LINs-Lightweight Inertial Naviga
tion System - includes platform, platform 
electronics, environmental control and com
puter.Total system weight: slightly in excess 
of 100 pounds. Equipment volume: less 
than three cubic feet. 

. Actual working hardware, LINS is a complete, 
precision system for automatic navigation 
applications to advanced aircraft, drones, 

missiles, and space vehicles. It is ready now 
-the latest result of N ortronics' more than 
twelve years of creative research and pro
duction in the field of automatic guidance 
and navigation systems. 

If you have the need to know more-contact 
Nortronics today, regarding LINS for your 
own system requirement. Nortronics' experi
ence offers .unique and proven capabilities 

NORTRON ICS in tailoring the design, development and 
production of complete and integrated guid- HAWTHORNE, CALIFORNIA 
ance systems to your requirements. A Division of Northrop Corporation 
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OVER 10,000 IN 
DAILY USE • • •  

JOB-RATED 
EXCELLENT* 

FOR 

14 

ACID DETERMINATIONS 
. 0 test for "* "We �se I� t 

sulfuric 
nitric actd .10 sulfu ric 

. on to 
a ci.d, �NT and TNT 
aCI d, . waste wa
complexes In 

nce is ex
ter. perf�r:�ru ment is 
cellent. 

imple to OP
easy and

d 
s 

ives d epend
erate an g .. 

ble results. a 
Leadi"g Rllbber 

Manllfactllrer 
_name on reqll,est. 

o 

This low-cost "production tool" gives you 
quick, dependable photometric readings • • •  

easy as tuning your radio! In many industries 
it's basic equipment for quality control test-
ing, inspection _ _ _  even research! Here's why: 

• DEPENDABLE ACCURACY! Narrow band 
pass (only 20ml-'!) assures highest 
spectral purity_ 

• FASTEST READINGS! Instant-acting meter 
gives exact percent transmission, or 
optical density. 

• EASIEST TD USE! Dial instantly sets Cer
tified-Precision diffraction grating to 
desired wavelength; no color filters 
to fuss with. 

• LOW PRICE, DOUBLE VALUE! Colorimeter 
plus spectrophotometer, 375 ml-'-
950ml-' range in one long-life, trouble
free instrument. (Extended range, 
340ml-'-950ml-' at slight extra cost.) 

Used in these and many other 

industries to maintain quality 

and boost output: 

METALS PLATING 

RUBBER LEATHER 

PETROLEUM DYES 

FOODS PAPER 

PLASTICS BEVERAGES 

PAINTS TEXTILES 

PHARMACEUTICALS 

SYNTHETIC FIBERS 

MAl L COUPON FOR IMPORTANT DATA 
BAUSCH & LOMB OPTICAL CO. 

69442 St. Paul St., Rochester 2, N. Y. 
o Send me B&L Spectronic 20 Catalog 0-266. 

o I would like an obligation-free demonstra
tion of the B&L Spectronic 20 Colorimeter 
at my convenience. 

Name ..... 

Company 

Address 

Title .................... . 

City ....... .............. Zone ... . .. State ........ .. 
______________________ J 

LETTERS 
Sirs: 

In a letter in your April issue :--Ir. 
Merril Eisenbud, Manager of the New 
York Operations Office of the United 
States Atomic Energy Commission, New 
York, criticizes the review by James R. 
Newman of my book No More War! 

It is my opinion that Mr. Eisenbud's 
criticism is unjustified and seriously mis
leading. 

Mr. Eisenbud says "James R. New
man reviewed Linus Pauling's book No 
More War! in your February issue and 
referred to a statement which I am said 
to have made. Mr. Newman writes: 'Mer
ril Eisenbud, an Atomic Energy Com
mission official, wrote an article in 1955 
which stated that "the total fallout to 
date from all tests would have to be mul
tiplied by a million to produce visible, 
deleterious effects except in areas close 
to the explosion itself.'" ... Newman's 
information, which comes in part from 
Professor Pauling's monograph, is incor
rect. This statement did not come from 
an article I wrote . . . .  I have admired 
Mr. Newman's writing for many years . 
. . . However, when even as reliable a 
writer as Mr. Newman will take con
fused fourth-hand information, and fur
ther confuse it in creating a fifth-hand 
version, one begins to wonder when to 
trust the 'facts' he reads." 

The quoted statement attributed to 
Mr. Eisenbud appeared in an article in 

Scientific American, June, 1959; Vol. 200, 
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 11, N. Y. Manuscripts are 
submitted at the author's risk and wil1 not be 
retnrned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin 1\'1. Davidson, Advertising Manager, 
SCIENTIFIC AMERICAN, 415 Madison Avcnue, New 
York 11, N. Y. 

Subscription correspondence should be ad· 
dressed to Jerome L. Feldman, Circulation 1\lan· 
ager, SCIENTIFIC AMERICAN, 415 :Madison Avcnu(', 
New York 17, N. Y. 

Subscription rates: one year, 56; Iwo years, $] 1 ; 
three years, SIS. These rates apply throughout 
the world. Subscribers in the United Kingdom may 
remit to Midland Bank Limited, 69 PaJ] lUa1l, Lon· 
don S. W. 1, England, for the account of Scien. 
tific American. Inc.: one year, two pounds four 
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three years, five pounds eight shillings. 

CJlange of address: Please notify us four weeks 
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. 
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AT RAYTHEON 

Scientific imagination focuses on SONICS 
Sound waves generated by electro- and hydro
acoustic transducers are used in a wide variety 
of applications. Flow metering, medical ther
apy and diagnosis, and degreasing of small 
parts are a few. Covering about 25 octaves, the 
sonic spectrum ranges from audible to ultra
sonic frequencies as high as 109 cycles. 

Raytheon scientists have made noteworthy 
contributions to transducer technology and 
acoustic propagation techniques. Examples: 
the development of the first low-cost depth 
sounder, the practical application of ultra-

sonics in machining refractory materials, and 
the use of electromechanical filters for spec
trum analysis. Currently, Raytheon is produc
ing for the Navy the AN/BQQ-l sonar-the 
most comprehensive underwater sound system 
yet devised for detecting, tracking and attack
ing enemy submarines. 

Among the distinguished scientists at Raytheon 
who are expanding basic knowledge of sonics 
is Dr. Theodor F. Rueter of the Government 
Equipment Division's Sonar Department. 

RAYTHEON COMPANY, Waltham, Mass. 
� in Eledronics 

_I Excellence 

s 
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Tomorrow's technology demands cryogenic devices of 
small size and high reliability ... 

The ADL MinIRcooler, designed for use with devices that 

detect very long wave-length infrared or extremely small tem

perature differentials, provides closed-cycle refrigeration in a 

miniaturized, low-pressure (300 psia), lightweight system of 

high reliability. The only moving part below ambient tempera
ture is a tiny plastic piston. The MinIRcooler can maintain IR 

detectors down to 60oK. 
ADL is currently developing similar devices for spot cool

ing at temperatures down to 20oK.* 
'Hamilton Standard Division, United Aircraft Corp. has been licensed for manu

facture and sale of the MinIRcooler for IR applications above .'30oK. 

�rthui 1ll.Jlittlc,lInt. 
CAMBRIDGE • CHICAGO • SAN FRANCISCO 

NEW YORK • WASHINGTON . SAN JUAN . EDINBURGH 

You may be interested in some articles and papers by ADL staff 
members. Please indicate below those you desire and attach to your 
letterhead. 

o SPECIFICATION SHEET 
- ADL MinIRcooler 

o "YOUR DOLLAR RE
TURNS FROM RESEARCH," 
I. Telling & W. S. Berg, Indus
trial Research 

o "A NEW TECHNIQUE 
FOR MEASURING THE SPEC
T R A L  EMI S S I VITY OF 
SOLIDS AT HIGH TEMPERA
TURES," P. E. Glaser & H. H. 
Blau, Jr., Journal of Heat 
Transfer 

o "AUTOMATION YES 
OR NO" 

o "FUN CTI ON A L  F E A
T U R E S  I N  P R O D U CT 

STRATEGY," J. B. Stewart, 
Harvard Business Review 

o "CRYOPUMPING FOR 
HIGH VACUUM WITH LOW 
POWER," B. M. Bailey & 
R. L. Chuan, Fifth National 
Vacuum Symposium 

D " S UP E R C O N D U CTIVE 
SWI'FCHING CIRCUITS," 
A. E. Slade & H. O. McMahon, 
Proceedings of the National Elec
tronics Conference 

o "RADIATION, A TOOL 
FOR INDUSTRY," S. E. Eaton 
& M. Michaelis, presented be
fore 7th Annual Conference, 
Atomic Energy for Industry 

Your request will receive the prompt attention of 

D irector of Public Relations, 

Arthur D. Little, Inc., 21 Acorn Park, Cambridge 40, Mass. 

the New York Sunday News of March 
20, 1955. It is reproduced on page 
1,279 of The Nature of Radioactive Fall
out and Its Effects on Man, the report of 
hearings before the Special Subcommit
tee on Radiation of the Joint Congres
sional Committee on Atomic Energy. 

Mr. Eisenbud's letter to you suggests 
strongly that the quotation attributed to 
him was not made by him. But he does 
not deny that he made the statement. In 
his testimony before the Special Con
gressional Subcommittee (page 1,274) 
Senator Anderson had said to him: "Mr. 
Eisenbud, this statement was made on 
20 March 1955. I understand you do not 
question the accuracy of the quotation." 
Eisenbud replied "I do not question the 
accuracy of the quotation nor will I cer
tify it." 

On February 24, 1959, I wrote to Mr. 
Eisenbud, pointing out that in his testi
mony he had not questioned the accura
cy of the quotation. In my letter I stated 
that "I note that you do not question 
the accuracy of the statement attributed 
to you by the writer of the article in the 
Sunday News either in your letters to 
Scientific American or to me or in your 
testimony before the Special Subcom
mittee on Radiation." I have received no 
answer, and I conclude that there is no 
reason to doubt that the statement is 
properly attributed to Mr. Eisenbud. 

In view of these facts, I believe that 
Mr. Eisenbud's letter to you is seriously 
misleading. 

LINUS PAULING 

Gates and Crellin Laboratories 
California Institute of Technology 
Pasadena, California 

Sirs: 
Perhaps it should be stated even more 

definitely than Robert A. Hall did in 
his excellent and thought-provoking 
piece ["Pidgin Languages"; SCIENTIFIC 
AMERICAN, February] that pidginization 
and creolizing are not the result of the 
impact of well-developed languages of 
the Western world on underdeveloped 
idioms of more primitive cultures but 
rather the norm"al way languages split 
up and develop daughter languages. The 
fact that no such thing has happened in 
Europe for hundreds of years should not 
blind us to the fact that our own mother 
tongues are nothing but the result of 
creolization at an earlier stage. As a 
romancist, Dr. Hall will undoubtedly 
agree that French, Italian, Spanish, Por
tuguese, Catalan, Proven9al, Romansch 
and Rumanian are, in their origin, noth-
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SERVING SA FETY THROUGH SCIENCE 

'CHE priceless ingredient of civilization .. .its most valu
able "raw material" ... is the life of the human being. 

Second only to the safety of the individual is the 
preservation and protection of those things which 

contribute to his life ... food, places to live and work, and ways 

of getting there. 

Serving this principle through the application of science 

is the raison d'etre of every division of Servo Corporation of 
America. A case in point: 

Infrared systems represent a field in which Servo Corpora

tion enjoys technological leadership based on many years' 

experience. Out of its Infrared Research Laboratories came 

the SERVOSAFE ® Hot Box Detective * , a device supplied by the 

Railroad Products Division and now in use on 17 leading 

U. S. railroads. 

The SERVOSAFE system spots overheated journal boxes

"hot boxes" which can lead to derailments and loss of time, 

goods, lives. It automatically examines each and every journal 

box as a train passes. When a hot box is detected, a stop signal 

is tripped, the tower operator is alerted, and a graph points out 

which journal box on which side of which truck on which car 

is dangerously overheated. 

All this happens in seconds. By the time the train rolls to a 

halt, the one dangerous journal box out of harmless hundreds 

is located immediately; and the danger is corrected. The train 

then proceeds in safety. 

The value of such split-second detection can be added in 

terms of the number of cars which need not be sidetracked for 

costly repairs---or the tons of perishable goods which need not 
perish-or the consignments which need not be delayed. 

The value may also be measured in terms of people ... of 

ourselves, our wives, and our children. 

This becomes more evident in air traffic control. Servo's 

Air Traffic and Navigation Systems Division provides AID 

(Automatic Instantaneous Direction-finding) with its SERVO
FLIGHT® Doppler DF Systems. These provide accuracy, sta

bility, and speed never before attained. 

Air safety depends on knowledge of weather conditions. 

The SERVOFLIGHT Radio Theodolite tracks weather balloons 

for this purpose, passing on information about temperature, 

humidity, pressure, wind directions, and speeds. 

And so it goes with other divisions and products ... infra

red systems for industry to provide safe control of industrial 

processes . 
: 
. and, of c�urse, military systems whi�h � 

guard agaillst surpnse enemy attack. Thus, III . 

every respect, Servo Corporation products serve . �.! 
safety through science. e: 

.Protected by U.S. Patent No. 2.880.309. Other U.S. & Foreign Patents Applied For 

SERVO CORPORATION OF AMERICA 20-20 Jericho Turnpike, New Hyde Park, L.I., N.Y. ©1959 SERVO CORPORATION OF AMERICA 
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· . .  a high-power, high-speed silicon switch for applications 
now employing thyratrons, relays, and conventional rectifiers. 

The "Trinistor," semiconductor suc
cessor to the thyratron, is a highly 
efficient three-terminal switching de
vice which overcomes the thyratron's 
limited power handling capacity, low 
switching speed, and relatively high 
forward drop. With recent develop
ments at Westinghouse, Trinistors of 
various high-power capacities will 
soon be commercial realities. 

The Silicon Trinistor will find a 
host of new applications. It can be 
used wherever today's thyratrons, re
lays, magnetic amplifiers, power tran-

300 
!! �200 
1J.J 
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sistors and standard rectifiers find use. 
Applications include the high-speed 
switching of AC and DC, full-wave 
phase controlled DC power supplies, 
circuit breakers, inverters, motor con
trol, and many others. 

The switching characteristic of the 
Silicon Trinistor from the "OFF" to 
the "ON" condition, and the control 
function of the base current Ib' are 
illustrated below. 

Watch for the announcement of 
commercial availability of the new 
Westinghouse Silicon Trinistor. 

o 20 30 40 50 
CURRENT (amperes) 
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ing but different forms of creolized 
Latin. It can also be stated that medieval 
English was, at different periods, first 
creolized Old Norse and then creolized 
Norman French. 

GUNNAR LEISTIKOW 

New York, N. Y. 

Sirs: 
It is tempting to think that the Ho

mance languages may be of creolized 
origin. However, we must distinguish 
two main types of linguistic change: (1) 
the "normal" kind, slow and gradual, ex
tending over centuries and millennia; 
and (2) the sudden, drastic reduction 
and brusque, extensive re-structuring in
volved in the formation of a pidgin. The 
historical evidence shows clearly that the 
differentiation of the Homance languages 
and of the other group mentioned by 
Mr. Leistikow was of the first, not the 
second, kind. Furthermore, there is no 
evidence that there was ever a time 
when the ancestral forms of these lan
guages were never spoken by anyo'lie as 
his or her native language, as would be 
required by the other part of our defini
tion of a pidgin. 

HOBERT A. HALL, JR. 

Cornell University 
Ithaca, N. Y. 

Sirs: 
"Heactor Fuel Elements" by James F. 

Schumar [SCIENTIFIC AMERICAN, Feb
ruaryJ is not only a clear and interest
ing article, but it is a sturdy blow in the 
long battle for good grammar and dic
tion. Only once does he use the bastard 
word "cladding" and then in quotes to 
show its questionable nature. 

Use of "clad" as a root verb with all 
normal verbal inflections is gaining 
ground, largely because engineering ears 
used to "metal-clad" don't accept the 
other tenses, "clothe" and "clothing," in 
association with metal. 

The English language is rich with 
bastard forms already. Not legitimacy, 
but usefulness, should be the criterion 
for accepting new words. Mr. Schumm-'s 
prose clearly demonstrates that the lan
guage doesn't need these illogical and 
ear-grating forms. 

VAN V. TRUMBULL 

General Electric Company 
Schenectady, N. Y. 

© 1959 SCIENTIFIC AMERICAN, INC



Seals of Du Pont TEFLON TFE resins boost performance of hydrauliC power cylinder. (By Miller Fluid Power Oiv. of Flick·Reedy Corp., Bensenville, 111.) 

THE INSIDE STORY: Seals that help put the muscle in machines 
Tons of traction and thrust are applied by 
hydraulic power cylinders to the mighty 
mechanisms of industry. For maximum relia
bility and efficiency the hydraulic seals are 
often made of TEFLON TFE-fluorocarbon 
resins. Because TEFLON resins have the low
est coefficient of friction of any known solid 
materials, these seals require no lubrication, 
reduce torque and will not stick or freeze. 
TFE resins are unaffected by even the most 
corrosive synthetic hydraulic fluids and 
retain their unique properties from tempera
tures of minus 320°F. to 500°F. 

<[(] POtID TEFLON® 
TFE-FLUOROCARBON RESINS 1I[;.U.S.P.4.T.Of( 

BETTER THINGS fOR BETTER LIVING . • •  THROUGH CHEMISTRY 

Throughout industry and in advanced mili
tary applications, TFE resins are raising the 
performance of equipment and processes to 
new, high levels. For an interesting and 
informative booklet on the properties and 
uses of Du Pont TEFLON TFE-fluorocarbon 
resins just write to: E. I. du Pont de Nemours 
& Co. (Inc.), Polychemicals Department, 
RoomT-396, Du Pont Building, Wilmington 
98, Delaware. 

In Canada: Du Pont Company of Canada 
Limited, P. O. Box 660, Montreal, Quebec. 

TEFLON is Du Pont's registered trademark for its 
fluorocarbon resins, including the TFE (tetra/luoro
ethylene) resins discussed herein. 
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Here are Grumman S2F Trackers on board aircraft carrier, mainstay of United 
States Navy HUK Group on Anti-Submarine Warfare maneuvers_ 

S2F starts search with electronic gear that can detect snorkel, periscope, or sub 
radar, even the submerged sub's disturbance of the earth's magnetic .field_ 
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Coastal cities-of course. Midland cities, too. In fact, any city anywhere in the U. S. 
is a sitting duck target for missiles launched from subS. 

One of the free world's greatest menaces is the submarine. 

Best protection against this danger is the U. S. Navy-and its long· range anti·submarine 
task forces. Fixed-wing long·range aircraft, launched from task force carriers, 
patrol the high seas, probe their depths, screen their contents. They detect, 
identify and track. And, upon provocation, destroy. They help make the 
Navy our strongest defense against the threat of the submarine. 

These anti·submarine warfare (ASW) aircraft are operational with the Navy 
throughout the world. Many are Grumman S2F Trackers. They carry 
the most advanced electronic detection gear plus the weapons that enable 
them to perform the complete search-attack assignment. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York 

Personnel of Combat Intelligence Center are receiving S2F Tracker report of 
contact and the dropping of detection devices to pinpoint submarine. 

Grumman S2F Tracker is returning to aircraft carrier after "sinking" submarine 
in war games with depth charges and an ingenious homing torpedo. 
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Neutron - sensitive isotope made in Monel fractionator 

Boron-10·vs. brain tumors 

Physicians and scientists working in 

cancer research at Brookhaven Na

tional Laboratory, Upton, N. Y., are 

probing the use of Boron-lO isotope 
in treating a common type of brain 

tumor (glioblastoma multiforme). 
Results of this therapy are so en

couraging that Brookhaven and at 

least two other institutions are con

structing additional nuclear reactors 
used in this therapeutic venture. 

The method. In a technique known 
as Neutron Capture Therapy, the 

patient receives an injection of a 
Boron-10 compound. Cancerous tis

sue absorbs Boron-10 more rapidly 
than healthy tissue. While the iso

tope is concentrated in the tumor, 

neutrons from a nuclear reactor are 
beamed at it. The Boron-10 in the 

cancer absorbs most of the neutrons. 

In the split second that the Boron-
10 becomes radioactive, it produces 

short-ranged alpha particles which 

destroy cancerous tissue with a mini

mum of damage to healthy tissue. 

Producing the isotope. The plant 

furnishing Boron-10 to Brookhaven 

ordinarily turns out about three 

pounds during a 24-hour work day. 

Separation of the isotope takes place 

in what is described as "the world's 

most efficient fractionating system." 
In 350 feet of total height, six series
connected MoneF nickel-copper al
loy columns enrich a complex con

taining 18.8% Boron-10 isotope to 

one containing 92 % Boron-10. 

Corrosive action foiled. Throughout 

subsequent manufacturing proc-

esses, where equipment is constantly 

subject to fluoride attack, only pure 

Nickel or Monel alloy is used. These 

metals hold corrosion at arm's 

length in columns, reboilers, con

densers, vessels, pumps, and piping. 

Is there a metal problem facing 
you? One that involves corrosion ... 

high temperatures ... low tempera
tures ... stress ... fatigue? Monel 

alloy or another of the many Inco 

Nickel alloys may be just the metal 
you're searching for. Write for our 

helpful booklet, "Corrosion: Proc
esses - Factors - Testing." 

*RegiSlered trtl.demark 

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

<.�.� .. ) 

INCO� NICKEL ALLOYS 
NICKEL ALLOYS PERFORM BETTER LONGER 
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Controls Company of America 
(what's new in laundromation?) 

how can we work for you? 
Modern laundry equipment has taken much of the 
back-work out of the family wash. Now Controls Com
pany of America has removed the brain-work through 
laundromation - thanks to CC integrated control SYil
terns. Both Cycle-Set power timer and automatic elec
tric spark ignition systems are controlling factors on 
leading manufacturers' top-of-line laundry appliances 
this season - another example of how CC creative 
engineering continues to serve home and industry. 

CC's control system approach is the result of many 
years' experience in the appliance and heating fields. 
We have developed hundreds of standard control com
ponents - valves, switches, solenoids, motors in al
most every type and size. CC's unique combination of 
creative engineering assistance and a complete control 
line means a fast solution to your control problems. Write 
today for full details on our comprehensive service. 

This is our line 
- w,,"''' •• __ .··----w=.- -�:;;;;,;;' ;;;;;;:=� :i[; ;/ � TO m. c •• _ , ::: e,.w c ..... , y " yoo' .. '00"", fo, a bott" way '0 eo""", 

.� time, flow, tempe�atu�e o� motion , our cre

Temperature 
Con,trol � Motion Control 

ative enginee�ing service may help you fin� 
it. We �an supply single controls 'or com-
plete, integrated systems. 

Creative Controls for Industry 
(OnTIlOLS (OmPAnY OF Am€IlI(A 

EXECUTIVE OFFICES: SCHILLER PARK, ILLINOIS 

'IJ.,...;. CONDITIONING 
rtf; HEATING AND AI� 

� 'f/.. CONTROlS DIV, 
MllWAUKEl;, WIS. 

(3 REDMOND 

.: COMPANY, INC. 
n ... O WOSSO, 
� MICHIGAN 

H£1W£U/f6TON.,J«. 
HETHERINGTON, INC. 
fOLCROfT, 
PENNSYLVANIA 

MILWAUKEE VALVE CO., MILWAUKEE, WIS . •  LAKE CITY, INC., CRYSTAL LAKE, ILL. 
CONTROLS COMPANY OF AMERICA (CANA DA) LTD., COOKSVillE, ONTARIO, 
CANADA • INTERNATIONAL DIVISION, SCHILLER PARK, Ill., U.S.A • •  CONTROLS 
A G, ZU G, SWI TZERLAND . CONTROLS MAATSCHAPPIJ EUROPA N.V., NIJMEGEN, 
HOLLAND • CONTROLS COMPANY Of AMERICA (ARGENTINA) SRL, BUENOS AIReS. 
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CHOOSE FROM 100 RARE EARTH SALTS 
One of them may offer you unexpected and profitable advantages 

a report by LINDSAY 

The unique properties, intriguing characteristics and amazing versatility of the 
rare earths suggest the possibility of their usefulness to you. It's not unlikely when 
you consider that rare earth salts are being used today in production processes 
involving glass, metals, ceramics, chemicals, fabrics, paint and pharmaceuticals, 
just to name a few. 

Even today, some manufacturers have not investigated the rare earths because 
they still think they are rare. That is not so. Only a few years ago, the rare earths 
were little more than laboratory oddities, except of course for a few well-known 
basic and critically important applications. 

It will iNterest you to know that we are producing more than 100 rare earth, 
yttrium and thorium salts. We can make prompt shipments in commercial quanti
ties. And at extremely favorable prices. 

If you are concerned with research, product development or production pro
cesses, it will be significant to you that there has been a vast change in rare earth 
production during the past ten years ... in volume, in varieties, in purities of mate
rials commercially available, and in prices. 

This is the result primarily of two fac
tors. The curiosity and imagination of 
research workers who have developed 
many practical applications. And our 
own enormously expanded production, 
particularly of rare earths in high puri
ties up to 99.99%. 

Look with us for a moment at some 
of the interesting developments. 

Glass polishing with cerium oxide is one 
of the most extensive rare earth appli
cations. Lindsay, nearly 20 years ago, 
revolutionized glass polishing practices 
in this country when it introduced ce
rium oxide. Today it is used for polish
ing millions of spectacles, lenses for 
cameras and other high precision op
tical instruments, TV picture tubes, fine 
quality mirrors, automobile windshields 
and many glass specialties. 

We are operating a fully equipped 
and capably staffed polishing labora
tory continually working on quality 
control and evaluation of new formulas. 
If you have a polishing problem, you 
may find it fruitful to talk with us. 

Rare earth garnets for electronic equip
ment are structurally somewhat similar 
to the garnet variety grossularite 
(formula Ca3AI2(Si04h). The most in
teresting ones are the rare earth-iron 
garnets such as Y3Fe2(Fe04h. This 
mouthful of formula has been ab
breviated by researchers to "YIG" for 
obvious reasons. Other names stem 
from other rare-earth symbols. These 
garnets, particularly those of yttrium, 
gadolinium, erbium, and some others 
have interesting ferrimagnetic proper
ties, making them useful as ferrite ma
terials in electronic equipment. 

We don't make the garnets but we 
can supply the correct material for this 
particular application, and, of course, 
helpful technical service. 

Neutron absorbing rare earths are now 
available in ample quantities and at 
reasonable costs for use as poisons in 
nuclear reactors. Europium is the most 
effective control rod material but is 
relatively scarce and expensive. Control 
rod designers are making progress in 
demonstrating the desirable perform
ance characteristics of gadolinium, dys
prosium, samarium and erbium. 

PLEASE ADDRESS INQUIRIES TO 

We would be happy to supply to 
qualified persons information about sig
nificant developments in this field. 

Sintered shapes. Through our labora
tory research, we have developed a 
process for producing rare earth oxides 
in sintered shapes. This information is 

now available to you if your experi
mental work indicates this a desirable 
form of the rare earth oxides. 

Rare earth and yttrium metals are now 
available from Lindsay. Many users of 
rare earths prefer them in this form. 
Our high purity rare earth metals are 
furnished primarily in the form of 
ingots or lumps. They are available for 
prompt shipment from our inventory in 
experimental quantities. 

You will find costs reasonable and 
advantageous for your research or prod
uct development and production oper
ations. Want more information? 

This report indicates a wide range 
of commercial interest in the rare 
earths. Certainly tl1ey have a quite re
markable flexibility and versatility in 
their application to many uses. 

We can't tell you how to use the rare 
earths in your processes. But we can 
offer you technical data which may be 
of interest to your research people. 

Please tell us your area of potential 
interest and we'll try to supply infor
mation which is most helpful to you. 

UNDSAY CHEMICAL DIVISION 
American Potash & Chemical Corporation 

264 ANN STREET . WEST CHICAGO, IlliNOIS 

OFFICES: CHICAGO . LOS ANGELES • SAN FRANCISCO . NEW YORK . PORTLAND (ORE.) • ATLANTA · COLUMBUS (0.) • SHREVEPORT 
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The term HSCOTCH" is a registered trademark 

of 3M Company, SI. Paul 6, Minnesota. Export: 

99 Park Avenue, N. Y. Canada: London, Ont. 
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MAGNETIC MEMORY OF A 
COMPUTER'S "FAST TALK" 
-90,000 CHARACTERS 
A SECOND, 
CAUGHT UNBLURRED 

Done in days - the calculations that might 
take the human brain months! To speed its 
work, the computer draws on a perfect 
memory - data translated to the pure lan
guage of mathematics - recorded as signal 
"bits" on "SCOTCH" BRAND Magnetic Tape. 

Where a mote of dust can mean an error, 
"SCOTCH" BRAND Magnetic Tape is a clear, 
unclouded memory-supplying data for cal
culation at the unimaginable speed of over 
500,000 signal bits or 90,000 characters a 
second. 

The first practical magnetic tape ever devised, 
"SCOTCH" BRAND Magnetic Tape remains 
the leader as newer, more sensitive instru
mentation tapes are developed for science, 
business and industry. It helps explore sea 
and space, directs automated industry, bal
ances the accounts of business-and it will 
serve you, too. For information on tape con
structions for your specific needs, write 
Magnetic Products Division, 3M Company, 
900 Bush Ave., St. Paul 6, Minnesota. 

© 1959 3M Co. 

"SCOTCH" BRAND Magnetic Tape 
-the memory oj tomorrow 

",-4£<- -�.:>-� MINNESOTA MINING AND MANUFACTURING COMPANY rf:1D� 
Yo S! 

• • •  WHERE RESEARCH IS THE KEY TO TOMORROW � . .. ,.;jI 
��'>->W<44 
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Here are the "basic ingredients" in 
some of today's most advanced design 
concepts . . . Norton Ceramic Ma
terials. Exceptionally versatile, these 
exciting materials are meeting operat
ing requirements of products and proc
esses across industry. 

N orton Ceramic Materials offer de
sign engineers a wide range of out
standing physical, chemical, thermal, 
and electrical properties. What's more, 
they provide interesting combinations 
of these properties. For example: 
CRYSTOLON* silicon carbide provides 
high thermal conductivity as well as 
exceptional thermal strength; ALUN
DUM* aluminum oxide has excellent 
chemical stability in addition to good 
abrasion resistance; MAGNORITE* mag
nesium oxide offers high purity, ther
mal and electrical resistance; fused 

Dynamic Ideas in Engineering . . .  

l thrive on Norton ceramic materials 

zirconium oxide is -today's highest 
melting point material available in 
tonnage quantities and it's immune to 
both reducing and oxidizing atmos
pheres. And each product has many 
other invaluable properties. 

Think of Norton Ceramic Composi
tions as essential components in 
equipment for metal and chemical proc
essing, electrical, electronic, ceramic 
and nuclear applications ... as "the 
answer" to literally hundreds of design 
problems. They're manufactured to 
meet highly exacting standards of 
purity, density, shape, size and wear 
resistance ... available in granular 
and in fabricated form to meet your 
requirements efficiently and economi
cally. For complete details, write for 
"N orton REFRACTORY GRAIN". NORTON 
COMPANY, Refractories Division, 545 
New Bond Street, Worcester 6, Mass. 
'Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 

(NORTON) 
REFRACTORIES 

Engineered. , .Il, , ,'Prescribed 

M aking better products , " to make your products better 
NORTON PRODUCTS Abrasives • Grlndin, Wheels • Grindin, Machines • Refractories ' Electrochemicals - BENR-MANNfNG DtVISIDN Coated AbraSives ' Sharpenin, Stones ' Pressure-SensUi" Tapes 
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KENNAMETAL * meets many critical requireme�ts 

This unretouched photograph shows the high reflective 
finish of a Librascopet integrator disc, 1 %" diameter, 
made from Kennametal. Little discs like this one are of 
big importance in the operation of guidance systems, 
automatic pilots, and gyrostabilizers. In addition to 
a high polish, the discs must have high YME, hard
ness, and compressive strength . . . all qualities of 
Kennametal. Need for these properties, or a combina
tion of other exceptional characteristics, is often met 
by a specific grade in the Kennametal family of 
tungsten carbide alloys. 

In highly specialized types of photographic equip
ment, for example, Kennametal optical flats substitute 
for fragile glass mirrors to overcome distortion due to 
centrifugal or other forces. Many other vital parts 
subject to abrasion or corrosion are now being made 
of Kennametal . . . such parts as high pressure com
pressor cylinder liners, seal rings for rotary pumps, 
valve parts, plungers, and bushings. 

JUST HOW IS KENNAMETAL SUPERIOR? 
• Kennametal has an extremely high YME . . . up 

to 94 million psi compared to steel's 30 million ... 
ranges up to 94.7 Rockwell A. 

• Some grades of Kennametal have a density as high 
as 1 5.5 gms/cc . . .  twice that of heat treated steel 
. . . while other grades will stand up for days in 
boiling 5% HN03 and 5% H�04' 

• Kentanium,* a series of hard titanium carbide 
alloys, retains sufficient strength for many applica
tions at temperatures of 2200°F. and above. 

Chances are some vital components for your equip
ment could be made of Kennametal to provide greater 
reliability, over a wide range of operating conditions, 
than that provided by conventional materials. A 
Kennametal Carbide Engineer will gladly discuss your 
problem with you. Or write us for one or both of these 
booklets: B-111A-"Characteristics of Kennametal," 
and B-444A-"Kentanium." KENNAMETAL INC., 
Dept. SA, Latrobe, Pennsylvania. 

fTrademark of Librascope, Inc. 

W KENNAMETAL 
.. 
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50 AND 100 
YEARS AGO 

JUNE, 1909: "The Zeppelin II, the 
large dirigible balloon built by Count 
Ferdinand von Zeppelin, left its floating 
shed on Lake Constance late on Satur
day night, May 29th, with the supposed 
object of sailing to Berlin. At Bitterfeld, 
465 miles from its starting point, the 
Count decided to return, as he had lost 
some gas. At Goppingen a descent was 
made to replenish the supply of fuel. 
The motors had already stopped, and 
the airship was nearing the ground in 
an open field, when a gust of wind car
ried it against a tree with considerable 
force. The prow of the balloon was 
crushed in. Later dispatches report great 
skill, promptitude and spirit on the part 
of Count Zeppelin in making repairs, 
congratulatory telegrams from the Ger
man Emperor and-six weeks required 
to restore the balloon. It is a very great 
feat so to construct an immense gas bag 
so as to navigate it continuously for 36 
hours, traversing 850 miles. Yet if such 
damage can be caused by a puff of wind 
the moment the controlling motors are 
stopped, we maintain that nothing light
er than air is going to give us the ulti
mate solution of the problem of mechan
ical flight, any more than we are limited 
to materials lighter than water for the 
navigation of the sea." 

"The Council of the Rontgen Society 
has decided that the gamma-ray ioniza
tion from one milligram of pure radium 
shall be regarded as a standard, and 
called a unit of radioactivity. Three sub
standards of radium bromide are to be 
prepared, and comparison will be made 
in the specimen of the purest radium 
bromide at the Victoria University in 
Manchester." 

"Mr. Marconi denies the statement 
which has recently been made that wire
less telegraph waves are injurious to 
operators, and that they produce various 
diseases such as conjunctivitis and cor
neal ulcers. To use his own words: 'Dur
ing the 12 years or so of our operations 
we have had to deal with no single case 
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��No man 

can improve 

an original invention ... " 

THERE are many scientists today who would 
argue this point with Blake. 

At Bell Telephone Laboratories, for example, 
we have seen original inventions improved 

and re·improved countless times, the better 
to serve mankind. 

But William Blake went on to say" ... 
nor can an original invention exist without 
execution organized, delineated and 
articulated." Here Blake expressed ideas 

that apply with striking emphasis today. 
At Bell Laboratories organized effort is 
constantly aimed at fostering an 
environment in which inventions can exist 
and prosper, where they can be 
expressed either as ideas or in physical 
form, and where clear understanding 
of their principles can be achieved. 

By helping scientists and engineers to 
reach for the things they seek, by 
organizing and coordinating their efforts, 
Bell Laboratories has made important 
contributions to the art of communications: 
proof of the wave nature of the electron, 

first research in radio astronomy, discovery of 

the transistor principle, invention of the 

feedback amplifier. Such ventures into the 

unknown have twice brought the Nobel Prize to 
Bell Laboratories scientists, and at the same time 
have helped create the most efficient and versatile 
telephone system ever known. 

- William Blake 

William Blake (1757-1827), a versatile genius, was 

famous for brilliant, sometimes prophetic, insights which 
he expressed with provocative beauty in drawing, painting, 
poetry and prose. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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No two dry materials move exactly alike. Carbon black doesn't 
flow in the same way as cement; plastic resin fluidity is different 
than powdered metals'. 
That's why a group at W&T specializes in dry fluid mechanics. 
And from this specialization comes the complete line of W&T 
metering and feeding equipment for any kind of dry flow
ing material. 
If you have batch processes, W&T Feeders can control batching 
more accurately ... possibly even help create continuous proc
essing. Or perhaps you want to increase the efficiency of an 
existing continuous process through higher accuracy-wider 
range. Then, too, there's inventory and accounting. W&T 
Meters can measure and record the movement of dry materials 
into, through or out of your plant. 

May we send you more information? 
Just address Department M -46.83. 

WALLACE & TIERNAN INCORPORATED 

2S MAIN STREET, BELLEVILLE 9, NEW JERSEY 

of compensation for any injury of this 
origin: " 

"Wilbur and Orville Wright are ex
tremely careful in making their experi
ments, and both have a great amount of 
patience. They always delve to the bot
tom of any problem they have to solve . 

. As their only sister, Miss Katherine, so 
aptly puts it: 'To hear them argue 
around and knock the bottom out of each 
other's ideas till, at the end of three 
hours, you find Orv where Wil started 
off and Wil where Orv began, is just 
the killingest thing imaginable, and 
makes them both burst out laughing
but it saves them no end of useless ex
periment.' " 

"vVhen the great Cunard turbine boats 
Lusitania and Mauretania made their 
appearance, it was predicted that they 
would never be surpassed in size or 
speed. In speed they probably never 
will be surpassed, but in size they are 
destined to be greatly surpassed by the 
OlympiC, which is now under construc
tion at Belfast for the White Star Com
panv. These truly enormous vessels (the 
sister ship will be named Titanic) will 
be 890 feet in length, 92 feet in beam 
and 64 feet in molded depth." 

"Prince Henry, brother of the German 
Emperor, is the inventor of an automatic 
window washer. It is intended for the 
purpose of wiping off moisture from the 
glass wind-break of an automobile, so 
that the rider's vision may be clear at all 
times." 

TUNE, 1859: "Alexander von Hum
boidt, the great philosopher, traveler and 
author, expired on June 6 in Berlin, 
Prussia, at the advanced age of 91 years. 
Von Humboldt received a high educa
tion in the University of Giittingen. His 
fame as a mineralogist was early estab
lished, and at 23 years of age he was 
appOinted to the important government 
post of Superintendent of Mines in 
Franconia. He visited the New World 
under the patronage of the Spanish Gov
ernment, and in 1799 commenced to 
explore the great valley of the Orinoco. 
During the five years he was a traveler 
in our hemisphere, he visited the sources 
of the Amazon, climbed the snow
capped peaks of the Andes, and under a 
burning sun traversed vast plains, pesti-
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SYLVANIA SYSTEMS ... IN COMMUNICATIONS 

Plasma, Ionization, Breakdown Effects, Deionization and Propagation 
studies are adding new strength to space communication systems. 

Forging new electronic links 

to outer space 

Sylvania Electronic Systems is now 

applying important new knowledge 

and experience to the formidable 

problems of space communica

tions. 

NEW TECHNIQUES have been devel

oped as a result of depth studies in 

plasma energy transfer, electro-mag

netic breakdown, and ionization and 

deionization phenomena. Greater 

understanding of these phenomena 

is producing vital links essential to 

stronger communication chains. 

This applies equally whether in

formation exchange is between satel-

Sylvania Electronic Systems 
A Division of Sylvania Electric Products Inc. 

63 Second Ave., Waltham, Mass. 
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lite and earth, control center and 

drone, or any air to air, ground to air, 

or ground to ground system; from ship 

or land, UHF or VHF, voice or data. 

In space communications, as in 

every major area of communications 

and electronic systems, Sylvania can 

assume full responsibility for program 

management from system analysis to 

research and engineering, product 

design, and through production. 

Sylvania welcomes the opportu

nity to outline its special talents and 

capabilitIes to you or your organiza

tion personally. Simply address your 

inquiry to the address below. 

�SYLVANIA 
Subsidiary 01 GENEIltAL 

GENERAL TELEPHONE & ELECTRONICS ___ 
STSllM 

lential swamps, and barren deserts 
where the foot of white man had never 
trod before. His published accounts of 
these travels attracted the attention of 
the whole civilized world. They were 
printed in 17 large volumes, richly illus
trated with figures of the subjects de
scribed. They embraced geography, zo
ology, botany, mineralogy, the natural 
history of animals, astronomy, geology, 
climatology, in short, every branch of 
science. So varied and profound were 
his attainments that it was at once felt 
that he stood out in bold relief as the 
most accomplished traveler that ever 
lived. For the past 50 years he has been 
the Nestor of science, and has gone 
down to the grave bearing the esteem of 
all men, and 'laden with wealth and 
honors nobly won.' " 

"SCIENTIFIC AMERICAN is no new en· 
terprise. Its character and influence have 
been acknowledged and felt for nearly 
14 years past. It is the only journal of its 
kind in the U. S. which has met with 
success; since its commencement no less 
than 15 similar journals have been start
ed, and have expired after a brief and 
unhealthy career. The publishers of 
SCIENTIFIC AMERICAN respectfully an
nounce to their readers and the public 
generally, that, on the first day of July 
next (1859), their journal will be en
larged and otherwise greatly improved. 
Instead of eight pages in each number 
as now, there will be sixteen." 

"There are now six lines of street rail
roads in New York City, which, taken all 
together are about 45 miles in length. 
They are great corporations in every 
sense of the term, for they carried during 
the past year no less than 27,057,000 
passengers, and earned $1,352,000. 
These roads employ about 2,000 horses 
and mules to draw the cars." 

"The inventor of friction matches was 
John Walker, a chemist of Stockton, 
England, who died on May 5 at the ad
vanced age of 79 years. He made the 
discovery nearly half a century ago while 
experimenting with various chemical 
substances, and for a number of years he 
realized a handsome income from the 
sale of matches at the price of about 36 
cents a box." 

"Ozone, according to Professor Fara
day in a late lecture, is oxygen gas under 
electrical excitement. It can be formed 
by passing the electric spark directly 
through the gas or by making the electric 
current pass over the exterior of a tube 
containing oxygen." 
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A new mark in the sky . .  , AMPEX AR-200 

... an all solid-state airborne and mobile 

magnetic tape recorder ... for reliability 

in extreme envirt;Jnments ... less than 90 pounds 

of rugged precision in only 10! cubic feet 

of space ... all power supplies in transport ... 

complete 7-track system below operates 

from aircraft 28-volt DC ... 14-track analog or.up 

to 32-track digital systems also available. 

Your further inquiry is invited. 

AMPEX INSTRUMENTA TlON DIVISION, 

934 Charter Street, Redwood City, California 
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Unbreakable Repli- Kote Mirrors out-perform glass, slash costs 

These new lightweight, low distortion 
Repli-Kote Mirrors of cast epoxy resin 
offer design engineers optical reflectors 
with a matchless combination of prop
erties, impossible with glass. A single 
master mirror is all that's necessary for 
mass producing precision Repli-Kote 
Mirrors-at significant cost savings. 

Op tical Pr ecision - 6"-5�" Focal 
Length Repli-Kote paraboloid mirrors 
have been produced in quantity with an 
accuracy permitting 90% of incident 
collimated light to be concentrated 
within a disc of 0.1 mm diameter. High
er rate of thermal diffusion through 
epoxy also lowers distortion caused by 
temperature transients. 

Permanent Reflec tive Surface - High 

SINGER 

vacuum applied, silicon monoxide pro
tected aluminum reflective surface is 
permanently bonded to epoxy backing, 
will resist flaking or peeling for ex
tended periods. 

High Mechanical and Thermal Shock Re

sis t a nce - Repli - Kote Mirrors have 
withstood impacts as severe as 22,000 g, 
undergone rapid temperature cycling 
from -55°C to +125°C with no meas
urable physical change. 

Light We i ght-Repli-Kote Mirrors cast 
of epoxy are much lighter than glass. 
Suitable fillers can be added if desirable. 

Any Shape -Paraboloids, hyperboloids, 
ellipsoids and more complex aspheric 
surfaces not previously reproducible in 

glass by mass production methods can 
now be quickly fabricated. 

Eas e of Mount ing-Fixtures, threaded 
inserts, electrical components can be 
molded directly into the mirror backing, 
opening an almost limitless field of 
design possibilities. Repli-Kote Mirrors 
are also easily machined. 
If you are working on tracking and 
guidance systems-or any system em
ploying reflective optics-d urable, light
weight, precision Repli-Kote Mirrors 
offer you greater design and production 
freedom. Let us help you make the 
most of Repli-Kote Mirrors in building 
a better product at lower cost. 

Address Inquiries to Repli-Kote, Singer

Bridgeport, 915 Pembroke Street, Bridge

port 8, Conn. 

[i1 THE SINGER MANUFACTURING COMPANY 

� � tfil Military Products Division • 149 Broadway, New York 6, N. Y. 

HRB . DIEHL . BRIDGEPORT 1385 
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Look what happens when you 
add a pinch of permanence 

1. WANT DURABILITY IN YOUR PRODUCT? Who doesn'lI Here's how one manufadurer gets it. 

Floors take a beating-but this floor can stand the gaff for years. It's cork tile by Kentile, Inc. The 

permanence is built in with phenolic resins by Durez. 

3. NOT EVEN BOILING WATER can weaken 

the goad, strong band Durez resins provide. 

These resins resis
·
' heat, moisture, abrasion

for keeps. 

4. WHERE can you use them? Here are ex

amples. Rubber, paper, sand, asbestos, ground 

wood-Durez resins bond them all into strong, 

useful products. 

GET THIS IDEA-BOOK 

2. CORK GRANULES are locked together '0 
stay. You can bond many materials this way

with Durez resins that soften under heat, then 

set hard. 

5. IT DOESN'T TAKE MUCH. Often, one par' 

in 'en gives you 'he proper'ies you won'. And 

phenolic is one of the cheapes' bonding agents 

you can buyl 

on how, where to use phe

nolic resins for more dura

ble products. Tells how 12 

d iff e r e n t  i n d u s tri e s  u se 

Durez resins to add strength, 

hardness, heat and moisture 

resistance at low cost. Write 

today for your copy-free. 

DUREZ PLASTICS DIVISION 

HOOKER CHEMICAL CORPORATION � 
9406 WALCK ROAD, NORTH TONAWANDA, N. Y. _ 
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FIRST 

NATIONAL CITY TRUST 
CO�IPAl.''Y 

Dept. M. 22 William Street, New York 5, N. Y. 

Affiliate of 
The FIRST NATIONAL CITY BANK of New York 

MEMBERS FEDERAL DEPOSIT INSURANCE CORPORATION 

Little Boy 
Not Lost 
A tragic accident took this little boy's par

ents when he was only five. Nothing will 

ever make up for their loss. But he is 

not alone. 

His father had the ability and foresight 

to provide adequately and to plan wisely 

for all contingencies. Under the terms of 

his Will, the family property and invest

ments will be managed in trust by experi

enced Trust Company executives. And, in 

the Trust Company, his young son has a 

dependable advisor who, in understand

ing cooperation with certain relatives, will 

guide and care for him until he becomes a 

man. Through occasional visits and meet

ings he will come to realize that First 

National City Trust is a friend he can 

always rely on. 

So here he is with his banker pal, on a 

surprise Saturday afternoon at the Zoo, 

looking the big cats straight in the eye. 

Our booklet, called "WHAT YOU SHOULD 

KNOW ABOUT PERSONAL TRUSTS" might be 
a good thing for you to look straight in the 
eye. A free copy is yours for the asking. 
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Automation cut its teeth on the 
... how ITT's early work in telephony advanced 
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telephone 
the art of automation The dial telephone exchange was one of the first 

examples! Today, automatic switching and new 
electronic techniques for automation are altering the 
operations of virtually every business and industry. 

It was natural that ITT System companies, 
pioneers in the first, should be leaders in the second. 

Customers have ranged from mail-order houses, 

railroads, libraries and oil companies to the air 
forces of several NATO governments. 

There have been dramatic results. 
One example is the automatic check-processing 

system developed by ITT System companies for one 
of the nation's largest banks. It codes, sorts and 
verifies checks. It performs all normal bookkeeping 
and accounting operations for demand deposits. 

Another is the automation system for a large steel 
mill which records the program of requirements for 
every job, then feeds back information to produc
tion control centers as each phase is completed. 

Still another: the first automatic U. S. post office, 
now under construction in Providence, Rhode Island. 

Hundreds of others could be cited. Each required 
a complete understanding of automation from the 
design of a simple switch to the functioning of a 
fully-integrated electronic complex. 

The ITT System has many specialists in this field. 
Among them: Intelex Systems Incorporated in re
tained-document automation; Kellogg Switchboard 
and Supply Company in automatic switching; Air
matic Systems Corporation in automatic-switch 
pneumatic tube and document-conveyor systems; 
ITT Federal Division in automatic test equipment, 
both military and industrial. ITT's European sub
sidiaries add to this experience. 

To learn more about ITT's abilities in the area of 
automation, write for further information . 

. . . the largest American-owned world-wide electronic 
and telecommunication enterprise, with 101 research 
and manufacturing units, 14 operating companies 
and 130,000 employees. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Broad Street, New York 4, N. Y. 

ITT COMPONENTS DIVISION . ITT FEDERAL DIVISION • ITT INDUSTRIAL PRODUCTS DIVISION . ITT LABORATORIES . INTEL.EX SYSTEMS INCORPORATED 

AIRMATIC SYSTEMS CORPORATION • KELLOGG SWITCHBOARD AND SUPPLY COMPANY · ROYAL ELECTRIC CORPORATION • AMERICAN CABLE 81 RADIO 

CORPORATION · FEDERAL ELECTRIC CORPORATION · ITT COMMUNICATION SYSTEMS, INC • •  INTERNATIONAL. ELECTRIC CORPORATION . INTERNATIONAL. 

STANDARD ELECTRIC CORPORATION . l.ABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 
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MAJOR BREAKTHROUGH 
IN ULTRASONIC TECHNOLOGY! 

In determining which ultrasonic cleaner to buy, 

remember that all ultrasonic cleaners are not 

alike. There is variation in uniformity of cavitation. 

There is variation in the transducer - and the 

transducer is the heart of an ultrasonic cleaner. 

The Multipower transducer developed by 

Acoustica research. multiplies the power and efficiency of ultrasonic 

action. Cleaning is faster. labor costs are lower. 

Acoustica ultrasonicdeaners are engineered and produced to the finest 

standards, unequaled in quality and value. Off·the·shelf in capacities 

from 1 to 75 gal. or custom built to 5000 gal. Expert Acoustica engineers 

can help you with your cleaning problems. 

NEW YORK 
LOS ANGELES 

Send for further information. 

~ aCOUSICa 
LEADER IN ULTRASONIC RESEARCH AND DEVELOPMENT 

©1959 By Acoustica Associates. Inc. 
••••..... . ........... . ..........•..•...•............... ......... .........• : 

· 
· 
· 
· 
· 
· 
· 
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Acoustica Associates. Inc. 
Dept. SA. Fairchild Court. Plainview. N. Y. 

Send information describing advantages of Acoustica ultrasonic cleaners, 

Name __________________________________________________ __ 

Company' ________________________________________________ _ 

Address' ________________________________________________ _ 

City' ____________________________ .LZ,one __ State' ____________ _ 

THE AUTHORS 
HERBERT FRIEDMAN ("Rocket 

Astronomy") is superintendent of the 
Atmosphere and Astrophysics Division 
of the Naval Research Laboratory. He 
graduated from Brooklyn College and 
in 1940 received a doctoral degree in 
physics from Johns Hopkins University. 
After a year as a physics instructor at 
Johns Hopkins he joined the Naval Re
search Laboratory, where he became 
head of the Electron Optics Branch. 
For the past 10 years he has been en
gaged in research by means of rockets. 
At present his primary concern is the 
instrumentation of earth satellites. 

DEREK J. DE SOLLA PRICE ("An 
Ancient Greek Computer") is a fellow 
of the Institute for Advanced Study in 
Princeton, N. J., where he studies an
cient astronomy and the history of scien
tific insb·uments. He acquired an inter
est in the latter subject while working as 
laboratory assistant in a British techni
cal college. Price is a Londoner by.birth 
and a graduate of the University of Lon
don, from which he received a Ph.D. 
degree for his World War II research in 
experimental physics. "After holding a 
Commonwealth Fund Fellowship in 
mathematical physics at Princeton Uni
versity and a lectureship in mathematics 
at the University of Malaya in Singapore 
I returned to England in 1950," he says. 
"Out of chagrin at not being able to 
cover all parts of physics and mathe
matics at the research front, I contrived 
to deal with 'science in the large' in the 
humanistic tradition, and proceeded to 
a second Ph.D. (from the University of 
Cambridge) in the history of science." 
For his second doctoral dissertation 
Price edited a medieval English text on 
astronomy. This work drew considerable 
attention because of two claims made by 
Price: that the work was by Geoffrey 
Chaucer and that it was the only extant 
manuscript in Chaucer's own handwrit
ing. Price returned to the U. S. two years 
ago to help plan the Smithsonian Insti
tution's new National Museum of His
tory and Technology . 

HARRY F. HARLOW ("Love in In
fant Monkeys") is George Cary Com
stock Professor of Psychology and head 
of the Primate Laboratory at the Uni
versity of Wisconsin. He received his 
A.B. from Stanford University in 1927 
and his Ph.D. from the same institution 
in 1930, the year in which he joined the 
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TECHNOLOGICAL LEADERSHIP IN SEMICONDUCTORS 
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How DATAC rates seIlliconductors 

Now in operation at Sylvania's Semiconductor 
Division is DATAC, Digital Automatic Tester 
and Classifier. Designed and developed by engi
neers of the Division, it automatically subjects 
semiconductors to 16 separate tests and classifies 
them into as many as 256 different categories at a 
speed of 1500 per hour. DATAC rates each semi
conductor on each test. It compares the final test 
results with predetermined standards and then 
places each unit in its proper category. Replaceable 
plug-in test modules enable Sylvania's DATAC to 
test for an almost infinite variety of electrical 
and mechanical characteristics and parameters. 

For the circuit designer . . .  DATAC means new 
uniformity and higher quality in semiconductors. 
It eliminates damage due to excessive handling 
and reduces human error to a minimum, assuring 
duplicate performance from unit to unit. Continu
ous operation has proved test accuracy within a 
tight 0.5 percent limit for all parameters. The end 
result is a new standard of excellence in semi
conductor devices. 

At Sylvania, technological achievements like 
DATAC are in progress every day. Always, the 
objective is to produce the best possible semi
conductor at the lowest possible cost. 

�SYLVANIA SYLVANIA ELECTRIC PRODUCTS INC. 

Semiconductor Division 
100 Sylvan Rd., Woburn, Mass. 

Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 
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WHO DO YOU HIRE 
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to do what's never been done before? 
Could your research and devel
opment program move faster if 
you had expert aid in scaled sim
ulators ... photo interpretation 
. . . field tests of instrumenta
tion? In evaluation of guidance 

and positioning systems? Or 

technical aid in the fields of 
geodesy, airborne geophysics, 

topographic mapping or related 
activities? 

Aero Service Corporation is the 
largest company in the world 
engaged in this range of activi
ties. Its many skills and 40 years' 
experience may greatly advance 
your special project. Two exam
ples of Aero's work ... 

....... 

MAPPING A NATION 
Problem: photograph and trilat
erate an entire 500,000 sq. mi. 
nation. From rugged mountain 

tops accessible only by mule 
train or air drop, Aero crews 
provided a Shoran trilateration 
network. Air photos were made 
from 30,000 ft. in Shoran
guided B-17. Electronic data 
processing furnished positional 
control for whole area. 

SCALED SIMULATORS 
Problem: simulate a target area for photo intelligence studies. Aero 
constructed a model, exactly to scale, showing an industrial area with 

refining and factory complexes; rural areas; harbors and bridges; 
military installations. By photographing at various scales, different 
altitudes are simulated. Lighting simulates time and season. Similar 
mock-ups, precisely to scale, can be made of any military, industrial 
or other areas for briefing ... intelligence studies ... other uses. 

Aero is ready to engage in assignments ranging from a pilot study to 
large-scale operations in remote areas. Our engineers will be glad to 
detail our capabilities. Or write for special facilities report. 

AERO SERVICE CORPORATION, Philadelphia 20, Po. 

Oldest flying Corporation in the world 

\Visconsin faculty. Harlow is currently 
president of the American Psychological 
Association. 

ANTHONY H. ROSE ("Beer") is a 
lecturer in microbiology at Heriot-Watt 
College in Edinburgh, Scotland. He 
studied industrial fermentation at the 
University of Birmingham, from which 
he graduated in 1950. In 1954 he ac
quired a Birmingham Ph.D. in applied 
biochemistry and, in addition, one of the 
first King George VI Fellowships of the 
English-Speaking Union, which brought 
him to the Institute of Microbiology at 
Rutgers University. Later he was drafted 
into the Royal Air Force as an education 
officer and held a fellowship in fermen
tation in the National Research Council 
of Canada. 

LIONEL S. PENROSE ("Self-Re
producing Machines") is Galton Pro
fessor of Eugenics at University College 
London. He pursued his undergraduate 
studies at St. John's College in the Uni
versity of Cambridge, then studied med
icine at St. Thomas's Hospital in Lon
don. In 1928 he became a member of 
the Royal College of Surgeons and a 
licentiate of the Royal College of Physi
cians (the licensing bodies for physi
cians for England and for London, re
spectively). Two years later he obtained 
at Cambridge the degree of M.D. (in 
British practice an advanced research 
degree). During the 1930s Penrose was 
research medical officer of the Royal 
Eastern Counties' Institution of Colches
ter. From 1939 to 1945 he directed psy
chiatric research for the Canadian prov
ince of Ontario. 

ARTHUR UHLIR, JR. ("Junction
Diode Amplifiers") is director of semi
conductor research and development at 
Microwave Associates, Inc. He studied 
chemical engineering at the Illinois In
stitute of Technology, where he was 
class valedictorian at his graduation in 
1945. For several years he was an en
gineer in the employ of the Armour 
Research Foundation working on fluid 
mechanics and thermodynamics. He 
then studied physics at the UniverSity 
of Chicago under an Atomic Energy 
Commission predoctoral fellowship, ac
tluiring his Ph.D. in 1952. 

G. P. WELLS ("Worm Autobiog
raphies") is professor of zoology at Uni
versity College London. He is the elder 
son of H. G. Wells (G. P., H. G. and Sir 
Julian Huxley were the three co-authors 
of a well-known popular work on biolo
gy: The Science of Life). Wells gradu-
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HUNTER-KILLER 
T E A M T 

NTDC'S' ANTI-SUB TACTICS TRAINERS BY ERCO; 

AD-SN. PSM-1. S2F-1. ZSG-4. 

P2V-S. P2V-7 ... AND NOW THE S2F-3. 

PROVIDE INTEGRATED CREW TRAINING 

FOR THE MEN SAFEGUARDING OUR 

SHORE-LINES. THIS LATEST ERCO 

7-MAN TEAM TRAINER SIMULATES ALL 

ASPECTS OF ANTI-SUBMARINE 

WARFARE FROM SEARCH. TO TRACK. TO KILL. 

R 

C� 'NAVAL TRAINING DEVICE CENTER 

N 
ERCO "AI ""� TO 'Ill TH ' " ITS .. TO MAN TN ""A". 

A I N I N G 

• Man-machine task analysis {instructor and crew}

maximum learning transfer. 

• Automotic self-checking system-maximum utiliza

tion through minimum maintenance. 

• Complete environmental realism. 

• Completely activated tactical equipment. 

• Largest magnitude simulator for team training. 

NUCLEAR PRODUCTS-ERCO. DIVISION OF 
aCf' INDUSTRIES. INC .. RIVERDALE. MARYLAND 

AMERICAN CAR AND FOUNDRY * AVION CARTER CARBURETOR * SHIPPERS CAR LINE * W·K·M 
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MISSILE DESIGN WITH HITeo IN MIND 
HITCO is one of the world's leading developers and manu
facturers of ultra-performance thermal materials capable 
of resisting extremely high temperatures, even up to 
IS,OOO·F. for short duration! Call or write us for 
Capabilities Brochure and complete Technical Data. 

H. I. THOMPSON FIBER GLASS CO. 
1733 Cordova Street· Los Angeles 7. Calif . • REpublic 3·9767 

• REFRASll Materials 

• HIlCO Metal Blankets 

• THERMO·COUSTI Materials 

• THOMPSQglas Materials 

• ASTROLITE Reinforced Plastics 

• HITCORE Structural 
Core Materials 

WRITE FOR INFORMATION· WRITE FOR INFORMATION 
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MOTION PICTURE 

FILMS 
are the best means to 

sell • • .  teach 
• • .  influence! 
Find out why the mo· 
tion picture depart· 
ments of the nation's 
leading companies 
and professional film 
producers prefer the 
ARRIFLEX®16 . . •  the 
world's most versa· 
tile, money saving 
production camera. 

"�"���-� --- I 
division of I 

����!!!��P�HO�T�O�CORPORATION I 
I .2575 Fourth Ave •• New York 10. N. Y. I 1 name ----------- 1 
I address I I.!ity ------ zone �� ___ J 

ated from the University of Cambridge,. 
then spent a year at Harvard University 
and another year at the Marine Biologi- r 
cal Laboratory in Plymouth, England,. 
before his appointment as a lecturer at 
University College London in 1931. 

MEYER FORTES ("Primitive Kin
ship") is currently in residence at the: 
Center for Advanced Study in the Be
havioral Sciences in Palo Alto, Calif. He: 
is on leave of absence from the Univer
sity of Cambridge, where he is William 
Wyse Professor of Social Anthropology 
and a fellow of King's College. Forfes: 
received his undergraduate training at 
the University of Capetown in his native 
South Africa, where, he says, "It was al
most inevitable that I should become: 
concerned with the race question." As: 
a student of race psychology at the Lon� 
don School of Economics and University 
College London, he attempted for three: 
years tp design a nonverbal cross-cultur, 
al intelligence test. The techniques he· 
worked out have since been developed 
into the widely used Progressive Ma
trices Test. Fortes, however, ceased to 
believe in the possibility of a truly cul
ture-free assessment of intelligence. As 
a sideline he had worked in a London 
child-guidance clinic, and he observes: 
"I could not help discovering that eco
nomic and other social disabilities pro
duced some kinds of personality dis
ability and some degree of intellectual 
retardation." To sharpen his under
standing of these social factors, Fortes 
abandoned laboratory 'psychology for a 

year's study of juvenile delinquency in 
London's East End. At the same time he 
came under the influence of two psycho
analytically oriented anthropologists: C. 
G. Seligman and Bronislaw Malinowski. 
For 18 months he studied anthropology 
at the University of London under Selig
man and Malinowski. Then he went to 
the Gold Coast (now Ghana) , where 
for most of four years he lived with the 
Tallensi tribe, studying their patterns 
of family life. In 1939 he was appOinted 
lecturer at the University of Oxford, 
where he studied family and kinship 
with the leading authority on these sub
jects, A. R. Radcliffe-Brown. Later, 
while on wartime service in the Gold 
Coast, Fortes studied an important ma
trilineal tribe, the Ashanti. 

I. BERNARD COHEN, who reviews 
Arthur Koestler's The Sleepwalkers in 
this issue, is associate professor of the 
history of science and of general edu
cation at Harvard University. He has 
contributed a number of articles to this 
magazine. 
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Frank L.Friedli, Manag�r En-Tronics Sales, The Cooper-Bessenter Corporation, reports on ... 

How automation pays off at Nantucket 

Nantucket Gas and Electric Company had a costly power 
plant problem caused by Nantucket's population variation 
from a normal 3500 to a summertime 15,000. Now, every
thing is under control with a fully automatic Cooper
Bessemer En-Tronics system. 

Peak load on this resort island requires three Cooper
Bessemer engines driving generators totaling 2950 kw 
capacity. The background photo shows this installation. 

The En-Tronics control system, shown in the other photo, 
makes possible unattended operation. It starts engines, puts 
them on the line when the load builds up, takes them off 
when not needed, maintains correct frequency at all times, 
and increases plant efficiency over manual control. It also 
improves plant reliability, sensing irregularities and taking 
corrective action quickly. 

Mr. C. G. Snow, Vice President of the Nantucket utility 
says, "It is expected that cost of the En-Tronics installation 
will be paid off rapidly from savings." 

Find out how this new automatic control can be applied 
to your advantage. Writ

.
e for free copy of new Bulletin E-88. 

BRANCH OFFICES: Grove City' New York· Washington' Gloucester 
Chicago ' Minneapolis, SI. Louis' Kansas City· Tulsa , New Orleans 
Shreveport· Houston ' Greggton • Dallas' Odessa · Pampa· Casper 
Seattle, San Francisco ' Los Angeles 

SUBSIDIARIES: Cooper-Bessemer of Canada, Ltd .... Edmonton 
Calgary· Toronto ' Halifax 
C-B Southern, J nco ... Houston 
Cooper-Bessemer International·Corporation ... New York · Caracas 
Mexico City 
Cooper·Bessemer, S.A .... Chur, Switzerland· The Hague, Netherlands 

GnURA, OFfiCES, MOUllr VIRIIOII. OHIO 

COM�.USO.S: IUC,".OCATING AND (INTI"UOAl., 
IHGINI 01 MOTOI DIIVIN 
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CAPABILITIES FOR DEFENSE 

Why Westinghouse designs advanced 
propulsion systellls lllore rapidly, 
llleets all requirelllents on tillle 

PRODUCTION POTENTIAl. The Aviation Gas Turbine Division at Kansas City has 
built more than 6,000 engines and associated spare parts. Engineering and Pro
duction experience with conventional gas turbine propulsion systems continues to 
be charocterized by high·quality, on-schedule performance. 

AUTOMATIC PRODUCTION TESTING, developed by West· 
inghouse, improves and speeds final pre-shipment testing. 
Test cell controls put engine through required tests auto
matically and record test results on the form prescribed for 
the engine log book. 

FLIGHT TEST OPERATIONS. Following thorough component testing 
under simulated operating conditions in the Low and High Power 
Laboratories, Westinghouse engineers at the AGT Division's Flight Test 
Center at NAS Olathe, Kansas, test all propulsion systems under actual 
flight conditions. 

EXPERIMENTAL DEPARTMENT. This specialized factory·within·a·factory 
converts ideas into working prototypes. Independent engineering, tool 
design, progress and material control, permit self·sufficiency. Above, 
blades of a test cell bound compressor rotor are checked for proper 
balance. 
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ROLLS-ROYCE INF ORMATION INTERCHANGE. A Rolls·Royce representotive, 
resident at the AGT Division, here discusses new design concept with Westinghouse 
technical management. The Rolls·Royce-Westinghouse ten-year agreement permits 
faster jet engine design and production cycles. 

AIR-COOLED TURBINE NOZZLES permit more efficient 
operations at higher temperatures. Design permits air to 
enter through wide slots on one side, pass through interior, 
and leave through smaller slots along blade's trailing edge. 
This cools the vane and lets turbine operate at higher 
temperatures. 

NEW FUEL INJECT OR DESIGN -fashioned 
from inexpensive plastic-is tested with 
colored water and air bubble mixture in this 
flow analogy test rig to predetermine its 
performance characteristics. Test minimizes 
time-consuming and costly testing previously 
required with expensive handmade metal 
prototypes. 

LINE-FLOW PRODUCTION. The a5-acre Kansas City plant 
of AGT is well adapted to line-flow production techniques. 
This system permits smoother and more efficient engine 
production . .. a characteristic of quality performance. 

VIBRATION AND STRESS ANALYSIS data are obtained in hours instead of days 
with this special Westinghouse-developed Strain Gage Analyzer. From signals 
recorded on 14 channel magnetic tape, the analyzer plots multiple continuous 
curves visualizing vibration frequency and strain at varying engine speeds. 

Westinghouse 
DEFENSE PRODUCTS 

1000 CONNECTICUT AVENUE, N. W., WASHINGTON 6, D. C. 

AIR ARM DIVISION 

AVIATION GAS TURBINE DIVISION 

ELECTRONICS DIVISION 

AIRCRAFT EQUIPMENT DEPARTMENT 

ORDNANCE DEPARTMENT 

YOU CAN BE � ... IF ITS Westi nghouse 
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The Making 01 a Nuclear Engineer 

Our nation's leadership in the 
expanding atomic age must rest on 
the technical abilities of those peo
ple now training to carry it on. The 
growing nuclear knowledge of our 
future scientists is being strongly 
fostered by this Nuclear-Chicago 
Subcritical Training Reactor Labo
ratory at more than a dozen im
portant American universities and 

colleges. Supplied with the Reactor 
are a carefully selected group of our 
radiation detection and recording 
instruments and specially developed 
experiments for student training. 
We will be glad to supply educa
tional institutions with full infor
mation on this unique nuclear train
ing program, or suggest other pro
grams suited to your curriculum. 

f.f II11C/ •• "· cAie'lo 
c C),,:r P O � ... -r/ C)'''''' 

® 247 WEST IIIE mEET • CHICAGO 10, ILLINOIS 
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It's leg i b i Ii ty 

at first sight 

... with BUTYRATE 

BUTVRATE 
an Eastman plastic 

T here's no mistaking the message of the Edco Tel-A-Flasher 
sign . .. and the panels, vacuum formed from sheet of Tenite 
Butyrate plastic, play a big part in getting that message 
across-immediately. 

Because of Butyrate's brilliant luster, these panels present 
an eye-catching, eye-pleasing appearance in daytime; and 
when the sign is internally lighted at night. the sharp con
trast of colorful letters with white background gives long
distance legibility. 

The low specific heat of Tenite Butyrate makes it an ideal 
material for sheet thermoforming. With Butyrate there is no 
need for special preheating oven equipment. Vacuum, air 
pressure, and mechanical methods are used with inexpen
sive molds on fast-cycle machines. Available in special 
weather-resistant formulations and popular sign colors, 
sheet of Butyrate can also be decorated with lacquers be
fore or after forming. 

T he outdoor sign industry is but one of many io take 
, advantage of the design and production flexibility of Tenite 
. 

Butyrate. In addition to its possibilities in sheet forming, this 
tough thermoplastic material can be rapidly injection 
molded or continuously extruded to serve a wide range of 
uses-from steering wheels to skin packaging; from tool 
handles to telephone housings. 

When your product needs call for a material that has 
superior impact and weather resistance, yet is light in 
weight. lustrous, easy and economical to form or fabricate 
-consider Tenite Butyrate. For additional information con
cerning its physical properties and uses, write to EASTMAN 

CHEMICAL PRODUCTS, INC .. subsidiary of Eastman Kodak 
Company, KINGSPORT, TENNESSEE. 

EDCO Tel-A·Flasher signs consist of individual letter panels 

which can be rotated within their frames to any desired angle. 

Panels are 15 "-diameter or 20"-diameter discs of Tenite Butyrate 

plastic with raised letters (11" or IS" respectively) vacuum 

formed into their surface. Manufactured and marketed by Electrical 

Development Company. 719 E. Madison, P. O. Box 3472, Phoenix, 

Arizona. Butyrate sheet extruded by Jet Specialties Co" Inc .• 

Los Angeles 63, California. 
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HOW TO MAKE A "LEFT TURN" IN OUTER SPACE 
Bendix®, which makes controls for 
almost everything that rolls, flies or 
floats, has developed a practical, pre
cision method for steering and con
trolling the attitude of space vehicles. 

It was a tremendous feat to place 
a satellite in orbit. But when out in 
space there was no means for chang
ing its direction. Nor was there any 
provision to keep it in a desired atti
tude or to prevent it from tumbling 
over and over. To put a man on the 
moon it will be necessary to steer the 
space ship to a selected lunar loca
tion, to prevent it from tumbling 
crazily, and to land it right side up. 

The Bendix devices which repre
sent a major step toward the ultimate 
control of man-made objects in space 
are a series of gas reaction controllers 

(actually miniature rockets). A number 
of these are mounted around the 
satellite. Individually controlled by a 
built-in intelligence system within 
the satellite, they emit metered jets 
of gas on signal whenever it is 
necessary to change the position of 
the satellite. Since there is no air 
resistance in space, a small amount of 
thrust from the tiny rocket is enough 
to do the job. 

This is but one of the space con
tracts which we have secured. Others 
include the development of control 
rod drive mechanisms for an AEC 
nuclear-powered rocket and mass 
spectrometers which can make thou
sands of analyses per second of the 
upper atmosphere in which rockets 
or satellites are traveling. In addi-

tion, we are making nuclear radiation 
investigations to definitely determine 
how various products and materials 
stand up under varying degrees of 
radiation-knowledge important to 
the operation of nuclear power plants 
for aircraft and space vehicles. 

So that missiles and space vehicles 
may report their in-flight progress we 
build telemetering systems which 
transmit back to earth as many as 
500 channels of information. 

Because both space and missile 
projects have much in common, it is 
important to mention that in addi
tion to building the Talos missile for 
the Navy we are also responsible for 
developing the Navy's newest missile, 
the "Eagle." We also furnish major 
systems for missiles of all types. 

A thousand products a million ideas 
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Presenting � 5240 Electronic Counter 

Ne� 8-decade numerical readout! 
-

Ne� 5/108 per week stability! 
-

SPECI.FICATIONS 
(Basic 5240 without plug-ins) 

Frequency: 

Range: 10 cps to 10.1 MC 

Gate Time: 0.001, 0.01, 0.1, 1, 10 sees or 
manual 

Accuracy: ± 1 count ± 0.000005 % 

Reads in: KC. Automatic decimal 

Period: 

Range: a cps to 10 KC 

Gate Time: 1 or 10 cycles of unknown 

Accuracy: ± 0.3% 11 period) 
± 0.03% 110 period overage) 

Stan. Freq. Counted: 10 cps, 1 KC, 100 KC, 
or 10 MC, or external 

Reads in: Sees, msec, p'sec 

General: 

Registration: 8 places 199,999,999 max.) 

Stability: 5/100,000,000. May be standardized 
with WWV or external 100 KC or 1 Me 
primary standard. 

Display Time: Variable 0.1 to 10 secs; or 
"Hold" 

Input Voltage: 1 v min, 1.5 v peak. Rise time 
0.2 seconds max. 

Input Impedance: Approx. 1 megohm; 40 p.p.f 
shunt. 

Price: $2,150.00 f.o.b. factory. 

Data subject to change without notice 

plus all these frequency and time measuring advantages! 

Direct, instantaneous, automatic readings 

Frequency coverage 10cps to 220 MC* 
Time interval 1 [lsec to 100 days 

Resolution 0.1 [lsec 

High sensitivity, high impedance 

No calculation or interpolation 

New convenience of uniform 8-decade numerical readout without meters 
- new 5 parts in 108 stability simplifying standards and other micro
wave measurements - this is the capsule story of the new -lIp- 524D 
Electronic Counter. 

Electrically similar to the widely used -hp- 524B Counter, the new 524D 
provides for full frequency measurements from 10 cps to 10 MC and 
period measurements from 0 cps to 10 MC. Low cost plug-in units ex
tend frequency measuring range to 220 MC, permit period measurements 
of over 10,000 periods, and increase sensitivity for precise measurement 
of weak signals. Still another plug-in provides for time measurements from 
1 fLsec to 100 days with 0.1 fLsec resolution. When used with -lIp- 540A 
Transfer Oscillator, the 524D will measure accurately to 12 KMC. For 
complete details, write or call your -lIp- representative; or write direct. 

HEWLETT-PACKARD COMPANY 
5022S PAGE MtLL ROAD · PALO ALTO, CALIFORNIA, U.S.A. 

CABLE "HEWPACK" • DAVENPORT 5·445t 

·with plug-ins fIElD REPRESENTATIVES IN ALL PRINCIPAL AREAS 

� world's most complete line of electronic counters -
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Rocket Astronomy 

Rockets which briefly soar above the greater part of the earth's 

atmosphere, where short wavelengths such as the ultraviolet are 

filtered out, have gathered new information about the universe 

W
e perceive only a few octaves of 
the radiance of the cosmos 
when we look out through the 

sky. The sun and the other stars, the 
great clouds of interstellar dust and gas 
and the moon and the planets together 
flood the universe with radiant energy 
on all wavelengths of the electromag
netic spectmm, from the shortest gamma 
rays out to the longest radio waves. On 
earth, however, all we can see is the 
radiation admitted through two "win
dows" in our atmosphere: one open to 
visible light; the other, to the band of 
radio waves from one centimeter out to 
40 meters. The atmosphere absorbs or 
reflects back into space all other wave
lengths. No radiation of wavelength 
shorter than 2,850 angstrom units reach
es the ground; the harsh ultraviolet rays, 
X-rays and gamma rays are absorbed by 
interaction with the atoms and atomic 
particles in the thin upper reaches of the 
atmosphere, at 16 miles and above. Life 
could of course not exist without this 
shelter; if such energetic radiations 
could penetrate the atmosphere, they 
would prevent the formation of the 
large molecules of living matter. But 
these same radiations bear so much in
formation about the processes of the uni
verse that astronomers have dreamed of 
the day when they could set up their 
instmments in outer space. 

That day is now at hand. During the 
past 10 years rockets have been giving 
us our first glimpses of how the universe 
looks at wavelengths shorter than those 
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of visible light. The glimpses last only 
two to five minutes, as the rocket coasts 
around the top of its trajectory, and 
rockets provide highly unstable plat
forms for our instmments. But we have 
made some unexpected discoveries and 
have beheld some marvelous sights. The 
dominant color of the nearby universe 
appears to be a far ultraviolet, at the 
wavelength of 1,216.7 angstroms, al
most two octaves higher in frequency 
than the violet edge of the visible spec
trum. The sun shines more brightly at 
this so-called Lyman-alpha line than at 
any other; if our eyes could perceive the 
Lyman-alpha radiation in the night sky, 
its diffuse glow would overwhelm the 
other radiations of the stars. Elsewhere 
in the universe vast clouds of dust and 
gas shine so brightly with ultraviolet light 
that they hide the hot stars that generate 
this energy in their interiors. Since the 
sun is the nearest star, we have the most 
to report about it. We have now ex
plored the major features of the solar 
spectrum down to one-angstrom X-rays, 
and we have deepened our understand
ing of how the sun interacts with the 
earth's atmosphere. The abundant yield 
of these first ventures into space makes 
it plain that a major fraction of all fu
ture astronomical investigation will be 
carried on from stations above the at
mosphere. 

The rocket astronomer relies on the 
same two instmments-the telescope and 
the spectroscope-that are employed by 
his earth-bound colleagues. But a rocket 

is mostly fuel and engine and allows little 
space and weight for the observatory 
payload. A small solid-propellant system 
such as the Nike-Asp can carry about 
two cubic feet of instmments weighing 
about 50 pounds to an altitude of 150 
miles; the larger Aerobee-Hi rocket ac
commodates about 10 cubic: feet and 
200 pounds of payload on a trip to the 
same altitude. The firing of a larger 
liquid-fueled rocket involves lengthy 
preflight preparations, and firing time is 
frequently dictated by considerations 
other than the best moment for the ex
periment. But even though the solid
propellant rocket offers greater freedom 
of operation, its explosive start may sub
ject its instmmentation to the shock of 
transient accelerations amounting to 
several hundred times that of gravity. 

The instruments must be designed to 
function with the vehicle in erratic 

motion. It has been the practice to stabi
lize the rockets in flight merely by caus
ing them to spin, like a rifle bullet, on 
their long axes; the rocket may nonethe
less wobble about its spin axis, enter a 
flat spin or tumble. When the sun is to be 
observed, such behavior reduces the 
available exposure time to a small per
centage of total flight time; this can be 
offset to a certain degree by the use of 
sun-following devices and biaxial point
ing-controls. 

The recovery of exposed film intro
duces the final set of design problems. 
The film-holder must be strong enough 
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SIX ROCKETS WERE FIRED from the U.S.S. Point Defiance to 

make observations of the sun's radiation during the Pacific eclipse 

of October 12, 1958. At top the rockets al·e ready for firing. At 

bottom the fourth rocket is fired in the darkness of the eclipse. 
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"WINDOWS" in the earth's atmosphere which admit electromag· 

netic radiation are indicated by the unhatched areas in this chart of 

the electromagnetic spectrum. The shorter wavelengths are meas· 

ured in angstrom units (A.) or microns (p.). To the left of the win· 

to withstand the impact of coming to 
earth; if it is to be recovered at sea, it 
must float. In the latter case a radio 
transmitter must be included to broad
cast its position. Telemetering the 
measurements while the rocket is aloft 
eliminates some of these problems but 
introduces limitations of its own. Wheth
er the precious instrumentation suc
ceeds or fails in its mission, it is almost 
invariably destroyed upon falling to 
earth. 

The sun was the first object to be 
studied by rocket astronomy. The initial 
objective was to get pictures of the 
solar spectrum in the ultraviolet, where 
spectral emission and absorption lines 
hold clues to so many aspects of the sun's 
constitution and behavior. But early ef
forts to obtain spectrograms of this big
gest and brightest of all targets met with 
so many misfortunes that the spectro
graph was supplemented by simple 
photon-counters and ion chambers tuned 
to narrow bands of wavelengths. For ex
ample, a chamber filled with nitric-oxide 
gas (which is ionized by wavelengths 
below 1,350 angstroms) and with a 
window of lithium fluoride (which is 
transparent to wavelengths above 1,060 

I 
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::c 

2:: 
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angstroms) gives us a detector that re
sponds only to wavelengths from 1,060 
to 1,350 angstroms. This band of course· 
includes the Lyman-alpha line at 1,216.7 
angstroms. More recently Richard Tou
sey and his associates at the Naval Re
search Laboratory have secured spectro
grams of high resolution down to 584 
angstroms, using a spectrograph with a 
concave diffraction grating. Improve
ments in coatings that reflect ultraviolet 
radiation will soon make it possible to 
record the Lyman-alpha region with fine 
resolution in hundredths of a second. 

From the spectrograms and photon
counter readings made to date we have 
been able to plot an approximate map of 
the solar spectrum over the entire short
wavelength region. The sun's visible 
spectrum (from 4,000 to 7,000 ang
stroms) tells us that the photosphere 
(the surface of the sun as seen in white 
light) has a temperature of 6,000 de
grees Kelvin (degrees centigrade above 
absolute zero) . In this region of the 
spectrum thousands of dark absorption 
lines indicate the presence of cooler 
gases, with temperatures as low as 4,000 
degrees K., in the upper layers of the 
photosphere. The first rocket spectro-

...... -
2:: 

...... 
::i 

0 0 

II 

grams reaching to 2,000 angstroms in 
the ultraviolet indicated a brightness 
and apparent temperature of 5,000 de
grees, and measurements with photon 
counters out to 1,200 angstroms extend
ed this trend of decreasing brightness 
down to 4,000 degrees. Apparently the 
decrease in solar emission in this spec
tral region is due to the crowding to
gether of the absorption lines of the 
cooler gases in the upper photosphere. 
'Spectrograms of higher resolution will 
reveal the abundance of the many rare 
constituents of the solar atmosphere 
( e.g., the halogens, arsenic, selenium, 
tellurium and radon) which give rise to 
these lines. At 2,100 angstroms the ab
sorption lines are so crowded that they 
become almost continuous; they finally 
disappear at about 1,700 angstroms. 

B elow 1,600 angstroms the rocket 
spectrograms begin to provide in

formation about the sun's chromosphere. 
This transition region, about 10,000 
miles deep, between the comparatively 
cool photosphere and the million-degree 
solar corona is visible during eclipses as 
a thin red ring. It derives its red color 
from the hydrogen-alpha emission line 

...... ...... ...... ;>- ...... ...... ...... 
� "" u Z c:o..o z 
I�---�I I I \A I 

I 
700 A. 800 A. 900 A. 1,000 A. 1,100 A. 

ULTRAVIOLET SPECTRUM of the sun was made on March 13 

from a Naval Research Laboratory Aerobee rocket which rose to a 

height of 123 miles. The spectrum shows about 100 ultraviolet 

emission lines: 60 more than had been observed previously. Of the 

Jines labeled here, the brightest is the Lyman.alpha line of hy. 
drogen (a). The additional Greek letters indicate other lines of 
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dow at left are three important spectral lines to which the atmos

phere is opaque: the 304-angstrom line emitted by singly ionized 

helium (A), the 584-angstrom line emitted by un-ionized heli

um (B) and Lyman-alpha line emitted by un-ionized hydrogen (C). 

at 6,563 angstroms in the visible spec
trum. In the ultraviolet region the chro
mosphere radiates strong emission lines, 
many of them associated with highly 
ionized atoms of oxygen, nitrogen, car
bon, silicon and helium. 

The chromosphere is also the source 
of the sun's powerful Lyman-alpha radi
ation at 1,216.7 angstroms. This is the 
primary resonance wavelength of hydro
gen; it is associated with the jumping of 
the atom's single electron between its 
first and second energy levels or shells, 
a photon being absorbed when the elec
tron jumps to the second shell and emit
ted when it falls back to the first shell. 
'Since hydrogen is by all odds the most 
abundant constituent of the sun and of 
the universe as a whole, it is no surprise 
that Lyman-alpha radiation is so prom
inent in the solar spectrum and in the 
universe. 

From the solar X-ray spectrum (be
low 100 angstroms) we have gained new 
insight into the nature of the corona and 
its interaction with the earth's atmos
phere. The hot, tenuous gas of the coro
na, reaching millions of miles out into 
space, is visible only during solar 
eclipses; it is so thin that faint stars can 
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be seen through it, and comets traverse 
it without detectable drag. Since rocket 
investigations of the X-ray spectrum 
have so far been conducted only with 
narrow-band photo detectors, the dis
tribution of energy in this region is not 
yet fully plotted. The peak of emission at 
about 60 angstroms, observed when the 
sun is quiet, indicates that the corona has 
a steady temperature of 500,000 de
grees. When the sun is disturbed by the 
passage of sunspots and other manifesta
tions visible in the photosphere, it is be
lieved that the corona develops local 
condensations in which temperatures 
rise to millions of degrees [see "Hot 
Spots in the Atmosphere of the Sun, " by 
Harold Zirin; SCIENTIFIC AMERICAN, Au
gust, 1958]. Although rocket measure
ments are still scanty, they support this 
belief; they show X-ray emission in the 
extremely short wavelengths of five or 
six angstroms, which indicate extreme
ly high temperatures and are well corre
lated with other symptoms of solar dis
turbance. 

Before the advent of rocket astronomy 
our understanding of solar ultraviolet 
and X-ray emission was predicated upon 
the indirect evidence of the behavior of 

...... 
-

the ionized layers of the earth's upper 
atmosphere. The daily cycle of growth 
and decay in the density of electrons at 
altitudes between 50 and 200 miles is 
a plain indication of the ionizing action 
of these high-energy radiations. Now, 
with the direct records of the sun's emis
sion in this region of the spectrum, we 
have acquired a clearer understanding 
of what goes on in our ionosphere. We 
can see that the Lyman-alpha radiation 
induces the formation of the lowest, or 
"D," region of the ionosphere (45 to 55 
miles) by ionizing nitric oxide, even 
though this compound is present only in 
a concentration of one part per million. 
The "E " region (60 to 80 miles) can be 
attributed principally to X-rays from the 
quiet corona, which ionize any of the 
atmospheric gases. It has been known 
that the electron density of the E region 
varies in perfect harmony with sunspot 
number; now rocket observations reveal 
a similar correlation with solar X-ray 
emission. When the sun is active, the in
creased intensity of X-rays arriving in 
the E region increases the over-all elec
tron density, and the output of harder 
and more penetrating X-rays in the five
to 20-angstrom band spreads the E re-
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- ...... 
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hydrogen. The other symbols denote lines emitted by the variously 

ionized atoms of helium (He), oxygen (0), magnesium (Mg), 

carbon (C), nitrogen (N), silicon (Si), sulfur (S), iron (Fe) and 
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aluminum (AI). The Roman numerals refer to the number of 

electrons removed from the atom. The experiment was designed 

by J. D. Purcell, D. M. Packer, W. D. Hunter and Richard Tousey. 
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gion to lower altitudes. In the top, or 
"F," layer of the ionosphere, most of the 
ionization is apparently caused by the 
far�ultraviolet emission of the principal 
resonance line of singly ionized helium, 
at 304 angstroms. 

T he most impressive disturbances of 
the ionosphere, associated in human 

affairs with the blackout of radio com
munications, have been found to coin
cide with the most spectacular event ob
served on the face of the sun: the solar 
flare. A flare begins as a local brighten
ing in the vicinity of a sunspot group, 
visible in the red hydrogen-alpha line. 
In a few minutes it may flash to 10 times 
the brightness of the surrounding photo
sphere and spread over hundreds of mil
lions of square miles. Almost simultane
ously a burst of ionizing radiation an
nounces the event in the terrestrial at
mosphere by a sudden short-wave radio 
fade-out. This effect was traced some 
time ago to increased ionization in the D 
region. A principal objective of rocket 
astronomy during the sunspot maximum 
of the International Geophysical Year 
was to get a direct measurement of the 
ionizing radiation which causes these 
effects in association with solar flares. 

It is no easy matter, however, to fire 
a rocket during a solar flare. Even in a 
sunspot maximum there may be only one 

interesting flare in each 50-hour period. 
To catch such a transitory event re
quires push-button rocketry. In 1956 the 
trap was set by launching a "rockoon"
a small solid-propellant rocket hoisted 
through the lower atmosphere by a bal
loon-from the deck of a ship in the 
Pacific Ocean early in the morning on 
each of 10 days. The ship would track 
the balloon, floating aloft at 80,000 feet, 
waiting to fire the rocket upon receipt of 
word that a flare had been detected. In 
10 tries only one small flare was caught. 
But the record of the X-ray signals 
telemetered from the ionosphere clearly 
revealed a major enhancement and 
hardening of the X-ray spectrum. In 
August, 1957, a Naval Research Labora
tory station on tiny San Nicolas Island 70 
miles off the coast of California succeed
ed in firing a number of two-stage solid
propellant rockets within minutes after 
the appearance of solar flares. These 
soundings detected X-rays with wave
lengths as short as one or two angstroms 
in the output of large flares. Such hard 
X-rays imply temperatures as high as 10 
million degrees in the corona above the 
visible flare. 

As these observations suggest, the sun 
is an intricate engine with many local 
events and variations to be observed in 
the structure of its atmosphere. Until 
quite recently, however, solar physicists 
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had been concerned primarily with the 
sun's average characteristics, treating 
the photosphere, chromosphere and co
rona as if they were a series of homo
geneous concentric spheres. Then an ac
cumulating mass of observations showed 
that all three regions are intimately as
sociated in a dynamic complex of proc
esses involving sunspots and their mag
netic fields, bright local patches called 
plages, jets of hot gas called spicules and 
major eruptions in the form of promi
nences and flares. Rocket astronomers 
accordingly are now challenged to detect 
localized sources of ionizing radiation on 
the sun and to correlate these with the 
events observed in the visible spectrum. 

The ultraviolet image of the sun has 
already been photographed with 

high fidelity by a rocket camera designed 
by Tousey and his colleagues at the 
Naval Research Laboratory. This camera 
employs two concave diffraction-gratings 
to produce a pure monochromatic image 
of the sun in the Lyman-alpha line, with 
sufficient brightness to resolve detail 
down to 20 seconds of arc in an exposure 
of two hundredths of a second. The pic
ture made with it clearly shows that 
Lyman-alpha emission is enhanced in 
areas of bright hydrogen and calcium 
pi ages [see illllstratio-ns on pages 58 and 
59]. Still another camera may make it 

SKY MAP at the ultraviolet wavelength of 1,300 angstroms is based 

on another Aerobee flight. The numbers around tbe edge of the 

map denote declination (corresponding to geographic latitude) in 

degrees; the numbers across tbe middle, right ascension (cor

responding to longitude) in hours. The lines superimposed on 

these coordinates show where the rocket's photon counter scanned 

the sky as tbe rocket spun on its axis. The colored areas, which 

strongly emit ultraviolet radiation, are in Orion (A), Taurus (B), 

Canis Major (C), Puppis and Vela (0), Leo (E), Virgo (F) and 

Ursa Major (G). The area in Virgo is centered on the star Spica. 

56 

© 1959 SCIENTIFIC AMERICAN, INC



possible to secure a telemetered tele
vision-style picture of the sun. This sys
tem employs a mirror with a photo
detector mounted at its focus; by wob
bling the mirror the photodetector can 
be made to scan the image of the sun and 
report its readings to the ground. 

To record the X-ray image of the sun 
presents greater technical difficulties. 
Last fall, however, the Naval Research 
Laboratory seized an opportunity pre
sented by nature to secure a picture of 
the X-ray sun. The occasion was the 
South Pacific eclipse of October 12, ob
served by rockets fired from the deck of 
the U.S.S. Point Defiance. As the moon 
crossed the face of the sun, six rockets 
were launched in sequence to take turns 
measuring the X-ray and ultraviolet 
emission coming from the uneclipsed 
portions of the solar disk [see illustra
tions on page 53]. From the still incom
pletely analyzed data, it appears that at 
totality the ultraviolet emission dropped 
to a low level, while the X-ray flux re
mained at an appreciable fraction of the 
intensity of the uneclipsed sun. The 
X-ray picture of the sun reconstructed 
from these measurements resembles a 
doughnut: dark in the center, bright 
near the rim and somewhat larger than 
the visible disk. 

Emboldened by the progress of solar 
rocket-astronomy, our group at the Na
val Research Laboratory set out in 1956 
to investigate the ultraviolet and X-ray 
emissions of other stars. But the light 
from all the other stars combined adds 
up to only one billionth the light from 
the sun. To compound the difficulty, we 
could not expect to get more than the 
briefest glance at any piece of sky from 
our tumbling, spinning observatories. 
Talbot A. Chubb, Edward T. Byram and 
J. E. Kupperian, Jr., therefore fitted our 
first night rocket with the most sensitive 
photodetectors they could construct-in
struments responsive to one out of 10 
quanta of far-ultraviolet radiation. As 
the rocket cleared the top of the lower 
atmosphere the detectors were choked 
with an overwhelming flux of radiation. 
',\le had not been prepared to discover 
that the entire sky glows so brightly in 
the Lyman-alpha line. Counters op
erating on slightly longer wavelengths 
in the band from 1,230 to 1,350 ang
stroms, however, produced the first rec
ords of starlight in the far ultraviolet. 

In our next flight, early in 19.57, we 
determined to secure records of individ
ual ultraviolet stars. In order to restrict 
the angle of vision of our counters we 
equipped them with collimators made of 
bundles of short lengths of hypodermic 
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ULTRAVIOLET PHOTOGRAPH of the sun at left was made duro 

ing the Aerobee flight of March 13 . The three photographs to the 

right were made at the same time from the ground. The photo· 

graph at left was made by Lyman·alpha radiation. The second 

needles; the field of view through these 
tubes was about three degrees wide, 
roughly what you see when you look 
through a bundle of drinking straws. 
Clusters of four of these counters, 
tuned to the 1,230- to 1,350-angstrom 
band, were arranged around the rocket 
cylinder 120 degrees apart, and the 
counters in each cluster were pointed to 
sweep out a fan 30 degrees wide. vVhen 
the rocket was flown, this arrangement 
of instruments, combined with the com
plex motion of the rocket, successfully 
scanned a major portion of the celestial 
hemisphere. To locate the sources of 
emission picked up by the counters the 
rocket carried a magnetometer and air
glow detectors that continuously record
ed the orientation of the rocket with re
spect to the earth's magnetic field and 
the airglow horizon. These records, plus 
visible-light signals from the brightest 
stars, made it possible to achieve an ac
curacy of about one degree in transpos
ing the signal records to a map [see il
lustration on page 56]. 

� the map shows, we did not succeed 
in registering the discrete images 

of ultraviolet stars. Our survey yielded 
instead a completely unexpected and 
still unexplained discovery. vVhere we 
had hoped to find bright ultraviolet stars 
in the locations of extremely hot stars 
(identified by their visible-light im
ages) , the map shows extended regions 
of extreme ultraviolet brightness. The 
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brightest of these regions, in Orion, coin
cides with the familiar visible nebulosity 
surrounding the hot stars in that constel
lation. Even though the density of the 
particles in these clouds is about a ten 
million th th at of a good la bora tory vac
uum, the total volume of the clouds, 
20 to 25 light years in diameter, is so 
great that they can be seen by the naked 
eye. It is therefore not surprising to find 
that the same region glows brightly in 
ultraviolet radiation. What is surprising 
is that this nebulosity glows as brightly 
in the ultraviolet as it does in the visible 
spectrum, covers an even larger region 
of sky and overwhelms the ultraviolet 
images of the individual stars. No known 
mechanism can explain this emission. 

Even more puzzling is the ultraviolet 
nebulosity surrounding the star Spica. 
Analysis of the visible spectrum of this 
star had indicated that its temperature 
was 28,000 degrees. According to the
ory, such a hot star should ionize hydro
gen in surrounding space out to a dis
tance of 40 light-years, and this region 
should glow in the visible spectrum. But 
no visible nebulosity can be seen 
around Spica. In the ultraviolet spec
trum, however, our records show that 
the star generates a nebulosity that ex
tends over the vast space of 400 square 
degrees and has a surface brightness 
comparable to that of the nebulosity in 
Orion. In the midst of this bright cloud 
Spica itself remains hidden. But if we 
accept the temperature of 28,000 de-

grees, it should stand out 30 times 
brighter than its nebulosity. 

Before we can begin to understand 
the full significance of these observations 
we must secure readings in other regions 
of the spectrum and at much finer reso
lution. Fortunately the ultraviolet nebu
losities are so bright that we may con
fidently expect to resolve them in pho
tographic spectrograms and thus secure 
finer detail than can be achieved by 
photodetectors. 

Meanwhile the extended Lyman-al
pha glow, which apparently obliterates 
all objects radiating in its wavelength 
outside our solar system, presents an
other riddle for further investigation. A 
phenomenon of interplanetary space, it 
appears to be solar Lyman-alpha emis
sion that is reflected and diffused by res
onance from atoms of neutral hydrogen. 
In brightness it exceeds the combined 
intensity of all visible starlight. This of 
itself may give us a new measure of the 
density of matter in interplanetary 
space. Calculation from the observed 
flux shows that there must be a few 
tenths of a neutral hydrogen atom per 
cubic centimeter and, since the inter
planetary gases are 99 per cent ionized, 
about 100 times as many protons and 
electrons. 

\Ve must be cautious, however, in 
generalizing to interplanetary space 

from observations made in the vicinity 
of the earth. It may be that these gases 
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photograph was made at the Naval Research Laboratory by the 

red hydrogen.alpha spectral line; the third photograph, at the 

McMath·Hulbert Observatory by the "K" line of calcinm. The fonrth 

photograph was made at the U. S. Naval Observatory by white light. 

constitute an even more local phenom
enon, a kind of corona traveling with 
the earth. The noted geophysicist Syd
ney Chapman has postulated that the 
terrestrial hydrogen atmosphere reaches 
50 to 100 earth radii into space before 
it merges with the extended corona of 
the sun. Our rocket probes have so far 
operated well inside these dimensions. 
If the hydrogen that produces this dif
fuse glow is indeed restricted to the 
earth-moon system, it should be possible 
to map its distribution by measuring the 
variation in brightness with detectors 
carried aboard a moon-bound rocket. 

High-resolution analysis of the glow 
may also help to settle the question. The 
bright line of radiation that traverses a 
cold neutral gas will show a dark ab
sorption line at its center. If the Lyman
alpha glow in the night sky has its 
origin in interplanetary gases and is fil
tered by extended terrestrial hydrogen 
before it reaches our instruments, it 
should show such a line when it is ob
served in a direction away from the sun. 
Alternatively, if the glow is observed in 
the direction of the earth's motion on 
its orbit, the Doppler shift introduced 
by the velocity of the earth should be 
sufficient to displace the bright line of 
the glow away from the absorption line 
of terrestrial hydrogen. 

Though the Lyman-alpha glow consti
tutes an interesting feature of inter
planetary space, it extends into that 
region the barrier astronomy seeks to 

escape by carrying its instruments out
side the earth's atmosphere. The glow 
has so far prevented us from observing 
stars and interstellar hydrogen-clouds at 
this important wavelength. It may be 
possible to see through the glare if we 
can replace our hypodermic-needle col
limators with mirror telescopes; sharper 
angular resolution should improve the 
intensity of star signals with respect to 
the background. As the field of view is 
narrowed, however, it will be necessary 
to develop better pointing controls. An
other approach is suggested by the fact 
that the lines of emitted radiation tend 
to be broad, whereas resonantly scat
tered radiation is highly monochromatic. 
An instrument tuned to wavelengths just 
half an angstrom unit off center should 
be able to "see around" the night sky
glow and get a clear view of the broader 
Lyman-alpha emission line from hot 
stars. Such tuning should also make it 
possible to pick up the line from other 
sources displaced by the Doppler effect 
due to the earth's motion. 

A pessimistic note has recently been 
sounded by Lawrence A. Aller of the 
University of Michigan, to the effect that 
interstellar hydrogen may absorb almost 
all of the Lyman-alpha and shorter
wavelength radiation from even the 
nearest stars. The density of neutral hy
drogen in the plane of the galaxy may 
be such that only X-rays can penetrate 
to the earth from the galactic center. Per
haps the most immediate task of rocket 

astronomy is to map the sky for holes or 
regions of relative transparency. 

Rocket astronomy has not yet under
taken the observation of celestial objects 
in the X-ray spectrum. SUGh cosmic-ray 
sources as the Crab Nebula, however, 
have high priority in experiments now 
being designed and instrumented. At 
the other end of the spectrum rocket 
astronomers will have a special interest 
in the information that may be carried 
by infrared radiation. On these wave
lengths we may be able to look inside the 
dense clouds of dust and gas in which, 
it is thought, stars are still being formed. 
Outside the filter of the earth's atmos
phere it will also be possible to extend 
the range of radio astronomy 100-fold 
beyond the window through which ter
restrial radio observatories now look at 
the universe. Studies of long-wav:e out
bursts from the sun and Jupiter also 
have high priority. 

In the not-too-distant future rocket 
astronomy will doubtless give way to 
satellite astronomy. Satellites of more 
than 1,000 pounds payload are already 
being designed in the U. S. They will 
provide stable platforms from which 
telescopes may be pointed to track stars, 
planets and nebulae, and to monitor 
events such as flares on the surface of 
the sun. Eventually, when it is possible 
to man these satellites, we may observe 
even the faintest stars. The first discov
eries of rocket astronomy guarantee that 
the effort will be worthwhile. 
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An Ancient Greek Computer 
In 1901 di()ers working off the isle of Antikythera found the remalns 

of a clocklike mechanism 2,000 years old. The mechanism now appears 

to ha()e been a de()ice for calculating the motions of stars and planets 

Xong the treasures of the Greek 
National Archaeological Museum 
in Athens are the remains of the 

most complex scientific object that has 
been preserved from antiquity. Cor
roded and crumbling from 2,000 years 
under the sea, its dials, gear wheels and 
inscribed plates present the historian 
with a tantalizing problem. Because of 
them we may have to revise many of 
our estimates of Greek science. By study
ing them we may find vital clues to the 
true origins of that high scientific tech
nology which hitherto has seemed pecu
liar to our modern civilization, setting it 
apart from all cultures of the past. 

From the evidence of the fragments 
one can get a good idea of the appear
ance of the original object [see illustra
tion on page 62). Consisting of a box 
with dials on the outside and a very 
complex assembly of gear wheels mount
ed within, it must have resembled a well
made 18th-century clock. Doors hinged 
to the box served to protect the dials, 
and on all available surfaces of box, 
doors and dials there were long Greek 
inscriptions describing the operation and 
construction of the instrument. At least 
20 gear wheels of the mechanism have 
been preserved, including a very sophis
ticated assembly of gears that were 
mounted eccentrically on a turntable 
and probably functioned as a sort of epi
cycliC or differential gear-system. 

Nothing like this instrument is pre
served elsewhere. Nothing comparable 
to it is known from any ancient scientific 
text or literary allusion. On the contrary, 
from all that we know of science and 
technology in the Hellenistic Age we 
should have felt that such a device could 
not exist. Some historians have sug
gested that the Greeks were not inter

by Derek J. de Solla Price 

of the institution of slavery-for manual 
labor. On the other hand it has long been 
recognized that in abstract mathematics 
and in mathematical astronomy they 
were no beginners but rather "fellows of 
another college" who reached great 
heights of sophistication. Many of the 
Greek scientific devices known to us 
from written descriptions show much 
mathematical ingenuity, but in all cases 

the purely mechanical part of the design 
seems relatively crude. Gearing was 
clearly known to the Greeks, but it was 
used only in relatively simple applica
tions. They employed pairs of gears to 
change angular speed or mechanical ad
vantage, or to apply power through a 
right angle, as in the water-driven mill. 

Even the most complex mechanical 
devices described by the ancient writers 

ested in experiment because of a con- THREE PRINCIPAL FRAGMENTS of the Antikythera mechanism are shown from both 

tempt-perhaps induced by the existence sides. One pair of views is at top on the left-hand page; the second pair, at bottom on the 
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Hero of Alexandria and Vitruvius con
tained only simple gearing. For example, 
the. taximeter used by the Greeks to 
measure the distance traveled by the 
wheels of a carriage employed only pairs 
of gears (or gears and worms) to achieve 
the necessary ratio of movement. It 
could be argued that if the Greeks knew 
the principle of gearing, they should have 
had no difficulty in constructing mecha
nisms as complex as epicyclic gears. We 
now know from the fragments in the Na
tional Museum that the Greeks did make 
such mechanisms, but the knowledge is 
so unexpected that some scholars at first 
thought that the fragments must belong 
to some more modern device. 

Can we in fact be sure that the device 
� is ancient? If we can, what was its 

purpose? What can it tell us of the an
cient world and of the evolution of mod
ern science? 

To authenticate the dating of the 
fragments we must tell the story of 
their discovery, which involves the first 
(though inadvertent) adventure in un
derwater archaeology. Just before Easter 
in 1900 a party of Dodecanese sponge-

divers were driven by storm to anchor 
near the tiny southern Greek island of 
Antikythera (the accent is on the "kyth," 
pronounced to rhyme with pith). There, 
at a depth of some 200 feet, they found 
the wreck of an ancient ship. With the 
help of Greek archaeologists the wreck 
was explored; several fine bronze and 
marble statues and other objects were 
recovered. The finds created great ex
citement, but the difficulties of diving 
without heavy equipment were im
mense, and in September, 1901, the 
"dig" was abandoned. Eight months 
later Valerios Stals, an archaeologist at 
the National Museum, was examining 
some calciHed lumps of corroded bronze 
that had been set aside as possible pieces 
of broken statuary. Suddenly he recog
nized among them the fragments of a 
mechanism. 

It is now accepted that the wreck oc
curred during the first century B.C. 
Gladys Weinberg of Athens has been 
kind enough to report to me the results 
of several recent archaeological exami
nations of the amphorae, pottery and 
minor objects from the ship. It appears 
from her report that one might reason-

ably date the wreck more closely as 65 
B.C. ± 15 years. Furthermore, since the 
identifiable objects come from Rhodes 
and Cos, it seems that the ship may have. 
been voyaging from these islands to 
Rome, perhaps without calling at the 
Greek mainland. 

The fragment that first caught the eye 
of Stals was one of the corroded, in
scribed plates that is an integral part of 
the Antikythera mechanism, as the de
vice later came to be called. Stals saw 
immediately that the inscription was an
cient. In the opinion of the epigrapher 
Benjamin Dean Meritt, the forms of the 
letters are those of the first century B.C.; 
they could hardly be older than 100 B.C. 
nor younger than the time of Christ. The 
dating is supported by the content of 
the inscriptions. The words used and 
their astronomical sense are all of this 
period_ For example, the most extensive 
and complete piece of inscription is part 
of a parapegma (astronomical calendar) 
similar to that written by one Geminos, 
who is thought to have lived in Rhodes 
about 77 B.C. We may thus be reason
ably sure that the mechanism did not 
find its way into the wreck at some later 

left-hand page; the third pair, on the right-hand page. How the frag

ments were used to reconstruct the appearance of the original mech-

anism is shown on the next two pages_ The fragments are presently 

located in the Greek National Archaeological Museum in Athens_ 
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period. Furthermore, it cannot have 
been very old when it was taken aboard 
the ship as booty or merchandise. 

As soon as the fragments had been 
discovered they were examined by every 
available archaeolobJist; so began the 
long and difficult process of identifying 
the mechanism and determining its func
tion. Some things were clear from the 
beginning. The unique importance of 
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the object was obvious, and the gearing 
was impressively complex. From the in
scriptions and the dials the mechanism 
was correctly identified as an astronomi
cal device. The first conjecture was that 
it was some kind of navigating instru
ment-perhaps an astrolabe (a sort of 
circular star-finder map also used for 
simple observations) . Some thought that 
it might be a small planetarium of the 
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kind that Archimedes is said to have 
made. Unfortunately the fragments were 
covered by a thick curtain of calcified 
material and corrosion products, and 
these concealed so much detail that no 
one could be sure of his conjectures or 
reconstructions. There was nothing to do 
but wait for the slow and delicate work 
of the Museum technicians in cleaning 
away this curtain. Meantime, as the 

FRONT DOOR 

MECHANISM IS PARTLY RECONSTRUCTED at left. Exploded 

diagram at right shows how the fragments (color) are related to 

the plates 0.- the Illechallislli. Some �·r��;6��ie·l!� i l(::_il"�' parts of more 

than one ))late. The labeled parts j" the rcc,-,.,s�r'1C:.ivn are: front· 
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work proceeded, several scholars pub
lished accounts of all that was visible, 
and through their labors a general 
picture of the mechanism began to 
emerge. 

On the basis of new photographs made 
for me by the Museum in 1955 I 

realized that the work of cleaning had 
reached a point where it might at last 

FRONT DIAL 

be possible to take the work of identifi
cation to a new level. Last summer, with 
the assistance of a grant from the Ameri
can Philosophical Society, I was able to 
visit Athens and make a minute examina
tion of the fragments. By good fortune 
George Stamires, a Greek epigrapher, 
was there at the same time; he was able 
to give me invaluable help by decipher
ing and transcribing much more of the 

BACK DIAL 

MECHANISM 

inscriptions than had been read before. 
We are now in the position of being 

able to "join" the fragments and to see 
how they fitted together in the original 
machine and when they were brought 
up from the sea [see illustmtions on these 
two pages]. The success of this work has 
been most significant, for previously it 
had been supposed that the various dials 
and plates had been badly squashed to-

BACK DOOR 

door inscription (a), front dial (b), eccentric drum (c), front of 

mechanism (d), inpnt shaft (e), fiducial mark (f), fonr slip rings 

of upper back dial (g), back·door inscription (h), three slip rings 

of lower back dial (i). The dimensions are given in millimeters. 
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SEGMENTS OF THREE DIALS of the mechanism are visible in 

the fragments. At left is a simplified drawing of one fragment 

showing a segment of the upper back dial. At upper right in this 

drawing may be seen the four slip rings of the dial; within the 

rings is a small subsidiary dial. Second from left is a segment of the 

lower back dial. At right in this drawing is a fixed scale; within it 

gether and distorted. It now appears that 
most of the pieces are very nearly in their 
original places, and that we have a much 
larger fraction of the complete device 
than had been thought. This work also 
provides a clue to the puzzle of why the 
fragments lay unrecognized until Stats 
saw them. When they were found, the 
fragments were" probably held together 
in their original positions by the remains 
of the wooden frame of the case. In the 
Museum the waterlogged wood dried 
and shriveled. The fragments then fell 
apart, revealing the interior of the 
mechanism, with its gears and inscribed 
plates. 

As a result of the new examinations 
we shall in due course be able to pub
lish a technical account of the fragments 
and of the construction of the instru
ment. In the meantime we can tentative
ly summarize some of these results and 
show how they help to answer the ques
tion: What is it? 

There are four ways of getting at the 
answer. First, if we knew the details of 
the mechanism, we should know what it 
did. Second, if we could read the dials, 
we could tell what they showed. Third, 
if we could understand the inscriptions, 
they might tell us about the mechanism. 
Fourth, if we knew of any similar mecha
nism, analogies might be helpful. All 
these approaches must be used, for none 
of them is complete. 

The geared wheels within the mecha
nism were mounted on a bronze plate 
[third from right on preceding page]. On 
one side of the plate we can trace all the 
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gear wheels of the assembly and can 
determine, at least approximately, how 
many teeth each had and how they 
meshed together. On the other side we 
can do nearly as well, but we still lack 
vital links that would provide a com
plete picture of the gearing. The general 
pattern of the mechanism is nonetheless 
quite clear. An input was provided by 
an axle that came through the side of the 
casing and turned a crown-gear wheel. 
This moved a big, four-spoked driving
wheel that was connected with two 
trains of gears that respectively led up 
and down the plate and were connected 
by axles to gears on the other side of the 
plate. On that side the gear trains con
tinued, leading through an epicyclic 
turntable and coming eventually to a set 
of shafts that turned the dial pointers. 
When the input axle was turned, the 
pointers all moved at various speeds 
around their dials. 

Certain structural features of the 
mechanism deserve special attention. All 
the metal parts of the machine seem to 
have been cut from a single sheet of low
tin bronze about two millimeters thick; 
no parts were cast or made of another 
metal. There are indications that the 
maker may have used a sheet made 
much earlier-uniform metal plate of 
good quality was probably rare and ex
pensive. All the gear wheels have bee·n 
made with teeth of just the same angle 
(60 degrees) and size, so that any wheel 
could mesh with any other. There are 
signs that the machine was repaired at 
least twice; a spoke of the driving wheel 

has been mended, and a broken tooth 
in a small wheel has been replaced. This 
indicates that the machine actually 
worked. 

The casing was provided with three 
dials, one at the front and two at the 

back. The fragments of all of them are 
still covered with pieces of the doors of 
the casing and with other debris. Very 
little can be read on the dials, but there is 
hope that they can be cleaned sufficiently 
to provide information that might be de
cisive. The front dial is just clean enough 
to say exactly what it did. It has two 
scales, one of which is fixed and displays 
the names of the signs of the zodiac; the 
other is on a movable slip ring and shows 
the months of the year. Both scales are 
carefully marked off in degrees. The front 
dial fitted exactly over the main driving
wheel, which seems to have turned the 
pOinter by means of an eccentric drum
assembly. Clearly this dial showed the 
annual motion of the sun in the zodiac. 
By means of key letters inscribed on the 
zodiac scale, corresponding to other let
ters on the parapegma calendar plate, it 
also showed the main risings and set
tings of bright stars and constellations 
throughout the year. 

The back dials are more complex and 
less legible. The lower one had three 
slip rings; the upper, four. Each had a 
little subsidiary dial resembling the 
"seconds" dial of a watch. Each of the 
large dials is inscribed with lines about 
every six degrees, and between the lines 
there are letters and numbers. On the 
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were three slip rings and within them a suhsidiary dial. Third from 

left is a segment of the front dial. The upper scale in this drawing 

pertains to the months; the lower scale, to the zodiac. The in· 

scribed area is a parapegma plate. The graph at far right shows the 

errors (in minutes of arc) of the graduations in the zodiac scale. 

The arrow above the scale is related to the arrow above the charI. 

lower dial the letters and numbers seem 
to record "moon, so many hours; sun, so 
many hours"; we therefore suggest that 
this scale indicates the main lunar phe
nomena of phases and times of rising and 
setting. On the upper dial the inscrip
tions are much more crowded and might 
well present information on the risings 
and settings, stations and retrograda
tions of the planets known to the Greeks 
(Mercury, Venus, Mars, Jupiter and 
Saturn) . 

Some of the technical details of the 
dials are especially interesting. The front 
dial provides the only known extensive 
specimen from antiquity of a scientifical
ly graduated instrument. When we 
measure the accuracy of the graduations 
under the microscope, we find that their 
average error over the visible 45 degrees 
is about a quarter of a degree. The way 
in which the error varies suggests that 
the arc was first geometrically divided 
and then subdivided by eye only. Even 
more important, this dial may give a 
means of dating the instrument astro
nomically. The slip ring is necessary be
cause the old Egyptian calendar, having 
no leap years, fell into error by 1/4 day 
every year; the month scale thus had to 
be adjusted by this amount. As they are 
preserved the two scales of the dial are 
out of phase by 13J� degrees. Standard 
tables show that this amount could only 
occur in the year 80 B.C. and (because 
we do not know the month) at all years 
just 120 years (i.e., 30 days divided by 
1/4 day per year) before or after that 
date. Alternative dates are archaeologi-

cally unlikely: 200 B.C. is too early; 40 
A.D. is too late. Hence, if the slip ring 
has not moved from its last position, it 
was set in 80 B.C. Furthermore, if we 
are right in supposing that a fiducial 
mark near the month scale was put there 
originally to provide a means of setting 
that scale in case of accidental move
ment, we can tell more. This mark is 
exactly 1/2 degree away from the pres
ent position of the scale, and this implies 
that the mark was made two years be
fore the setting. Thus, although the evi
dence is by no means conclusive, we are 
led to suggest that the instrument was 
made about 82 B.C., used for two years 
(just long enough for the repairs to have 
been needed) and then taken onto the 
ship within the next 30 years. 

The fragments show that the original 
instrument carried at least four large 

areas of inscription: outside the front 
door, inside the back door, on the plate 
between the two back dials and on the 
parapegma plates near the front dial. As 
I have noted, there are also inscriptions 
around all the dials, and furthermore 
each part and hole would seem to have 
had identifying letters so that the pieces 
could be put together in the correct or
der and position. The main inscriptions 
are in a sorry state and only short snatch
es of them can be read. To provide an 
idea of their condition it need only be 
said that in some cases a plate has com
pletely disappeared, leaving behind an 
impression of its letters, standing up in 
a mirror image, in relief on the soft cor-

rosion products on the plate below. It is 
remarkable that such inscriptions can be 
read at all. 

But even from the evidence of a few 
complete words one can get an idea of 
the subject matter. The sun is mentioned 
several times, and the planet Venus 
once; terms are used that refer to the 
stations and retrogradations of planets; 
the ecliptic is named. Pointers, apparent
ly those of the dials, are mentioned. A 
line of one inscription Significantly re
cords "76 years, 19 years." This refers 
to the well-known Calippic cycle of 76 
years, which is four times the Metonic 
cycle of 19 years, or 235 synodic (lunar) 
months. The next line includes the num
ber "223," which refers to the eclipse 
cycle of 223 lunar months. 

Putting together the information gath
ered so far, it seems reasonable to sup
pose that the whole purpose of the Anti
kythera device was to mechanize just 
this sort of cyclical relation, which was 
a strong feature of ancient astronomy. 
Using the cycles that have been men
tioned, one could easily design gearing 
that would operate from one dial having 
a wheel that revolved annually, and turn 
by this gearing a series of other wheels 
which would move pointers indicating 
the sidereal, synodic and draconitic 
months. Similar cycles were known for 
the planetary phenomena; in fact, this 
type of arithmetical theory is the central 
theme of Seleucid Babylonian astrono
my, which was transmitted to the Hel
lenistic world in the last few centuries 
B.C. Such arithmetical schemes are quite 
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distinct from the geometrical theory of 
circles and epicycles in astronomy, 
which seems to have been essentially 
Greek. The two types of theory were 
unified and brought to their peak in the 
second century A.D. by Claudius Ptole
my, whose labors marked the triumph of 
the new mathematical attitude toward 
geometrical models that still character
izes physics today. 

The Antikythera mechanism must 
therefore be an arithmetical counterpart 

o 
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CENTIMETERS 

4 5 

of the much more familiar geometrical 
models of the solar system which were 
known to Plato and Archimedes and 
evolved into the orrery and the plane
tarium. The mechanism is like a great 
astronomical clock without an escape
ment, or like a modern analogue com
puter which uses mechanical parts to 
save tedious calculation. It is a pity that 
we have no way of knowing whether the 
device was turned automatically or by 
hand. It might have been held in the 

@ 

hand and turned by a wheel at the side 
so that it would operate as a computer, 
possibly for astrological use. I feel it is 
more likely that it was permanently 
mounted, perhaps set in a statue, and 
displaved as an exhibition piece. In that 
case it might well have been turned by 
the power from a water clock or some 
other device. Perhaps it is just such a 
wondrous device that was mounted in
side the famous Tower of Winds in 
Athens. It is certainly very similar to the 

g 

DETAILS OF THE MAIN MECHANISM are shown from the front (left) and the back 

(right). The numbers in the illustration refer to the approximate number of teeth on each 

gear. The parts labeled with letters are: lug to fix eccentric drum for the front dial (a), re

pair to spoke (b), guide channel for spring to hold gear of 18 leeth (c), rivets for 
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great astronomical cathedral clocks that 
were built all over Europe during the 
Renaissance. 

It is to the prehistory of the mechanical 
clock that we must look for important 

analogies to the Antikythera mechanism 
and for an assessment of its significance. 
Unlike other mechanical devices, the 
clock did not evolve from the simple to 
the complex. The oldest clocks of which 
we are well informed were the most 

,-- .... 
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complicated. All the evidence points to 
the fact that the clock started as an 
astronomical showpiece that happened 
also to indicate the time. Gradually the 
timekeeping functions became more im
portant and the device that showed the 
marvelous clockwork of the heavens be
came subsidiary. Behind the astronomi
cal clocks of the 14th century there 
stretches an unbroken sequence of 
mechanical models of astronomical theo
ry. At the head of this sequence is the 

the axles and support blocks at the back (d), main driving wheel (e), crown wheel (j), 

input axle (g), shaft of the upper·dial main pointer (h), shaft of the upper-dial subsidiary 

pointer (i), epicyclic turntable (j), repair to tooth (k), shaft of the lower-dial main point

er (I), shaft of the lower-dial subsidiary pointer (m), axles through the plate (x and y). 

Antikythera mechanism. Following it 
are instruments and clocklike computers 
known from Islam, from China and In
dia and from the European Middle Ages. 
The importance of this line is very great, 
because it was the tradition of clock
making that preserved most of man's 
skill in scientific £ne mechanics. During 
the Renaissance the scientific instru
ment-makers evolved from the clock
makers. Thus the Antikythera mecha
nism is, in a way, the venerable progeni
tor of all our present plethora of scien
tific hardware. 

A significant passage in this story has 
to do with the astronomical computers 
of Islam. Preserved complete at the Mu
seum of History of Science at Oxford is 
a 13th-century Islamic geared calendar
computer that has various periods built 
into it, so that it shows on dials the vari
ous cycles of the sun and moon. This 
design can be traced back, with slightly 
different periods but a similar arrange
ment of gears, to a manuscript written 
by the astronomer al-Biruni about 1000 
A.D. Such instruments are much Simpler 
than the Antikythera mechanism, but 
they show so many points of agreement 
in technical detail that it seems clear 
they come from a common tradition. The 
same 60-degree gear teeth are used; 
wheels are mounted on square-shanked 
axles; the geometrical layout of the gear 
assembly appears comparable. It was 
just at this time that Islam was drawing 
on Greek knowledge and rediscovering 
ancient Greek texts. It seems likely that 
the Antikythera tradition was part of a 
large corpus of knowledge that has since 
been lost to us but was known to the 
Arabs. It was developed and transmitted 
by them to medieval Europe, where it 
hecame the foundation for the whole 
range of subsequent invention in the field 
of clockwork. 

On the one hand the Islamic devices 
knit the whole story together, and dem
onstrate that it is through ancestry and 
not mere coincidence that the Antikyth
era mechanism resembles a modern 
clock. On the other hand they show that 
the Antikythera mechanism was no Rash 
in the pan but was a part of an impor
tant current in Hellenistic civilization. 
History has contrived to keep that cur
rent dark to us, and only the accidental 
underwater preservation of fragments 
that would otherwise have crumbled to 
dust has now brought it to light. It is a 
bit frightening to know that just before 
the fall of their great civilization the an
cient Greeks had come so close to our 
age, not only in their thought, but also 
in their scientific technology. 
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Love in Infant Monkeys 
Affection Tn infants was long thought to be generated by the 

satisfactions of feeding. Studies of young rhesus monkeys now 

indicate that love derives mainly from close bodily contact 

The first love of the human infant 
is for his mother. The tender inti
macy of this attachment is such 

that it is sometimes regarded as a sacred 
or mystical force, an instinct incapable 
of analysis. No doubt such compunc
tions, along with the obvious obstacles 
in the way of objective study, have 
hampered experimental observation of 
the bonds between child and mother. 

Though the data are thin, the theoreti
cal literature on the subject is rich. Psy
chologists, sociologists and anthropolo
gists commonly hold that the infant's love 
is learned through the association of the 
mother's face, body and other physical 
characteristics with the alleviation of in
ternal biological tensions, particularly 
hunger and thirst. Traditional psycho
analysts have tended to emphasize the 
role of attaining and sucking at the 
breast as the basis for affectional de
velopment. Recently a number of child 
psychiatrists have questioned such sim
ple explanations. Some argue that affec
tionate handling in the act of nursing is 
a variable of importance, whereas a few 
workers suggest that the composite 
activities of nursing, contact, clinging 
and even seeing and hearing work to
gether to elicit the infant's love for his 
mother. 

Now it is difficult, if not impossible, to 
use human infants as subjects for the 
studies necessary to break through the 
present speculative impasse. At birth the 
infant is so immature that he has little 
or no control over any motor system 
other than that involved in sucking. 
Furthermore, his physical maturation is 
so slow that by the time he can achieve 
precise, coordinated, measurable re
sponses of his head, hands, feet and 
body, the nature and sequence of devel
opment have been hopelessly confound
ed and obscured. Clearly research into 
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by Harry F. Harlow 

the infant-mother relationship has need 
of a more suitable laboratory animal. 
We believe we have found it in the in
fant monkey. For the past several years 
our group at the Primate Laboratory of 
the University of Wisconsin has been 
employing baby rhesus monkeys in a 
study that we believe has begun to yield 
significant insights into the origin of the 
infant's love for his mother. 

Baby monkeys are far better coordi
nated at birth than human infants. Their 
responses can be obsetved and evalu
ated with confidence at an age of 10 
days or even earlier. Though they ma
ture much more rapidly than their hu
man contemporaries, infants of both 
species follow much the same general 
pattern of development. 

Our interest in infant-monkey love 
grew out of a research program that 

involved the separation of monkeys from 
their mothers a few hours after birth. 
Employing techniques developed by 
Gertrude van Wagenen of Yale Univer
sity, we had been rearing infant monkeys 
on the bottle with a mortality far less than 
that among monkeys nursed by their 
mothers. We were particularly careful 
to provide the infant monkeys with a 
folded gauze diaper on the floor of their 
cages, in accord with Dr. van Wagenen's 
observation that they would tend to 
maintain intimate contact with such soft, 
pliant surfaces, especially during nurs
ing. We were impressed by the deep per
sonal attachments that the monkeys 
formed for these diaper pads, and by the 
distress that they exhibited when the 
pads were briefly removed once a day 
for purposes of sanitation. The behavior 
of the infant monkeys was reminiscent 
of the human infant's attachment to its 
blankets, pillows, rag dolls or cuddly 
teddy bears. 

These observations suggested the se
ries of experiments in which we have 
sought to compare the importance of 
nursing and all associated activities with 
that of simple bodily contact in engen
dering the infant monkey's attachment 
to its mother. For this purpose we con
trived two surrogate mother monkeys. 
One is a bare welded-wire cylindrical 
form surmounted by a wooden head with 
a crude face. In the other the welded 
wire is cushioned by a sheathing of terry 
cloth. We placed eight newborn mon
keys in individual cages, each with equal 
access to a cloth and a wire mother [see 
illustration on opposite pagel. Four of 
the infants received their milk from one 
mother and four from the other, the milk 
being furnished in each case by a nurs
ing bottle, with its nipple protruding 
from the mother's "breast." 

The two mothers quickly proved to 
be physiologically equivalent. The 
monkeys in the two groups drank the 
same amount of milk and gained weight 
at the same rate. But the two mothers. 
proved to be by no means psychological
ly equivalent. Records made automati
cally showed that both groups of infants 
spent far more time climbing and cling
ing on their cloth-covered mothers than 
they did on their wire mothers. During 
the infants' first 14 days of life the floors. 
of the cages were warmed by an electric 
heating pad, but most of the infants left 
the pad as soon as they could climb on 
the unheated cloth mother. Moreover, as 
the monkeys grew older, they tended to 
spend an increasing amount of time 
clinging and cuddling on her pliant terry
cloth surface. Those that secured their 
nourishment from the wire mother 
showed no tendency to spend more time 
on her than feeding required, contra
dicting the idea that affection is a re
sponse that is learned or derived in as so-
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CLOTH AND WIRE MOTHER-SURROGATES were used to test 

the preferences of infant monkeys_ The infants spent most of their 

time clinging to the soft cloth "mother," (foreground) even when 

nursing bottles were attached to the wire mother (background)_ 
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STRONG PREFERENCE FOR CLOTH MOTHER was shown by all infant monkeys. 

Infants reared with access to both mothers f!"Om birth (top chart) spent far more time on 

the cloth mother (colored curves) than on the wire mother (black curves) _ This was true 

regardless of whether they had been fed on the cloth (solid lines) or on the wire mother 

(broken lines) _ Infants that had known no mother during their first eight months (bottom 

chart) soon came to prefer cloth mother, but spent less time on her than the other infants. 
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RESULTS OF "FEAR TEST" (see photographs on opposite page) showed that infants 

('onfronted by a strange object quickly learned to seek reassurance from the cloth mother 

(colored curves) rather than from the wire mother (black curves) _ Again infants fed on 

the wire mother (broken lines) behaved much like those fed on cloth mother (solid lines) . 
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ciation with the reduction of hunger or 
thirst. 

These results attest the importance
possibly the overwhelming importance
of bodily contact and the immediate 
comfort it supplies in forming the in
fant's attachment for its mother. All 
our experience, in fact, indicates that 
our cloth-covered mother surrogate is an 
eminently satisfactory mother. She. is 
available 24 hours a day to satisfy her 
infant's overwhelming compulsion to 
seek bodily contact; she possesses in
finite patience, never scolding her baby 
or biting it in anger. In these respects we 
regard her as superior to a living mon
key mother, though monkey fathers 
would probably not endorse this opinion. 

Of course this does not mean that 
nursing has no psychological impor
tance. No act so effectively guarantees 
intimate bodily contact between mother 
and child. Fmthermore, the mother who 
finds nursing a pleasant experience will 
probably be temperamentally inclined 
to give her infant plenty of handling and 
fondling. The real-life attachment of the 
infant to its mother is doubtless influ
enced by subtle multiple variables, con
tributed in part by the mother and in 
part by the child. We make no claim to 
having unraveled these in only two years 
of investigation. But no matter what 
evidence the future may disclose, our 
first experiments have shown that con
tact comfort is a decisive variable in this 
relationship. 

Such generalization is powerfully sup
t-. ported by the results of the next 
phase of our investigation. The time 
that the infant monkeys spent cuddling 
on their surrogate mothers was a strong 
but perhaps not conclusive index of 
emotional attachment. Would they also 
seek the inanimate mother for comfort 
and security when they were subjected 
to emotional stress? With this question 
in mind we exposed our monkey infants 
to the stress of fear by presenting them 
with strange objects, for example a 
mechanical teddy bear which moved for
ward, beating a drum. Whether the in
fants had nursed from the wire or the 
cloth mother, they overwhelmingly 
sought succor from the cloth one; this' 
differential in behavior was enhanced 
with the passage of time and the accrual 
of experience. Early in this series of ex
periments the terrified infant might rush 
blindly to the wire mother, but even if it 
did so it would soon abandon her for the 
cloth mother. The infant would cling to 
its cloth mother, rubbing its body against 
hers. Then, with its fears assuaged 
through intimate contact with the moth-
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FRIGHTENING OBJECTS such as a mechanical teddy bear caused 

almost all infant monkeys to flee blindly to the cloth mother, as in 

the top photograph. Once reassured by pressing and rubbing 

against her. they would then look at the strange object (bottom) .  
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"OPEN FIELD TEST" involved placing a monkey in a room far 

larger than its accustomed cage; unfamiliar objects added an addi. 

tional disturbing element. If no mother was present, the infant 

would typically huddle in a corner (left). The wire mother did 

er, it would turn to look at the previously 
terrifying bear without the slightest sign 
of alarm. Indeed, the infant would some
times even leave the protection of the 
mother and approach the object that a 
few minutes before had reduced it to 
abject terror. 

The analogy with the behavior of hu
man infants requires no elaboration. We 
found that the analogy extends even to 
less obviously stressful situations. When 
a child is taken to a strange place, he 
usually remains composed and happy so 
long as his mpther is nearby. If the moth
er gets out of sight, however, the child 
is often seized with fear and distress. 
We developed the same response in our 
infant monkeys when we exposed them 
to a room that was far larger than the 
cages to which they were accustomed. 
In the room we had placed a number of 
unfamiliar objects such as a small arti
ficial tree, a crumpled piece of paper, a 
folded gauze diaper, a wooden block 
and a doorknob [a similar experiment is 
depicted in the illustrations on these two 
pages]. If the cloth mother was in the 
room, the infant would rush wildly to 
her, climb upon her, rub against her and 
cling to her tightly. As in the previous 
experiment, its fear then sharply di
minished or vanished. The infant would 
begin to climb over the mother's body 
and to explore and manipulate her face. 
Soon it would leave the mother to inves
tigate the new world, and the unfamiliar 
objects would become playthings. In a 
typical behavior sequence, the infant 
might manipulate the tree, return to the 
mother, crumple the wad of paper, bring 
it to the mother, explore the block, ex-
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plore the doorknob, play with the paper 
and return to the mother. So long as the 
mother provided a psychological "base 
of operations" the infants were unafraid 
and their behavior remained positive, 
exploratory and playful. 

If the cloth mother was absent, how
ever, the infants would rush across the 
test room and throw themselves face
down on the floor, clutching their heads 
and bodies and screaming their distress. 
Records kept by two independent ob
servers-scoring for such "fear indices" as 
crying, crouching, rocking and thumb
and toe-sucking-showed that the emo
tionality scores of the infants nearly 
tripled. But no quantitative measure
ment can convey the contrast between 
the positive, outgoing activities in the 
presence of the cloth mother and the 
stereotyped withdrawn and disturbed 
behavior in the motherless situation. 

The bare wire mother provided no 
more reassurance in this "open field" test 
than no mother at all. Control tests on 
monkeys that from birth had known only 
the wire mother revealed that even these 
infants showed no affection for her and 
obtained no comfort from her presence. 
Indeed, this group of animals exhibited 
the highest emotionality scores of all. 
Typically they would run to some wall 
or corner of the room, clasp their heads 
and bodies and rock convulsively back 
and forth. Such activities closely re
semble the autistic behavior seen fre
quently among neglected children in 
and out of institutions. 

In a final comparison of the cloth and 
wire mothers, we adapted an experiment 
originally devised by Robert A. Butler 

at the Primate Laboratory. Butler had 
found that monkeys enclosed in a dimly 
lighted box would press a lever to open 
and reopen a window for hours on end 
for no reward other than the chance to 
look out. The rate of lever-pressing de
pended on what the monkeys saw 
through the opened window; the sight of 
another monkey elicited far more activi
ty than that of a bowl of fruit or an emp
ty room [see "Curiosity in Monkeys," by 
Robert A. Butler; SCIENTIFIC AMERICAN, 
February, 1954]. We now know that this 
"curiosity response" is innate. Three
day-old monkeys, barely able to walk, 
will crawl across the floor of the box to 
reach a lever which briefly opens the 
window; some press the lever hundreds 
of times within a few hours. 

When we tested our monkey infants 
in the "Butler box," we found that those 
reared with both cloth and wire mothers 
showed as high a response to the cloth 
mother as to another monkey, but dis
played no more interest in the wire 
mother than in an empty room. In this 
test, as in all the others, the monkeys fed 
on the wire mother behaved the same 
as those fed on the cloth mother. A con
trol group raised with no mothers at all 
found the cloth mother no more inter
esting than the wire mother and neither 
as interesting as another monkey. 

Thus all the objective tests we have 
been able to devise agree in showing 
that the infant monkey's relationship to 
its surrogate mother is a full one. Com
parison with the behavior of infant mon
keys raised by their real mothers con
firms this view. Like our experimental 
monkeys, these infants spend many 
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not alter this pattern of fearful behavior, but the cloth mother 

provided quick reassurance. The infant would first cling to her 

(center) and then set out to explore the room and play with the 

objects (right}, returning [rom time to time for more reassurance. 

hours a day clinging to their mothers, 
and run to them for comfort or reassur
ance when they are frightened. The 
deep and abiding bond between mother 
and child appears to be essentially the 
same, whether the mother is real or a 
cloth surrogate. 

While bodily contact clearly plays the 
prime role in developing infantile af
fection, other types of stimulation pre
sumably supplement its effects. We have 
therefore embarked on a search for these 
other factors. The activity of a live mon
key mother, for example, provides her 
infant with frequent motion stimulation. 
In many human cultures mothers bind 
their babies to them when they go about 
their daily chores; in our own culture 
parents know very well that rocking a 
baby or walking with him somehow pro
motes his psychological and physiologi
cal well-being. Accordingly we com
pared the responsiveness of infant mon
keys to two cloth mothers, one station
ary and one rocking. All of them pre
ferred the rocking mother, though the 
degree of preference varied considerably 
from day to day and from monkey to 
monkev. An experiment with a rocking 
crib and a stationary one gave similar 
results. Motion does appear to enhance 
affection, albeit far less significantly than 
simple contact. 

The act of clinging, in itself, also 
seems to have a role in promoting psy
chological and physiological well-being. 
Even before we began our studies of af
fection, we noticed that a newborn mon
key raised in a bare wire cage survived 
with difficulty unless we provided it 
with a cone to which it could cling. Re-

cently we have raised two groups of 
monkeys, one with a padded crib instead 
of a mother and the other with a cloth 
mother as well as a crib. Infants in the 
latter group actually spend more time 
on the crib than on the mother, probably 
because the steep incline of the mother's 
cloth surface makes her a less satisfac
tory sleeping platform. In the open-field 
test, the infants raised with a crib but no 
mother clem'lv derived some emotional 
support from

' 
the presence of the crib. 

But those raised with both showed an 
unequivocal preference for the mother 
they could cling to, and they evidenced 
the benefit of the superior emotional 
succor they gained from her. 

S till other elements in the relationship 
remain to be investigated systematic

ally. Common sense would suggest that 
the warmth of the mother's body plays 
its part in strengthening the infant's ties 
to her. Our own observations have not 
yet confirmed this hypothesis. Heating a 
cloth mother does not seem to increase 
her attractiveness to the infant monkey, 
and infants readily abandon a heating 
pad for an unheated mother surrogate. 
However, our laboratory is kept comfort
ably warm at all times; experiments in a 

chilly environment might well yield 
quite different results. 

Visual stimulation may forge an addi
tional link. When they are about three 
months old, the monkeys begin to ob
serve and manipulate the head, face and 
eyes of their mother surrogates; human 
infants show the same sort of delayed 
responsiveness to visual stimuli. Such 
stimuli are known to have marked ef-

fects on the behavior of many young 
animals. The Austrian zoologist Konrad 
Lorenz has demonstrated a process 
called "imprinting"; he has shown that 
the young of some species of birds be
come attached to the first moving ob
ject they perceive, normally their moth
ers [see "'Imprinting' in Animals," by 
Eckhard H. Hess; SCIENTIFIC AMERI
CAN, March, 1958]. It is also possible 
that particular sounds and even odors 
may play some role in the normal de
velopment of responses or attention. 

The depth and persistence of attach
ment to the mother depend not only on 
the kind of stimuli that the young ani
mal receives but also on when it re
ceives them. Experiments with ducks 
show that imprinting is most effective 
during a critical period soon after hatch
ing; beyond a certain age it cannot take 
place at all. Clinical experience with 
human beings indicates that people who 
have been deprived of affection in in
fancy may have difficulty forming affec
tional ties in later life. From preliminary 
experiments with our monkeys we have 
found that their affectional responses de
velop, or fail to develop, according to a 
similar pattern. 

Early in our investigation we had seg
regated four infant monkeys as a gen
eral control group, denying them physi
cal contact either with a mother surro
gate or with other monkeys. After about 
eight months we placed them in cages 
with access to both cloth and wire moth
ers. At first they were afraid of both 
surrogates, but within a few days they 
began to respond in much the same way 
as the other infants. Soon they were 
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spending less than an hour a day with 
the wire mother and eight to 10 hours 
with the cloth mother. Significantly, 
however, they spent little more than half 
as much time with the cloth mother as 
did infants raised with her from birth. 

In the open-field test these "orphan" 
monkeys derived far less reassurance 
from the cloth mothers than did the other 
infants. The deprivation of physical con
tact during their first eight months had 
plainly affected the capacity of these 
infants to develop the full and normal 
pattern of affection. We found a further 
indication of the psychological damage 
wrought by early lack of mothering 
when we tested the degree to which in
fant monkeys retained their attachments 
to their mothers. Infants raised with a 
cloth mother from birth and separated 
from her at about five and a half months 
showed little or no loss of responsiveness 
even afteF 18 months of separation. In 
some cases it seemed that absence had 
made the heart grow fonder. The mon
keys that had known a mother surrogate 
only after the age of eight months, how
ever, rapidly lost whatever responsive
ness they had acquired, The long period 
of maternal deprivation had evidently 
left them incapable of forming a lasting 
affectional tie. 

The effects of maternal separation and 
deprivation in the human infant have 

scarcely been investigated, in spite of 
their implications concerning child-rear
ing practices. The long period of infant
maternal dependency in the monkey 
provides a real opportunity for investi
gating persisting disturbances produced 
by inconsistent or punishing mother sur
rogates. 

Above and beyond demonstration of 
the surprising importance of contact 
comfort as a prime requisite in the for
mation of an infant's love for its mother 
-and the discovery of the unimportant 
or nonexistent role of the breast and act 
of nursing-our investigations have es
tablished a secure experimental ap
proach to this realm of dramatic and 
subtle emotional relationships. The fur
ther exploitation of the broad field of 
research that now opens up depends 
merely upon the availability of infant 
monkeys. We expect to extend our re
searches by undertaking the study of the 
mother's (and even the father's!) love 
for the infant, using real monkey infants 
or infant surrogates. Finally, with such 
techniques established, there appears to 
be no reason why we cannot at some 
future time investigate the fundamental 
neurophysiological and biochemical vari
ables underlying affection and love. 
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__ Kodak reports on: 
blood in depth ... a way to stiffen oil . . •  a nice material 
to coat with photographic emulsion 

The sanguinary details 

Among the red cells, three of the principal types of white cells, left to right: 
a lymphocyte, representing about 30% of the white cells; a neutrophil, 
representing 60%; an eosinophil, representing about 2%. 

Look, mal Practically no hydrogenation! 

Into a liquid triglyceride such as 
cottonseed oil put a small percent
age of monoglyceride made from 
any saturated fat. 

, 
, 

3. The oil becomes a stiff solid. The 
crystalline matrix holds the oil for 
prolonged periods with practically 
no leakage. 

2. Heat to about 7SoC and cool. 

This works ollly with exceptioll
ally pure mOlloglycerides such as 
we make by molecular distilla
tion in carload quantities. To find 
out more, write Distillation 
Products Industries, Rochester 3, 
N. Y. (Division of Eastman 
Kodak Company). 

• 

• 
I e • • 

A· 
Megaloblastic cells, character
istic of the pattern of red cell 
maturation in pernicious anemia. 

Erythrophogocyte, seen in an un
common blood condition, where 
white cells swallow red cells. 
Here is one that has eaten three. 

Flatness 

The objective documenta
tion of hematological observa
tions through properly con
trolled photomicrography is 
treated with some depth in the 
current issue of our periodical 
Medical Radiography and Pho
tography. It contains some ex
cellent color photomicro
graphs, including a series which 
depicts the maturation of hu
man blood cells. However, if 
we were to go to the expense 
of reproducing the color on 
this page, it would use up 
money better spent in face-to
face instruction in hematologi
cal photomicrography for those 
who need it. You can look at 
the color all you want to by 
requesting a copy of the blood 
issue of M. R. & P. from East
man Kodak Company, Medi
cal Sales Division, Rochester 
4, N. Y. 

More film may be expended on 
Old Faithful ill Yellowstone Natioll
al Park thall 011 all the blood in the 
world. Every mall has his OWl! idea 
of a lIatural marvel to photograph. 

Complexity, complexity! Rest the mind on a simple product, 
a photographic-emulsion-bearing rectangle 6.0 millimeters 
thick, 190 millimeters wide, 215 millimeters long, and flat 
within 0.OOOO2-inch per inch. We mean: Nowhere on the sur

face bearing the emulsion will it be possible to draw a circle 

of one-inch diameter containing .0 point of the surface more 

than O.OOOO2-inch distant from the plane of the circle. 

Though achievement of such flatness is not simple, that is none 
of the user's business. 

The user's business is to know the path of a man-made 
object moving across the sky and to know it with the best'pre
cision that man can currently master for the task. The work 
requires dimensional constancy of the material which bears 
the image. 

That material is glass, a substance known to the Phoenicians 
and since improved. Our kind alters its linear dimensions by 
0.00045 % for each degree Fahrenheit of temperature change. 
Polyester, the most dimensionally stable of commercially 
available plastics, is called "stabilized" when its temperature 
coefficient is brought down to twice that. For the hardened 
steel from which gage blocks are made, the linear expansion 
coefficient is down to 0.00056 %. Steel is opaque and does 
wicked things to sensitive emulsions. 

George Eastman quit his job as a bank clerk in 1881 when he found 
he could coat emulsioll Oil glass and sell if. That's how our whole busi
ness started. DOII't think of the photographic plate as all antique, how
ever. To filld out how wrong that would be, try pUffing a question to 
Eastman Kodak Company, Special Sensitized Products 
Division, Rochester 4, N. Y. For one thing, you could 
ask about those ballistic camera plates Q//Ilolll/ced 
above. 

This is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a little 

revenue from those whose work has something to do with science 
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... when a ���e!���m or 

ust be maintained 

ex.periment or the 

integrity of a fini e roduct. And, the 

most sensitive ethod yet developed 

for pinpointing icroscopic leaks is the 

VEECO Mass Spectro eter Leak Detec· 

tor. It measures 1 ak with a "tracer 

gas", helium, by means of a constantly 

accurate "sensing element", the paten' 

ted VEECO Veetube. 

There are three major test methods pos· 

sible with a VEECO Detector. 

VACUUM TESTING 

The evacuated test objept, connected to the Leak 
Detector, is sprayed with a fine jet of helium, 
or for an over·all tes� &lanketed with the gas. 
If a leak exists, heJiujn is sucked into the 
Veelube and converted into a precise Leak 
Meter reading. 

PRESSURE TESTING 

An object can also be ested by pressurizing it 
with helium. Then a" 'ffer", attached to the 
Detector, is used 10 the test object. If a 
leak exists, helium . ked into the Veetube 
and converted into a Leak Meter reading. 

PRESSURE·VACUUM TESTING 

INDICATOR 

VACUUM CHAMBER 

SEALED UNIT � 
CONTAINING /.1, 
SOME HELIUM

. 

A test object, pressurized with helium, is placed 
within a vacuum chamber connected to the 
Detector. If a leak exists, helium flows out of 
the object into the vacuum chamber, and thence 
to the Veetube where it's converted into a pre· 
cise Leak Meter readini. 

tion, WRITE: 

86- S Denton Avenue, New JiYcIe 
. Long Islane(; New YOlk 

lGH VACUUM & LEAK DET£CTlOft EQt.JIPM 
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Strontium in the Skeleton 

A 
week of hearings before a sub
committee of the Joint Congres
sional Committee on Atomic En

ergy produced testimony that the fallout 
of fission products already injected into 
the upper atmosphere will ultimately 
double the population's exposure to radi
ation from this source. Witnesses agreed 
that resumption of tests at the rate pre
vailing during the past five years would 
ultimately constitute a world-wide threat 
to public health. But there was dispute as 
to the standards of permissible exposure 
to fission products (especially strontium 
90), and so no agreement as to the haz
ard created by atomic-weapons t�sts. 

According to the General Advisory 
Committee of the Atomic Energy Com
mission, nuclear explosions totaling 65 
megatons of fission energy have bur
dened the atmosphere with fission prod
ucts equivalent to 100 pounds of stron
tium 90. About 50 pounds have already 
fallen out, and most of the balance will 
come down over the next few years. 
Nearly three quarters of the fallout, the 
A. E.C. reported in a �eparate statement, 
is of Western, primarily U. S., origin. 
The General Advisory Committee noted, 
however, that the average lifetime ex
posure to external radiation from fall
out would come to "less than 5 per 
cent as much as the average exposure 
to ... background radiation." (The 
equivalent A.E.C. estimate in 1956 was 
2.3 per cent.) It described internal 
radiation from strontium 90 in food 
and water as being "less of a hazard 
than the amount of radium normally 
present in public drinking water supplies 

SCIENCE ANU 
in certain places in the United States. " 

Before the hearings began the Nation
al Committee on Radiation Protection 
and Measurements had issued a report 
downgrading the strontium-90 hazard. 
The Committee recommended that the 
permissible. concentration of strontium 
90 in the human skeleton might safely be 
doubled. At the same time the principal 
assumption underlying prevailing stand
ards of permissible exposure was sharply 
questioned by W. O. Caster, a physio
logical chemist of the University of 
Minnesota. Writing in the M innesnta 
Chemist, he pointed out that these 
standards invariably assume uniform 
distribution of strontium in the human 
skeleton. Swedish investigators have 
shown, however, that local "hot spots " 
in the skeleton may contain up to 60 
times the average concentration. Cur
rent standards of permissible concentra
tion, Caster concludes, may be 60 times 
too high for safety. Thus an average 
concentration of 180 strontium units, 
which the A. E. C. now regards as "safe, " 
would "double and perhaps triple a per
son's chances of having leukemia and 
place him just above the threshold for 
bone damage." Caster believes that the 
standard might well be set as low as 

. three strontium units. 
In the Joint Committee hearings 

Wright Langham of the Los Alamos Sci
entific Laboratory presented estimates 
showing that the average world level of 
strontium in human skeletons will rise 
to a maximum of seven strontium units 
in the mid-1960's. The level will be 
higher in the countries of the Far East 
because of differences in diet. 

Another witness, Charles L. Dunham, 
director of the A. E. C. Division of Bi
ology and Medicine, testified that stron
tium in the bones of young children 
in this country might reach an average 
of 10 units. Over the next 70 years, he 
said, this dosage could produce 3,500 
fo 7,000 cases of bone cancer, and per
haps twice as many cases of leukemia. 
He later indicated that these estimates 
assume uniform distribution of strontium 
in the skeleton. 

Over-all Structure oj a Protein 

The tertiary stmcture of a protein
the three-dimensional arrangement 

of the chains of amino acid units in the 
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THE CITIZEN 
protein molecule-has been worked out 
for the first time. Surprisingly the 
molecule is almost totally lacking in 
symmetry, and it is far more complex 
than could have been predicted by any 
existing theory of protein structure. 
This was stated by J. C. Kendrew of 
the Cavendish Laboratory at the Uni
versity of Cambridge, who described his 
work on the protein myoglobin at the 
recent Atlantic City, N. J., meeting of 
the Federation of American Societies for 
Experimental Biology. 

Kendrew explained that proteins have 
three levels of structure: the sequence 
of their amino acid units (primary struc
ture); the way in which the amino acid 
units are coiled or folded in a long 
polypeptide chain (secondary struc
ture ) ;  and finally the way in which the 
polypeptide chain is arranged in mole
cules of various over-all forms (tertiary 
structure ) . 

Kendrew has constructed a solid 
model of the myoglobin molecule which 
has the polypeptide chains arranged like 
a ball of thick spaghetti; a heme group 
(which performs the oxygen-binding 
function of the molecule) sticks out on 
one side. The main body of the 
molecule, which facilitates the chemical 
action of the heme group in some stilI
unknown manner, appears to be a single 
convoluted polypeptide chain some 300 
angstrom units long. Apparently the 
helical secondary structure of the main 
chain is not uniform throughout, be
cause the molecule's 152 amino acid 
units would form a chain only 228 ang
stroms long if they were coiled in the 
tight "alpha-helix " predicted by theory. 
The 300-angstrom length suggests that 
the chain is pulled out in some regions. 

Kendrew determined the protein's 
structure by using an X-ray-diffraction 
method of Max F. Perutz, a colleague 
who has been working to determine the 
tertiary structure of the complex mole
cule of hemoglobin. Perutz's difficulties 
led Kendrew to focus on the simpler 
and much smaller molecule of myo
globin: an oxygen-binding protein found 
mainly in the muscles of birds or of 
whales. Kendrew attached atoms of 
metals with high electron-density (such 
as mercury, silver and gold) on the 
polypeptide chain and then bounced 
X-rays from them to make electron- , 
density maps of the molecule. The maps 

It's not easy these days to find 
a relay as ideally suited to fast, 
one-way, non-stop journeys as 
Morton P. Rodentia is. Morton's 
now-famous travels have proved 
conclusively that he can stand 30 g 
vibration to 5000 cycles while 
functioning, and shocks as high as 
100 g do not even disturb his derby. 
The triumphant expression springs 
from his latest discovery - the Sigma 
Series 33 relay with vibration and 

available 
astronauts 

(30 9 TO 5000 CYCLES-200 mw 
-TO SCALE) 

shock ratings as good as his own, and a sensitivity of 200 mw to boot. 
As a matter of fact, this is the only switch with these specs 
Morton could find that also would fit into his 0.8" x 0.4" x 0.9" attache 
case. When last heard from, Dr. Rodentia (hon. Ph. D., Solid State U,) 
was dickering over delivery schedules with the supplier. 

With its prime customer 
taken care of, Sigma is now 
ready to do business with 
anyone interested in these 
Series 33 relays. Similar in 
appearance to the perhaps 
better-known Series 32 
magnetic latching relay, 
the " 33" is a non-latching 
DPDT relay. Switching is 
accomplished by a signal 
of the correct polarity and 
magnitude(Sigma Form Y)_ 
Specs of major interest 
are as follows and are 
further discussed in a pre
liminary bulletin available 
on request. 

Series 33 

Actual Size 

S E R I E S  3 3  R E L A Y  

VIBRATION 30 g to SOOO cps with no contact 
apening(energized � de·energized) 

SHOCK, CONSTANT ACCEL. 100 g does not cause damage or 
open contacts (energized or de· 
energized) 

-

SENSITIVITY Operate 200 mw, release 2 mw. 

CONTACT RATING 2 amperes at 28 VDC/120VAC, reo 
sistive load, for 100,000 operations 
min. at 12S'C max. 

SPEED Operate time 2 to 20 ms, depending 
on overdrive; 

Release time 2.S ms, max. 

OPERATING TEMP. RANGE -6S'C. to +l2S'C. 

CONNECTIONS Plug·in, hook terminals or 3" leads 

MOUNTING Flange or stud 

ENCLOSURE Hermetically sealed 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 
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Here it • 

15-

The P Al!'l_.!.LI'!� T 9 OL 
ALL Industry 

has been waiting for! 

"" 

The NEW 

NO. 2  PROCESS 
ELECTROSTATIC 

HAND GUN 

t--:L l-l ARTICLE � 

u � 

CUTS PAINTING COSTS! 
Saves Paint because there's no waste. Now, 
for the first time, the high efficiency of Rans
burg's No.2 Process automatic equipment is 
available to you in the NEW Electrostatic 
Hand Gun. 

Saves Labor, Increases Production be
cause it is faster on many types of articles 
such as those fabricated from perforated and 
expanded metals, tubing, rod and wire. This 
is due to the "Wrap-around" nature of electro
spray which paints ALL sides of such articles 
from one side only. 

Saves in Equipment because no conven
tional spray booth is required-no water-wash, 
no sludge recovery! Uses no compressed air 
for atomization. 

Saves Building Heat Loss because only 
mild ventilation for removal of solvent vapors 
is necessary, and • • •  

Maintenance Costs Are Cut because clean
up and maintenance labor is only a fraction of 
that required by other, less efficient painting 
methods. 
See how YOU can save in your own finishing de
partment, and at the same time, improve the quality 
of the work. Write for literature and information 
showing how the Electrostatic Hand Gun has been 
proven on different produ�ts in a variety of indus. 
trial plants. -

RANSBURG 
Elec�ro-Coa�/ng Corp. 
Box-231 22, Adv. Dept., Indianapolis 23,Indiana 
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were combined mathematically in a 
digital computer to yield the geometry 
of the final model. 

A Lively Moon? 

The moon, long pictured as a cold, 
. dead companion of the earth, may in 

reality have a hot interior and a shift
ing surface which periodically dis
charges gases. 

At the annual meeting of the National 
Academy of Sciences in vVashington, 
Dinsmore Alter, director emeritus of 
the Griffith Observatory in Los Angeles, 
reported that photographs of the moon 
made on October 26, 1956, with the 60-
inch reflecting telescope on Mount 'Vil
son revealed an "obscuration " over part 
of the crater Alphonsus. The Mount Wil
son plates led a Soviet - astronomer, 
Nikolai A. Kozyrev, to train the 50-inch 
Crimea Observatory reflector and a 
prism spectrograph on Alphonsus, and 
on November 3, 1958, Kozyrev obtained 
spectrograms confirming a discharge of 
gas from the crater. On the night of 
November 18-19, a cloud was seen over 
Alphonsus by astronomers and amateur 
observers in England, California and 
New Jersey. 

The Alphonsus observations recall 
numerous reports by amateur astrono
mers during the past two centuries of 
changes in the lunar surface. Profes
sionals have ignored all such claims 
since 1902, when Simon Newcomb 
described the moon with finality as "a 
world ... on which nothing ever hap
pens." A new theory, also presented at 
the National Academy meeting, not 
only suggests an explanation of the 
Alphonsus observations but also presents 
a new and radically different picture of 
the moon. 

The theory was advanced by Harold 
C. Urey, Walter M. Elsasser and M. G. 
Rochester of the University of Cali
fornia. Its central feature is its rejection 
of the concept of a homogeneous moon 
with uniform internal density. Instead, 
U rey and his colleagues assert, the moon 
was formed from some tens or hundreds 
of thousands of accumulating masses of 
varying density. Since no melting oc
CUlTed, heavier masses are distributed 
irregularly through the moon rather 
than concentrated at the center; and 
there are irregular variations in the 
moon's internal density. 

The theory was developed in order to 
account for a troublesome irregularity 
in the shape of the moon, a projection 
of about a mile in the directions toward 
and away from the earth. Classical 
theory portrays the irregularity as a 

frozen tidal wave, an explanation re
quiring, according to Urey and his col
leagues, a moon with great internal 
rigidity and improbably low internal 
temperature. 

The irregularity is easily accounted 
for by the new theory. Moreover, the 
new hypothesis allows for -"considerable " 
movement of the lunar surface and the 
escape of gas as a result of heating of 
the moon's interior. 

Toward the Mohole 

�te in May a flotilla of research ves-
sels gathered in the Atlantic 200 

miles north of Puerto Rico to carry 
out the first step toward transforming 
the Mohole [see "The Mohole," by 
Willard Bascom; SCIENTIFIC AMERICAN, 
April] from idea to reality. The flotilla 
met to examine a 200-by-150-mile 
rectangle of the ocean bottom as a pos
sible site for the hole through the earth's 
crust to the mantle below. 

Sponsors of the Mohole propose to 
drill in the open sea because the earth's 
crust is thinner beneath the sea than 
beneath the continents. The area now 
being surveyed is known as the Outer 
Ridge; it is a slight rise in the ocean 
floor from the abyssal plain east of 
the Bahamas. In the region of the Outer 
Ridge, which lies some 14,000 feet be
low the surface of the sea, the earth's 
crust is only three and a half miles 
thick. By contrast, in continental 
areas the Mohorovicic discontinuity
the boundary between the crust and the 
mantle-is 15 to 20 miles down. 

Four ships are conducting the survey 
under the sponsorship of the AM SOC
Mohole Committee of the National 
Academy of Sciences. They are the 
Vema, from the Lamont Geological 
Observatory of Columbia UniverSity; 
the Gibbs, operated by Columbia's Hud
son Laboratories for the Navy; the 
Bear, from the Woods Hole Ocea
nographic Institution; and the Hidalgo 
of the Texas Agricultural and Mechan
ical College. Coordinator of the survey 
is John E. Nafe of the Lamont Observa
tory, chief scientist aboard the Vema. 

The four vessels are carrying out a 
variety of studies to determil)e whether 
the strata below the Outer Ridge are 
suitable for drilling. The program in
cludes measurements of seismIC refrac
tion, gravity and ocean-floor heat-flow. 
In addition, cores will be taken from the 
bottom to detelmine whether fossil-bear
ing sediments are present. One of the 
chief objectives of the Mohole project 
is to find deep sedimentary layers with 
fossils from the first billion years of 
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Dyna-Soar (for dynamic soaring) is a joint 

project between the Air Force and the NASA, 

and is an attempt to solve the technical prob

lems of manned flight in the sub-orbital regions. 

Advance knowledge on the project indicates 

how a boost-glide vehicle can operate from the 

outer fringes of the atmosphere where it can 

maneuver and be recovered undamaged. Studies 

show that by varying the original rocket boost, 

and thus the velocity, and with the control 

available to the pilot, the Dyna-Soar aircraft 

can circumnavigate the earth, followed by a 
normal and controlled landing. Boeing Airplane 

. Company, one of the competing companies for 

the development contract for the complete 

boost-glide system, has delegated to RCA the 

responsibility for the development of important 

electronic components of Dyna-Soar. 
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IMAGINATION IN SPACE 
Since Creation, man has looked out on space. At first, unknowing 
and incurious; then with the beginnings of understanding; now 
free and able to explore. Yet to move in space calls for wholly 
new concepts of energy. 

This, then, is the working philosophy of Hercules in chemical 
propulsion: To design and manufacture highly concentrated 
packages of energy as propellants and rocket motors; each compatible, 
controllable, predictable; and each perfected for its specific mission. 

HERCULES' BACKGROUND: A half-century of creative imagination 
in the evolution of propellants, from shotgun powder to the manufacture of 
everyone of the millions of U. S. rockets fired during World War II, and now 
to space propulsion. Hercules facilities today encompass research, design, 
engineering and staff organization for the production of the most advanced 
propellants. Illustrated brochure available on request. 

HER,CULES POWDER, COMPANY 
900 Market Street, Wilmington 99, Delaware 

XP59·3 
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life, a period in evolutionary history 
that is now nearly a complete blank. 

The survey will be completed by mid
June, but the results will not be known 
for several months. Drilling sites in 
the Pacific are also under consideration. 

Porpoise Hydrodynamics 

A secret well kept among porpoises 
is the way they manage to slide 

through the water at eight or 10 knots 
while hanging motionless in the bow 
wave of a ship. Certainly there is method 
in their motion, but what is the method? 
Writing in Science, P. F. Scholander 
of the Scripps Institution of Oceanog
raphy rejects one contemporary the
ory that explains the porpoise's move
ments in terms of gravity: When the 
porpoise exhales, the theory goes, it is 
heavier than water and can thus use its 
weight to slide down the slope of the 
wave. Scholander notes that, in a wave 
with a slope of 15 degrees, the forward 
component of the weight of a completely 
deflated porpoise would be only about 
one kilogram-barely enough to push the 
breathless animal along in smooth lami
nar flow, and not nearly enough to pro
pel it through turbulently flowing water. 

The porpoise's secret, says Scho
lander, lies in the tilt of its tail: It gets 
a forward push by leaning its tail fluke 
against the uprushing water of the wave. 
To measure this push quantitatively 
Scholander suspended a streamlined 
vane roughly the area of a porpoise's 
tail in the bow wave of a ship. A string 
made it possible to tilt the vane at vari
ous angles to the water rushing past it, 
and a lever attached to the vane indi
cated its drag in various positions. These 
measurements showed that the shear 
force of the bow wave at eight knots 
could impart a forward force of 18 or 
20 kilograms to a porpoise that kept its 
tail properly down. Moreover, because 
the water rushes both upward and out
ward, the playful porpoise may roll over 
on its side-which many rail-hangers 
have seen them do-and still enjoy the 
effortless fluid drive. Scholander sum
marizes the significance of his hydrody
namic experiments by stating: "This, I 
believe, is the way dolphins [porpoises] 
ride the bow wave, ancl if it is not, they 
should try." 

Colicine K 

M ore than 30 years ago investigators 
in Europe turned up the fact that 

some strains of the ubiquitous colon 
bacillus (Escherichia coli) generate 
agents specifically ancl selectively toxic 
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COMMUNICA 
Creativ� people at IBM are hard at work on 
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Questar is the finest and most versatile small telescope in the world. 
Its superb new optical system embodies the first basic discovery in tele· 

scope optics in 200 years. These optics belong to the new family of catadi
optric, or mixed lens-mirror, systems, and permit a full-sized 3o'S·inch 

telescope of 7-foot focal length to be compressed by optical folding into 
a closed tube only 8 inches long. Questar thus becomes the world's short
est high-powered telescope. 

All Questar's advantages stem from this ultra-compactness of its 

unique design. Superfluous now is the great tripod, the heavy machinery 
and counterweights of the long-tubed single-purpose telescope. In their 

place is a beautiful little 7-pound example of hand craftsmanship which 

is not just one, but several instruments. It does many things superbly well_ 
It does them so easily and conveniently that you might well ask why such 
an instrument was not made before. The answer is that an extremely short 

form of the new optics had to be developed, new methods devised for its 
manufacture, and radically new ways to mount a telescope invented and 
perfected. 

Questar introduced the new optics to the world in this daringly short 
design in May, 1954, after 8 years of research and development. Since then 

its performance has astonished everyone, including us who make it. It has 
firmly established the superfine small telescope on a new level of serious 
respect. And it has made this company not only the world's largest manu

facturer of short catadioptric telescopes but the only maker of f/ 2 Casse· 

grain high-power optical systems. 

-These paragraphs open the 3Z-page Questar booklet which 

is illustrated by some astonishing photographs, showing 1 and 

Z second detail, that let the instrument's high performance 

speak for itself. Questar costs only $995 in English fitted 

leather case and is sold only direct at one factory price. Terms 

are available. May we send you a booklet? 

�uestar 
BOX 20 . NEW HOPE . PENNSYLVANIA 

QUESTAR MAY BE SEEN IN THE 

TRAVELING EXHIBITION CALLED 

"20TH CENTURY DESIGN: U. S. A." 

ALBRIGHT ART GALLERY, 

BUFFALO FINE ARTS ACADEMY, 

MAY 3 TO JUNE 11, 1959. 

CLEVELAND MUSEUM OF ART, 

JULY 8 TO AUGUST 1, 1959. 

CITY ART MUSEUM OF ST. LOUIS, 

SEPT. 14 TO OCT. 25. 1959. 

to other strains of the bacillus. Investiga
tion over the years has yielded a total 
of 17 distinct colicines (as these agents 
are called), and has opened an intrigu
ing area of research. 

Colicines are elaborated by 20 to 25 
per cent of the nearly 200 strains of 
E. coli that can be distinguished by 
antigen-antibody testing procedures. 
While mainly active against strains of 
E. coli, some coli cines show activity 
against certain strains of Salmonella and 
other enteric bacteria. A puzzling re
lationship exists between the ability to 
generate colicines and resistance to 
bacteriophages, the viruses which infect 
bacteria. For example, E. coli mutants 
resistant to the phage T6 are frequently 
resistant to colicine K. No chemical 
relationship seems to exist, however, be
tween colicine K and phage T6. 

A clue to the nature of the mysterious 
colicines was reported to the meeting 
of the National Academy of Sciences. 
Colicine K is a part of the so-called 0 
antigen, a complex, variable antigen 
found in.E. coli and several other species 
of bacteria. 

Walter F. Goebel of the Rockefeller 
Institute and Tsunehisa Amano of Osaka 
University obtained purified 0 antigen 
from a colicinogenic E. coli strain, K235, 
and also from a non-colicinogenic mu
tant of K235. Immunological tests 
showed the two 0 antigens to be iden
tical in all respects save one. 0 antigen 
from the colicinogenic strain was highly 
toxic to certain E. coli strains that do not 
generate colicine K, whereas 0 antigen 
from the non-colicinogenic mutant was 
not. According to Goebel, the colicine-K 
property probably resides in the protein 
portion of the bactericidal 0 antigen. 

For the present, research on colicines 
is of pure! y theoretical interest. At
tempts to utilize 0 antigens during 
World War II for immunization against 
bacillary dysentery revealed that these 
antigens, when administered by injec
tion, are highly toxic to many species, 
including man. 

Space Menus 

The problems of eating and drinking 
under weightless conditions in space, 

long a topic of speculation among 
science-fiction writers, are now under 
investigation in a flying laboratory. Pre
liminary results indicate that space 
travelers will drink from plastic squeeze 
bottles and that space cooks will spe
cialize in semiliquid preparations re
sembling baby food. 

Julian E. Ward, Willard R. Haw
kins and Herbert Stallings of the U. S. 
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Test of Solar Titan gas turbine engine in one-man helicopter. 

Newest Solar gas turbine 
ideal for wide range of applications 

LIGHTWEIGHT, DEPENDABLE power is the 
keynote of this latest addition to Solar's 
growing family of gas turbine engines. 
Only 21 inches long and less than 1 3  
inches i n  diameter, the 5 2  lb, 7 0  hp 
turbine is one of the simplest fuel
burning engines ever made. Originally 
developed for one-man helicopters, the 
compact power plant is nearing the 
end of a comprehensive test program. 
Instant starting, a high power to weight 
ratio and reliability make it an ideal 

power source for airborne auxiliary 
power units, portable generators, mis
sile ground support and other impor
tant applications. 

Today, proven-in-service Solar gas 
turbines-ranging from 50 to 1100 hp
are creating new standards of perform
ance and reliability. They are easy to 
maintain, start instantly after long 
periods of inactivity, are only a fraction 
of the size and weight of conventional 
engines of similar hp, and can burn a 

ENGINEERS WANTED: Challenging projects, unlimited opportunities with Solar. Write today! 

wide variety of fuels - including gaso
line, kerosene, diesel fuel, jet fuels and 
natural or manufactured gas. Investi
gate the Solar family of gas turbines for 
your power needs. Write to Dept. 
G-1l4, Solar Aircraft Company, San 
Diego 12, California. 
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I dea: Transparent pipe that won't corrode! 
You'll find pipe like this used for 
drainlines in industrial labs, hospitals, 
schools, chemical plants, anophoto
engraving shops. 

The reason? No corrosion. Which 
means no leaks, no costly downtime, 
no expensive patchwork maintenance. 

Such piping is made from PYREX 
brand glass No. 7740. Besides being 
resistant to corrosion, it's unaffected by 
heat. It's smooth, inhibits build-up. It 
is inert, neither adding to nor taking 
from what comes in contact with it. 

All good reasons why people use 
this pipe for delicate substance�, too
like foodstuffs, beverages and pharma
ceuticals. 

Glass piping is only one of the thou
sands of forms in which you can get 
glass from Corning. And PYREX brand 
glass No. 7740 is only one of more 
than 65,000 different types of glasses 
in our files. 

From laboratory ware to lighting 
ware, from radiation shielding to ra
diant heating, from hermetically sealed 

capacitors to sparkling cooking ware 
-Corning can do almost anything with 
glass. 

More facts? Ask for "This Is Glass," 
64 pages crammed with exciting and 
profitable ideas. Or ask for Bulletin 
PE-3 on pipe, Bulletin PE-30 on drain
lines. Write to 49 Crystal Street, 
Corning, N. Y. 

CORNING GLASS WORKS 
CORNING MEANS RESEARCH IN GLASS 

CORNING CAN DO ALMOST ANYTHING WITH GLASS 
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Air Force School of Aviation Medidne 
have studied the experiences of 25 vol
unteers who attempted to eat and drink 
during "parabolic flights" in a jet 
fighter. (Parabolic flight temporarily 
balances centrifugal force against gravi
ty to produce brief periods of weight
lessness. ) 

According to a report in The ]ou1'11al 
of Aviation Medicine, almost all the 
volunteers found that drinking from an 
open container was a frustrating and 
exceedingly messy process. Under 
weightless conditions even a slowly 
lifted glass of water was apt to project 
an amoeba-like mass of fluid onto the 
face. Drinking from a straw was hardly 
more satisfactory. Bubbles of air re
mained suspended in the weightless 
water, and the subjects ingested more 
air than water. Only the squeeze bottle 
provided a satisfactory means of con
veying water to the mouth; sucking the 
water or squirting it as from a wine 
skin were equally effective. 

The volunteers had no difficulty in 
swallowing water or semiliquid foods. 
Solid or semisolid foodstuffs, however, 
often tended to float upward into the 
nasal passages instead of downward into 
the stomach. Even liquids sometimes 
failed to stay down after being swal
lowed, especially following light pres
sure on the abdomen. 

Heart-Lung Machines and Cancer 

Heart-lung machines, originally de-
veloped to provide oxygenated 

blood for patients during heart surgery, 
have begun to find other applications. 
One of the most striking was reported 
at a recent American Cancer Society 
seminar. It is the use of the heart-lung 
apparatus to perfuse malignant tumors 
with blood "spiked " with doses of 
cancer-suppressing chemicals far more 
concentrated than could be administered 
to the patient as a whole. 

The procedure was devised by Oscar 
Creech, Jr., of the Tulane University 
Medical School, but is also under in
vestigation in other medical centers. 
Creech himself has employed it in 110 
patients so far. 

The technique is applicable only to 
cancers confined to one region of the 
body. Skillful surgery is required to 
single out and connect to the heart-lung 
machine blood vessels draining the can
cer area, and to isolate the rest of the 
patient's circulation from the "spiked " 
blood. But it has. proved possible to per
fuse a surprisi�lg1y l��g list of organs. 
Perfusi<!ns of the leg,.luiig, breast, liver, 
colon, pelvis and brain have been car-

Are You. in.terested in. 

"Scien. tific Sh.orth.an.d.?" 
DATA SYNC Photo·Tape can permanently capture intimate, 
synchronized relationships of time, temperature and 
photogrammetric space-measurements, plus the "scientific 
shorthand" of multi-color radar and oscilloscope curves, and 
even the "inter-com" voices of engineers and technicians 
during the final count-down. These are all of vital importance 
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A.C. TIMING MOTOR 
Thinner ... Quieter ... 
More Reliable .. , More Versatile 

FINGER-THIN • • •  

Only 9/16 Inches Short .. _ Only 1 v,. Inches 
in Diameter ... very compact .. _ reduces 
the size of your equipment. 

WHISPER-QUIET • • •  

Strictly an electrical motor . _ • practically 
noiseless ... no rattling of gears or ratchets_ 

HIGH TORQUE • • •  

J,4 oz. inch at the rotor with an instantaneous 
start and stop ... requires only 2Y2 watts ... 
can replace larger motors in recorders. con
trols and telemetering equipment_ 

HIGHEST RELIABILITY • • •  

Longer life • .  _ no one-way gears or ratchets 
to fail . . .  provides millions of operations 
without any trouble. 
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S U B S I D I A R Y  o r  
AO D R E S S Q G R A P H _ M U L T I G R A P H  C O R P O R A T I O N  
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ried out b y  Creech and other surgeons 
without dangerous leakage of anti-can
cer chemicals to other parts of the pa
tient's body. Patients have been per
fused for up to an hour, and some of 
them have been perfused repeatedly 
without harm. 

As yet, knowledge of the most effec
tive drugs and dosages is limited. Never
theless, perfusion has halted the prog
ress of the disease for periods of up 
to two years in 32 of Creech's patients, 
all with advanced forms of cancer un
manageable by other means. Among the 
patients whose disease has been arrested 
are 19 with melanoma (of 31 melanoma 
patients treated altogether), ordinarily 
one of the most rapidly fatal types 
of cancer. 

A tomic-A ge A ccident 

I t was a miniature nuclear explosion 
and one man died from it-that much 

was clear at the time. But exactly 
what caused the radiation burst at the 
Los Alamos Scientific Laboratory on 
December 30 was not clear until 
the inquiry report was published. In 
Nucleonics the investigating committee 
(headed by Hugh C. Paxton of Los 
Alamos) reconstructed the steps that 
led to the explosion. 

At about 4 : 30 in the afternoon a 
technician peered through a viewing 
port at the plutonium solutions in a mix
ing vessel not much larger than a house
hold hot-water tank. This tankful was a 
little different from the 75 other batches 
he had processed, because he had de
cided to handle two batches simultane
ously, apparently to save time. The 
plutonium in the tank totaled 3 .37 
kilograms. He pressed the agitator 
switch and the solutions swirled to
gether; there was a muffled roar and a 
blue flash-the telltale Cerenkov radi
ation from fissioning nuclei. Forty feet 
away another technician heard the ex
plosion and saw its light reflected "like 
a photoflash" from the walls. He and 
another worker rushed to help the in
jured man, who ran from the tank shout
ing that he was "burning up," mistakenly 
believing that he had been burned by 
acid. Not realizing what had happened, 
his fellow-workers hurried him back past 
the radioactive tank to get him to a 
shower. Their efforts were worse than 
useless : the injured man was already 
past help, and in passing the tank his 
rescuers picked up significant radiation 
doses themselves. 

Although the mild explosion did not 
rupture the tank and no solutions es
caped, the burst's 101 7 fissions raked 

the victim with radiation equivalent to 
12,000 roentgens, 20 times the dose 
considered lethal to man. Within 15 
minutes he had lapsed into deep shock; 
36 hours later he died. The other two 
workers apparently suffered no serious 
ill-effects from the much smaller doses 
they had received. 

It was the U. S. atomic-energy pro
gram's third fatal radiation accident. The 
previous fatalities, one in 1945 and one 
in 1946, also occurred at Los Alamos. 

The Fainting Trumpeter 

p rofessional trumpet players know 
that when they hold a loud high note 

for several bars they may grow dizzy or 
black out. The dizziness is caused by 
high air pressure within the chest which 
lowers the supply of blood to the brain. 
Small boys achieve the same effect by 
holding their breath while a friend 
squeezes them around the chest. 

M .  Faulkner, of the University of 
California at Santa Barbara, and E. P. 
Sharpey-Schafer, of St. Thomas's Hospi
tal in London, recently set out to meas
ure the pressures produced by blowing 
the trumpet and other wind instruments. 
Their subjects, as described · in the 
British Medical Journal, were a surgeon 
once associated with a University of 
Cambridge dance band, "a novice . .. 
who purports to be learning the oboe," 
and Faulkner himself, who plays and 
teaches the trumpet professionally. 

The two investigators report that a 
professional trumpet player hitting 
high D reaches a mouth pressure of 160 
millimeters of mercury (a little more 
than three pounds per square inch ) .  
Neither of the two nonprofessionals 
could reach either high D or 160 milli
meters. The oboist achieved only 60 
millimeters during loud, high notes on 
his own instrument; comparable notes 
on the French horn required even lower 
pressures. 

Faulkner and Sharpey-Schafer note 
that many leading orchestras ease the 
strain on the first trumpeter by employ
ing an a·ssistant or "mate" who can 
take over during long, difficult passages 
such as are frequent in the music of 
Richard "Vagner. In theory, owhestras 
desiring to economize could dispense 
with the mate by having the trumpeter 
lie supine on the floor, thereby increas
ing the blood supply to his brain. It 
would be equally effective, the two in
vestigators state, to dress the trumpeter 
in a high-altitude pilot's pressure suit 
"which could be surreptitiously inflated 
by a switch on the conductor's desk" at 
appropriate points in the score. 
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For a handsome lithograph of this trade card, suitable to frame, write us for Data File 2L-55-98 

It 's a far cry from Scarlett 's day . . . when this purveyor of "all manner of Optick Glasses" sold his wares to King 

and commoner, to sycophant and scientist alike. Imagine your laboratory dependent on instruments like these. 

And yet- look around you - the equipment you're using may be almost as outmoded as Scarlett's.  For science 

and technology advance, not only by building on accumula ted knowledge, but by discovering new tools for 

new ways to see and to measure . l:1 That's the business of Beckman Scientific and Process Instruments Divi

sion . . .  providing the ultimate in advanced laboratory analytical instruments . . .  ultraviolet and infrared spec

trophotometers, pH meters, gas chromatographs, oxygen analyzers and many more. l:1 Learn what Beckman 

instrumentation can mean to you. Ask for Data File 2L-55-98. Bee k m a n1: 
Scientific and Process Instruments Division 

Beckman Instruments, Inc. 

2500 Full.,·ton Road. Full.,·ton, California 

It's a Fact : The unique double·monochromator of the Beckman IR·4 Infrared Spectro. 
photometer gives greater dispersion, energy and resolution than any instrument in its class. 
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A sci e nt if ic  co m p ute r m akes e co n o m i c n ews ! 

H oneywel l  800 

costs thousa nds l ess tha n  

a ny other  h igh -speed com puter  

New, all-transistorized Honeywell SOO matches the 
practical speed and performance of its fastest competition 
in the scientific field-yet costs at least one third less. 
Medium-scale in size (and price ) ,  Honeywell SOO can 
tackle and solve with ease scientific problems that would 
stretch the capabilities of some of the most expensive 
computers now on the market. New, exclusive features of 
design and logic equip Honeywell SOO to handle scientific 
computation with unparalleled economy - a  vital con
sideration as research directors everywhere count engi
neering costs more closely. 

H i g h  I n t e r n a l  O p e rati n g  S p e e d s  

Honeywell SOO gives you an internal operating speed of 
30,000 three-address operations per second, the equiva
lent of 70,000 single-address operations as performed by 
conventional computers. Honeywell SOO can invert an SO 
by SO symmetric matrix in 75 seconds - or fit 100 points 
with a 1 0th degree polynomial curve in one second. The 
traj ectory of an artillery shell can be determined in 1/30th 
the time it takes the shell to describe it. 

E x p a n d a b l e  M e m o ry 

The high-speed magnetic core memory of Honeywell 
SOO is available in modules of 4,096 words, up to a prac
tical maximum of 4 modules (1 6,3S4 ) .  Of course, if your 
scientific problems demand an even greater capacity, up
ward adjustments can be made. And remember - the 
memory capacity of Honeywell 800 is expressed in 4S-bit 
words, which are half again as long as those of most other 
systems. 

Also available are magnetic tape units capable of op
erating at a peak rate equivalent to 1 1 2,000 decimal dig
its per second. With such high speed you can now invert 
large matrices or solve large linear programming prob
lems - fast and efficiently - without the expense of a 
huge memory. 

Both D e c i m a l  and B i n a ry Floati n g  P o i n t  

Honeywell SOO's exclusive ability to work in either 
decimal or binary, fixed or floating point arithmetic en
ables you to choose the form most convenient to your 
purposes. 

L o n g e r  Words S p e e d  P r o b l e m  S o l u t i o n s  

The greater length of the Honeywell SOO word permits 
the System to utilize single-precision arithmetic when 
other computers would be forced to slow down for double 
precision. 
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The floating decimal word in Honeywell SOO has a range 
of 63 digits before the decimal point to 64 zeroes plus 1() 
digits after it. This sharply reduces the overflow or under
flow which complicates programming on other computers. 
Also, the mantissa (base number) has 10 digits, minimiz
ing the need for drawn-out, multiple-precision computa
tion . 

The floating binary word provides even greater range 
and precision. Numbers may range from the equivalent 
of 75 decimal places before the decimal point to 76 zeroes· 
and 12 decimal digits after it. The mantissa has 40 binary 
places, the equivalent of 12 decimal digits. 

M axtrn u lTO  F l ex i b i l ity In P ro g ra m m i n g  Stru cture 

As you would expect from the company "First in 
Control," Honeywell engineers and scientists have de
signed Honeywell SOO to give the programmer much 
greater control, freedom and flexibility in handling scien
tific computations. Besides three-address instructions, 
greater word length and the option to work in binary or 
decimal, floating or fixed-point arithmetic, Honeywell SOO 
offers the programmer several other maj or advantages in 
flexibility. 

Indexing (64 index registers) reduces the number of 
orders required in inductive programming, hence steps 
up computing speed and conserves memory space. Word 
Masking adds the flexibility of variable-length words to 
the speed and efficiency of fixed-length words. Indirect 
Addressing enables you to perform such functions as a 
table look-up or an interchange of rows and columns of 
a matrix with a single instruction . Honeywell SOO's 
exclusive Bi-Sequence Operation Mode gives you the flexi
bility to depart from the basic program sequence and re

.turn to the proper point - without writing special 
instructions. 

Full C o m p l e m e n t  01 I n put-Output D e v i c e s  

In addition to magnetic tape, Honeywell SOO features a 
full range of standard and high-speed input-output de
vices in both on-line and off-line models. These include 
keyboard, paper-tape, punched card and printing devices. 
Buffering, input-output trunks and internal control have 
also been designed to simplify the addition of special 
purpose equipment. 

No other system can be adapted so closely to your im
mediate and specific requirements, or be expanded so 
easily and economically as those requirements grow. 

© 1959 SCIENTIFIC AMERICAN, INC



A u t o m a t i c  E r r o r  C o r re c t i o n  

Completely self-checked internally and externally, 
Honeywell 800 offers you still more : Orthotronic Control. 
This exclusive means o f  tape error correction has econom
ically raised the reliability level o f  Honeywell 800 far 
beyond the reach of any other computer. 

With Honeywell 800 you could easily expect to perform 
- without interruption - a matrix inversion requiring 
1 Y2 days o f  computer operatio n .  Orthotronic Control is 
another reason why Honeywell 800 can introduce new 
economy to scientific computation.  

Data P r o c e s s i n g  G o e s  O n  S i m u l t a n e o u s l y  

Honeywell 800's much-heralded principle o f  Automati
cally Controlled Parallel Processing enables this System 
to process business data at the same time scientific prob
lems are being solved.  Several different and independ
ently programmed j obs can be processed simultaneously 
-business, scientific or both. Even a minimum use of  
p arallel processing insures your company o f  operating 
efficiency and economy that n o  other system can ap
proach. 

4 

3 

2 

o 
0 

4.0 

3 . 0  

en � 2 . 0  :::> c: 
� 

1 .0 

0 
0 

1 00 

7 5  

til " c: 0 5 0  () '" en 

25 

0 
o 

I I I 
Tim ing C h a rt for Matrix M ulti pl ication / 

/ 
J 

/ 
----V 

20 40 60 80 
Size of M atrices 

Tim ing  C h a rt fo r Matrix I n version 

20 40 60 80 
Size of M a t rices 

1 0 0  

1 00 

nm'o, J"ort ,., c.m.�.o, 00, Po,o;' 10 0 / 
System of n Differential Eq uations. 

V 
/ 

/ k 

� / 
1 0  2 0 30 

N u m be r  of Equation s  
40 

A U T O M A T I C  P R O G RA M M I N G  A N D 

LI B RARY R O U T I N ES C U T  COSTS 

O F  P R O B L E M P R E P A RATION 

Automat ic  p rog ra m m i ng a i d s  and l i bra ry rout i n e s  current l y  
i n  prepa rati o n  i nc l ud e  the fo l l owi n g : 

A l g e b r a i c  C o m p i l e r  

The H o neywe l l  800 A l g e b ra i c  Com p i l e r  uti l i zes  the sa m e  
s c i e nt i fi c  l a n g u a g e  used o n  severa l oth e r  popu l a r  c o m puters.  
The su brouti ne  l i brary cons i sts of routi nes  com m on l y  used i n  
s o l v i n g  sc ient ifi c  p ro b l e m s . Thus,  e x i st i n g  prog ra m s  written i n 
th i s  l a n g u a g e  c a n  be run on H o n e y we l l  800.  Because of the 
speed a nd effi c i e ncy of H o neywe l l  800, some of these p ro g ra m s  
wi l l  b e  processed fa ste r tha n  o n  t h e  system for wh ich they were 
writte n .  

A s s e m b l y  P r o g r a m  

The H oneywe l l  800 Asse m b l y  P rog ram a s s i sts the p ro
g ra m m e r  b y  provi d i n g  a utomat ic  tra n s l at i o n  from s i m p l e  
pseudo codes t o  m a ch i ne l a n g ua g e ,  a ss i g n i n g  m e m o ry a d 
d resses t o  s y m b o l i c  ta g s  - a s se m b l i ng v a r i o u s  routi nes  com 
p r i s i n g  the p rog ra m ,  a nd v a r i o u s  h o u se k e e p i n g  funct i o n s  a s 
soc i ated w i t h  p rog ra m prepa rati o n .  The j o b  of writ i n g  p r o 
g ra m s  i s  g reatl y s i m p l i fied,  costs a re reduced and a c c u r a c y  i n  
p rog ra m p r e p a r a t i o n  i s  i nc rea sed . 

A ut o m a t i C  P r o b l e m  C h e c k o u t  

The H a n e ywe l l  800 Auto m a t i c  P ro b l e m  Check out i s  a set of 
routi nes  d e s i g ned to p rovid e  the p rog ra m m e r  with a c o m p l ete 
e v a l uat ion of h i s  prog ra m u n d e r  o pe rat ing  condi t ions .  Errors 
a re l ocated m o re q u i c k l y , changes made m o re eas i l y ,  mach i n e  
t i m e  fo r chec k i n g  p u r poses i s  m i n i m i z ed a n d  prog ra m m a n a g e 
ment  i s  m a d e  m o re wor k a b l e  -a nd p red i cta b l e .  

S c i e ntific R o u t i n e s  

A n  e x p a nd a b l e  l i b ra r y  of H o neywe l l  800 sc ie nt ifi c  rout i n e s  
i s  b e i n g  m a d e  a va i l a b l e  f o r  com putat ions  i nvo l v i n g  tr igono
m etr ic  functi ons,  matr ix  m u l t i p l icat ion,  matr i x  i nvers i on,  inter
polat ion,  cu rve fi tt i n g ,  o rd i na r y  d i ffe rent i a l  equat i ons, and 
l i nea r p rog ra m m i n g .  

D ata Process i n g  C o m p l i e r  

The H oneywe l l  800 D a t a  P rocess ing Com p i l e r  s i m p l i fi e s  
p ro b l e m  p re p a rat ion a n d  cod i ng a n d  provides  fo r canve n i ent 
uti l izat ion of pre-tested l i brary routi nes .  The p rag ra m m e r  pre
pares h is  problem i n  eas i l y - l ea rned bus iness- l a ng u a g e  codes,  
which  a re then a utamatica l l y  tra n s lated i nto machine l a n g u a g e  
by t h e  tra n s latar .  I n d i v i d u a l  rout ines,  wheth e r  prepa red o r  
e xtracted from t h e  l i bra ry,  a re com p i l ed i nta a c o m p l ete pro
g ra m  at  mach i n e  speeds .  Provi s i o n  for e x p a n d i n g ,  m o d i f y i n g  
and m a i nta i n i ng the subrouti ne  l i b ra r y  a re i n c l u d ed i n  t h e  
Honeywe l l  800 Data Process ing Com p i ler .  

I n  addit ion,  g e n e rator routi nes  fo r i n put a n d  output  ed i t i n g  
a nd sorti n g  fu rther  reduce progra m m i n g  costs. 

"Honeywell 800, a Superior Scientific Computer" is a 
booklet containing full details and specifications of this 
new and exciting economic approach to complex scientific 
computation. To get your copy, j ust write Minneapolis
Honeywell, DATAmatic Division, D ept. SI, Newton 
Highlands 6 1 ,  Massachusetts. 

Honey","ell 
rJ.jl DATA rn ati c � E LECTRO N I C DATA PROC E S S I N G 

8 9  
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BEER 

Nlan has n1ade this exquisite beverage for 6,000 years, but it 

IS only in the past century that he has begun to understand 

the subtle enzyme chenJistry and microbiology of the process 

A:1Y solution of the sugary substances 
of grains, if permitted to stand, 
will soon become infected by mi

croorganisms. With a little care, the fer
mentation process that follows can be 
made to yield a potable, mildly alcoholic 
beverage. Men have made this discovery 
wherever they have cultivated grains. 
Archaeological evidence shows that 
brewing had developed into a serious art 
as long as 6,000 years ago in the valley 
of the Nile. The peoples of the Orient 
long ago learned to brew sake and re
lated beverages from rice. In the New 
''''orld, in 1502, Columbus was present
ed with "a sort of wine made from maize, 
resembling English beer." 

What we call beer-the brew of barley 
malt flavored with the bitter essences of 
the hop flower-has been the folk bev
erage of northern Europe from earliest 
times. In the monasteries of medieval 
Europe brewing was as widely practiced 
as baking. The monastic imprint is seen 
today in the symbols of quality XX and 
XXX; in Bavaria one nunnery still has a 
sister brewmistress! But beer was also 
one of the first commodities to be indus
trialized. By the middle of the 17th cen
tury such great brewing centers as Ox
ford, Burton-on-Trent and Munich were 
already establishing their reputations. It 
fell to Charles I of England to recognize 
beer as a source of tax revenue; he im
posed the first beer duty in 1643. 
Brewed and consumed in increasing 
quantity throughout the 18th and 19th 
centuries, beer became a major source of 
nourishment, refreshment and solace to 
the peoples of Western civilization. In 
the words of A. E. Housman, "Malt does 
more than Milton can,/To justify God's 
ways to man." Today the Belgians, con
suming 31 gallons per capita per year, 
lead the beer drinkers of the world; 
the U. S. ranks about sixth. 
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by Anthony II. Rose 

While brewing has not lacked for 
esthetic appreciation throughout its long 
history, it is only recently that we have 
begun to understand what a remarkable 
art it really is. Now that we know a little 
microbiology and biochemistry we can 
see that the brewmaster, by trial and 
error, has been manipulating some of the 
subtlest processes of life. To scientific 
studies we owe many improvements in 
brewing technology, especially under 
the heading of quality control. But in 
some ways the debt runs more heavily 
the other way. A study of the diseases of 
beer led Louis Pasteur to discover that 
yeasts bring about the desired fennen
tation to alcohol, and that "sickness" in 
beer is caused by bacteria that yield lac
tic acid, acetic acid or other unwanted 
end-products. This discovery not only 
laid the foundations of the scientific ap
proach to brewing but also helped to 
open up the whole field of microbiology. 
The problems of brewing technology 
played a similar role in the birth of bio
chemistry. When the German brothers 
Eduard and Hans Buchner showed in 
1897 that cell-free extracts of yeast 
could cause fermentation of sugar, they 
exploded once and for all the cherished 
notions of "vitalism." Their discovery 
opened the way for all subsequent work 
on the chemistry of life. As a result of 
two generations of scientific investiga
tion, the ancient lore of brewing is now 
enriched by knowledge that has rele
vance to the enjoyment as well as to the 
brewing of beer. 

The Barley Corn 

The key step in the brewing process 
is of course the addition of yeast to the 
brew; the yeast ferments or breaks down 
certain of the grain sugars to alcohol and 
carbon dioxide, producing "young" or 

"green" beer. This step, however, comes 
only as the climax to a whole series of 
operations that play a decisive part in 
determining the ultimate taste, aroma 
and appearance of beer. Of the first im
portance is the character of the grain 
from which beer is made. The word 
"beer" comes from the Saxon word for 
barley: baere. Barley was one of the 
most important cereals in the early 
civilizations. Even when barley was dis
placed by wheat as a raw material for 
baking, it retained its pre-eminence in 
brewing. 

The barley corn or seed is a spindle
shaped structure. If we remove the pro
tective husk of the corn, we see the tiny 
embryo of the plant and the relatively 
large mass of endosperm tissue, which 
consists mainly of food reserves that sup
port the germination of the embryo. It 
is the food reserves, in particular the 
polysaccharide constituents, that are im
portant to the brewer. These polysac
charides are large molecules made up 
of smaller sugar units such as glucose 
and maltose. 

Now if brewer's yeast is merely added 
to a suspension of ground raw barley 
corns in water, no fermentation occurs. 
The yeast cannot convert the barley 
polysaccharides directly into alcohol and 
carbon dioxide; it can only act upon the 
simple sugars from which the. polysac
charides are formed. The polysaccha
rides must therefore be hydrolyzed 
(broken down with the addition of wa
ter) to their component sugars. This 
could be accomplished quite simply by 
cooking the grain with a dilute mineral 
acid, but since the object is to produce a 
palatable beverage, such a procedure is 
far too drastic. The brewer employs a 
much gentler process. 

It happens that the polysaccharides 
must be broken down in the process of 
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BREW KETTLE in a New York brewery is filled with malt wort 

produced by allowing the enzymes of barley corns to digest the pro· 

SETTLING TANK is where the wort cools and solids settle out 

01" it "fter it has left the brew kettle. The wort is now further 

tein and starch of the barley and of "adjuncts." Here the wort is 
boiled to destrQY the enzymes. Hops are added by the man at bottom. 

cooled and sent to the fermenting tanks (see illustration at top 
of next page). The entire process is outlined on pages 94 and 95. 
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OPEN FERMENTING TANK is where yeast is added to the wort, 

which has been filtered of its hops and cooled. The yeast enzymes 

LAGER TANKS are where the "green" beer is aged for several 

weeks at 32 degrees F. The beer is then filtered to remove traces of 
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now ferment the wort sugars to alcohol. Here the yeast sinks to 

the bottom of the tank; on the top is a foam caused by fermentation. 

yeast and a suspension of protein that is precipjtated by chilling. 

Finally the beer is carbonated and bottled, canned or barreled. 
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germination in order to' supply the 
sprouting embryo with the simpler sug
ar units it requires for growth. This 
breakdown is brought about by the ac
tion of certain enzymes that are manu
factured inside the grain, several differ
ent enzyme systems taking part in the 
breakdown of various endosperm con
stituents. The most important of these 
are the amylases, which hydrolyze the 
polysaccharides. But barley also contains 
proteins, and these large molecules are 
also broken down into their component 
peptides and amino acids. The brewers 
of old learned to prepare the grain for 
fermentation by utilizing this elegant 
built-in enzymic apparatus, even though 
they could hardly have suspected how 
it works. 

The first step in brewing, then, is to 
germinate the barley. In this "malting" 
process the grain is steeped in water and 
then transferred to aerated chambers or 
slowly revolving drums in which careful 
control of temperature, moisture and 
oxygen promotes uniform germination. 
When the desired stage of growth has 
been reached, gentle heating brings 
germination to a halt, with temperature 
again carefully controlled to m!l11mlZe 
the damage to heat-sensitive enzymes 
Prolonged heating produces a darker 
grain, sometimes employed in the brew
ing of darker beers. At this point, how
ever, only a small proportion of the endo
sperm polysaccharides has been broken 
down. The object in malting is not to get 
the hydrolysis well under way, but sim
ply to allow the grain to manufacture 
all of the necessary enzymes. Malting is 
predominantly a mobilizing or "tooling
up" process. Nowadays, in fact, malting 
is not strictly a part of the brewer's op
erations; it is carried out by maltsters, 
who then deliver prepared malt to the 
brewery. 

The Mashing Process 

The brewing process proper begins 
with "mashing": Ground malt is mixed 
with hot water, and permitted to stand 
for a short time. Now the malt enzymes 
go to work, and the breakdown of the 
polysaccharides begins. Since the en
zymic capacity of the malt far exceeds 
that required to break down all of the 
endosperm starch, other starchy mate
rials are added to the mash. These "ad
juncts" increase the volume of fermenta
ble sugars but contribute little if any
thing to the taste and aroma of the beer. 
As the enzymes digest the starch and 
proteins of the malt, the breakdown 
products-sugars, peptides and amino 

acids-dissolve and diffuse into the wa
ter to make sweet malt "wort," the liquor 
that the yeast is later to ferment. 

Generations of brewmasters learned 
empirically to subject the mashing proc
ess to precise control by the regulation 
of temperature, the temperature cycle 
being designed in each case to yield the 
sugar content and other qualities in the 
wort called for by the type of beer being 
brewed. Usually the malt is first mixed 
with water at a temperature of 105 de
grees Fahrenheit, and is kept at this 
temperature for an initial "resting" pe
riod of 30 minutes. Meanwhile, in a 
separate mash tub, the cereal adjuncts 
are infused with water at the same tem
perature and brought gradually to a boil. 
When the contents of this tub have been 
cooked to a gelatinous texture, they are 
added to the malt mash, resulting in a 
final mixing temperature of some 157 
degrees F. After being maintained at 
about this temperature for another half 

hour, the mixture is "mashed off" or 
stabilized by heating it up to 175 de
grees, a temperature that destroys most 
of the enzymes. 

Today we can explain the importance 
of temperature control during mashing 
because we have made the acquaintance 
of the principal enzymic actors in the 
process. Each of these enzymes func
tions best in a characteristic range of 
temperature. During the resting period, 
when the temperature is held at 105 de
grees, the protein-decomposing enzymes 
find the environment most congenial. 
The pep tides and amino acids produced 
by the breakdown of proteins do not 
contribute directly to the production of 
alcohol; however, they provide essential 
food substances for the yeast and give 
the beer body as well as head-retaining 
properties. Thus it is important that just 
the right amount of protein should be 
broken down in the mashing process. 

As the mash is heated up by the addi-
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ENTIRE BREWING PROCESS is outlined in this flow chart. The 

barley corns are ground and placed in the malt hopper (a) ; from 

thence they go to the mash tub (b). Corn (or other adjuncts) is 

placed in the adjunct hopper (c ) ,  boiled in the adjunct cooker (el) 
and added to the mash. The malt wort is then filtered in the lauter 

tub (e). The clear wort goes to the brew kettle (f), where hops 

tion of the adjunct mixture, the starch
digesting enzymes-the amylases-come 
into play. Starch is not a simple polysac
charide, but consists of a mixture of two 
glucose polymers: amylose, made up of 
straight chains of glucose units, and 
amylopectin, made up of branched 
chains. Moreover, there are at least two 

distinct starch-hydrolyzing enzymes in 
malt: alpha- and beta-amylase. The un
branched amylose chains are broken 
down by beta-amylase, which chops off 
the glucose units two at a time to give 
the disaccharide maltose. Theoretically 
beta-amylase can break down the amyl
ose completely; in practice the reaction 
is inhibited by the accumulation of 
breakdown products. But beta-amylase 
cannot completely break down the 
amylopectin molecule, because its action 
is halted at points where the chain 
branches. The other enzyme, alpha
amylase, makes up for this deficiency; 
it is able to split the branched chains 
into smaller fragments and thus provide 
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additional straight chains that can be 
nibbled away by the beta-amylase. The 
beta enzyme prefers temperatures in the 
region of 140 degrees F., while the alpha 
enzyme acts most efficiently at the slight
ly higher temperature of 150 to 170 de
grees. Thus the relative proportions of 
alpha- and beta-amylase activity can be 
controlled by the temperature of the 
mash and by the proflle of the curve on 
which the temperature is shifted. 

Higher temperatures will tend to pro
mote alpha action and discourage beta, 
and will thus result in a smaller propor
tion of fermentable sugars. Worts 6f this 
type have a correspondingly higher pro
portion of dextrins (short units, both 
branched and unbranched), which can
not be fermented by brewer's yeast but 
which contribute to the character and 
body of the beer and help to maintain a 
stable foam. Brewers use worts of this 
type to brew beers with a low content 
of alcohol. Thus careful control of tem
perature during mashing has always 

given the brewmaster an opportunity to 
exercise his skill. Only recently have we 
come to realize that he is in fact the 
choreographer of an enzymic ballet. 

After mashing off, the contents of the 
tub are transferred to the "lauter" tub 
(Zauter in German means "clear"). This 
is a cylindrical tank having a false bot
tom of slotted plates, through which the 
clear malt wort is run off, the cereal 
husks forming an ideal filter bed. The 
husks are further "sparged," or leached 
with hot water to augment the volume 
of wort extracted. At this point the brew
ing process yields a valuable by-product 
in the form of the spent grains, which 
make excellent cattle feed. 

The Addition of Hops 

The clear malt wort is now run into 
a steam-heated copper or stainless-steel 
brew kettle, in which it is boiled for 30 
to 60 minutes. In the process any re
maining enzymes are destroyed, and the 
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are added. The hops are removed by the hop strainer (g); other 

substances, by a settling tank (h). The wort is now cooled (i) and 

sent to open (j) and closed (k) fermenting tanks. In the closed 

tank carbon dioxide is collected and later used to carbonate the 

beer. After fermentation the green beer goes to lagering tanks (I, " 
and p). As it passes from one tank to next it is filtered (m and 0). 

wort is sterilized and somewhat concen
trated. More important, dried hops are 
added to the boiling wort in amounts 
and at intervals that vary with the type 
of beer. German beers and the U. S. 
beers that are modeled on them are usu
ally hopped at the rate of about half a 
pound for each barrel, but for the Eng
lish ales the fate is much higher, in some 
cases as high as a pound and a half per 
barrel. Hops are added primarily to im
part the characteristic aroma and pleas
ant bitterness of beer. Although hops are 
now universally used fOf this purpose, it 
is interesting to note that prior to the 
17th century mixtures of various herbs 
were commonly employed to flavor beer. 
Thus in Thomas Tryon's A New Art of 
BI'ewing Beel', Ale and Other S01·ts of 
LiqtlOrS, published in 1691, we read: 
"Here give me leave to tell you that 
there are a great number of brave Herbs 
and Vegitations that will do the business 
in brewing as well as Hops . .. .  Penny 
Royal and Balsam . . .  are of excellent 

use in Beer and Ale: the like is to be 
understood of Mint, Tansie, Wormwood, 
Betony . . .  and good Hay." The hops of 
brewing are the cone-shaped flowers of 
the female hop plant, each cone consist
ing of a spindle with between 50 and 
100 petals. The hop flowers are picked 
when ripe, and are dried and pressed 
before being shipped to the brewery. A 
century ago most of the hops in the U. S. 
came from New York and Vermont; the 
principal hop-producing areas are now 
along the Pacific coast and in Idaho. 

Boiling in the brew kettle extracts 
from the hops a variety of substances. 
These include oils and complex bittering 
substances such as humulone, cohumu
lone and adhumulone, all of which con
tribute to the flavor and aroma of beer. 
Antiseptic substances are also extracted; 
these help to prevent microbial spoilage 
in the finished beer. In addition, the hops 
contribute tannins. These are of special 
importance in the brewing process, for 
they combine with the protein in wort 

to form an insoluble sludge that settles to 
the bottom of the brew kettle. If the pro
tein is allowed to remain in the wort, it 
tends to precipitate later as a haze in the 
beer, a considerable hazard to consumer 
acceptance. 

After boiling, the hops are strained 
off and the wort is cooled to 45 or 50 
degrees F. Cooling throws down a fur
ther deposit of protein-tannin sludge. 
which is filtered off. Just before the cool 
wort is transferred to the fermentation 
tank, it is aerated with sterile air to make 
it more hospitable to the yeast that is to 
be planted in it. 

Top· and Bottom·Fermentation 

Here we come to one of the major 
differences between British and Conti
nental practice. It is this difference that 
occasions so much confusion among 
U. S. consumers, who enjoy the privilege 
of choice between the products of both 
types of brewing. The distinction arises 
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STARCH of malt is a polymer of glucose, that is, a repeating chain 

of glucose units. A single glucose unit is shown to the right of 

the broken line, which indicates that the chain is repeated. The 

black balls represent carbon atoms; the gray balls, hydrogen atoms; 

the colored balls, oxygen atoms. Starch is actually a mixture of 

two glucose polymers: amylose, consisting of a straight chain of 

from the behavior of the yeast during 
fermentation. In Britain brewers still 
employ types of yeast that rise to the 
surface during fermentation. The "top
fermentation" beers come in many varie
ties, from relatively pale ales to porter 
(a dark, heavy ale popular in Ireland) 
and stout (also dark and heavy, but with 
a higher alcoholic content). In the U. S. 
top-fermentation and a taste for ales ar
rived on the Mayflower. The Pilgrims 
recorded that they landed at Plymouth 
with misgivings and were forced to set
tle on that forbidding shore because they 
had drunk all their beer. But they had 
brought their yeast balm, and ales are 
still preferred in New England. 

Elsewhere in the U. S. the brewing 
industry derives its traditions from the 
brewmasters who came from Germany 
in the 19th century to set up large com
mercial breweries. The Germans brought 
the new technique of "bottom-fermen
tation," which, as the term indicates, 
employs a yeast that settles to the bot
tom during fermentation. The German 
"lager" beers are usually paler than ales, 
and are rather more mellow in flavor. 
There are three main types: Miinchner, 
Dortmunder and Pilsener, named after 
the towns in which they were first 
brewed and here listed in orde�' of their 
color from dark to pale. Under the pres
sures of standardization arising from 
mass distribution U. S. beers have 
tended to become increasingly pale and 
thus to resemble the Pilsener beer; they 
have less hop flavor, however, and are 
much more highly carbonated. A sea
sonal exception to this trend is bock 
beer, the dark, full-flavored beer that 
certain U. S. brewers still put on the 
market in the spring. Originally brewed 
in Bavaria during the Easter celebra
tions, bock beer gets its name from the 
German word for goat, which animal is 
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the zodiacal sign for the month of March. 
Whether top- or bottom-fermentation 

is used, about one pound of yeast slurry 
is "pitched" into the tank for each barrel 
of beer. Malt wort furnishes an ideal diet 
for yeast; during the fermentation pe
riod of six to nine days the organisms 
not only multiply about threefold but 
also break down a large proportion of 
the sugars in the wort to alcohol and 
carbon dioxide. The concentration of 
alcohol at the end of the process is about 
4 per cent in lager beers and somewhat 
higher in ales. Thanks to investigations 
founded by the Buchner brothers, we 
now know of the dozen or so enzyme 
reactions involved in the fermentation 
of sugar to alcohol. Some of the energy 
that is produced is utilized for growth, 
but by far the greater part of it escapes 
as heat. To keep the fermenting brew 
at the optimum temperature (55 de
grees F. for lager beers and 60 to 65 de
grees for British ales) the fermentation 
tank must be refrigerated. Before the ad
vent of mechanical refrigeration, beer 
was commonly fermented in caves or 
underground cellars; the fermentation 
section of a brewery is still quite often 
referred to as the "cellar." In addition to 
fermenting the sugar, yeast also brings 
about a host of other changes in the 
chemical composition of the wort; very 
little is known, however, of the nature 
of many of these changes. 

The Yeast Organism 

Most of the bottom-fermentation 
yeasts used in the U. S. and in Europe 
today are strains of Saccharomyces carls
bergensis, which takes its name from the 
great Carlsberg brewery in Copenhagen, 
or of Saccharomyces cerevisiae. Top
fermentation yeasts are all strains of 
Saccharomyces cerevisiae. Our familiar-

ity with these microorganisms goes back 
only to Pasteur. But even before the mid-
19th century brewing yeasts were se
lected by spontaneous fermentation and 
by long-continued and repeated trans
fers from one brew to another. At least 
one archaeologist has claimed that traces 
of yeast found in urns dating back to 
1440 B.C. were decidedly superior to 
those in vessels of 3400 B.C. The Danish 
botanist Emil Christian Hansen was one 
of the first to develop techniques for iso
lating yeasts in pure culture, and he in
troduced these yeasts into breweries. To
day many brewers employ pure strains 
of yeast that are especially suited to 
brewing. The cultures are renewed at 
intervals varying from a few months to 
several years; by careful control the 
yeast may be kept reasonably free from 
contaminating microorganisms. 

At the end of fermentation the yeast 
has settled to the bottom of the vessel. 
The green beer is now pumped into large 
lager tanks, where it is kept at about 
32 degrees F. for several weeks. The 
yeast, separated from the beer, can be 
used again. Lagering permits the beer 
to mature, with the result that both taste 
and aroma become decidedly mellower. 
We are, however, almost completely ig
norant of the nature of these maturation 
changes. In all probability they are 
largely attributable to the production of 
minute amounts of unidentified alcohols 
and esters by the traces of yeast that re
main in the beer. After lagering, further 
filtration through diatomaceous earth re
moves these traces of yeast and also a 
fine suspension of protein that is pre
cipitated by chilling. The beer is then 
carbonated, usually by the injection of 
carbon dioxide but occasionally by a 
secondary fermentation under pressure, 
known as "krausening." When the prod
uct is bottled or canned, it must be pas-
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glucose units, and amylopectin, consisting of 

branched chains. The straight chain of amyl· 

ose may consist of as many as 300 units. 

teurized by heating it to a temperature 
of about 140 degrees F. for 15 to 20 
minutes, a treatment that is sufficient to 
kill most of the microorganisms capable 
of growing in beer. The beer marketed 
in aluminum or stainless-steel kegs to the 
restaurant and bar trades is not pasteur
ized, and so is kept under refrigeration 
until it is consumed. 

The sequence of operations for con
verting barley and hops into beer that 
we have reviewed here is the result of 
centuries of empirical development. 
Though the knowledge gained in the 
past 50 years has disclosed the solid sci
entific foundations upon which the art 
has rested, it has so far improved upon 
it only in detail. However, with the 
deeper understanding provided by the 
biochemist, the brewmaster is better 
equipped to deal with problems that 
continue to arise even after 6,000 years. 

The Problem of Haze 

Probably the most pressing brewing 
research problem arises from the new 
habit of drinking beer from cans and 
bottles that have been kept in storage 
and are then decanted into clear glasses. 
For centuries beer was dispensed from 
kegs and drunk out of mugs and tank
ards; it was then judged solely by taste 
and smell. But in the recent past the 
locus of beer drinking has shifted to the 
home. It has now become necessary to 
produce beers that can be shipped long 
distances and kept on the shelf for un
predictable periods of time in a variety 
of temperatures, and will still be crystal
clear when they are poured into a glass. 
Unfortunately beers that have been so 
treated often tend to develop a haze, and 
consumer demand requires that this be 
eliminated. 

One type of haze is caused by infec· 

SAVE THE CHILDREN 

Christos has almost given up hope 
Little Christos never has any fun. Life 
to this ten year old Greek boy is 
drudgery and bitter poverty. And yet, 
Christos has a dream . .. some day he 
will make life better for himself and 
his family. And so he walks many 
miles each day to attend third grade in 
a small, dark room that passes for a 
grammar school. He learns the lives of 
venerated men who gave so much to 
Greek culture and to the world
Aristotle, Plato, Socrates-and he 
dreams. In the late evening, he returns 
home leaving just enough time to do 
some errands and study his lessons. 
But life is so dark now . .. how long 
can he live and nurse his dream and 
carry hope in his heart? 

Christos' parents were married just 
after the war when everyone hoped for 
a better future. Instead, Communist 
inspired uprisings spread over the 
country. Christos' father joined the 
National Guard and took part in many 
battles. When guerilla bands entered 
his village they d!!stroyed his house and 
burned all his belongings. 

Life for Christos' family began all 
over-from nothing. They now live in a 
hut with a roof of straw. They own 
three pieces of furniture. All must 
sleep on straw mats on the cold 
earthen fioor. Their only property is a 

quarter acre of land which the father 
cultivates early in the morning and 
after dark. During the daylight hours 
he must work on other farmers' land 
for daily wages to buy food. 

Christos sees his father's plight and 
thinks."My father struggles for a better 
future; I must help him." At the age 
of 10, Christos still has hope. 

Save the children and 
you save the family 

If only someone could extend a hand 
to help Christos and his family help 
themselves, give them courage for the 
future that looks so dark at this 
moment. Someone can, and that some
one is you. A child like Christos be
comes "your child" through an SCF 
Sponsorship and receives food pack
ages, warm clothing and many other 
material benefits in your name. But the 
whole family receives the greatest gift 
of all-"hope." You may correspond 
with your child and discover for your
self what your understanding and 
generosity means to a struggling 
family. Won't you please fill in the 
coupon now? 

SCF National Sponsors include: 
Mrs. Dwight D. Eisenhower, Herbert 
Hoover, Henry Luce, Norman Rock
well, Dr. Ralph W. Sockman. 

....••••..... _---------- .................... __ ._--------.---.� 
Registered with the U. S. State Department Advisory Committee on Voluntary Foreign Aid 

"SERVING CHILDREN FOR 27 YEARS" 

SAVE THE CHILDREN FEDERATION 
Boston Post Rd., Norwalk, Connecticut 

I want to sponsor a child for one year in: Korea ... Greece ... France ... West Germany 
... Finland ... Italy ... Austria ... Lebanon ... or where need is greatest . . . .  Enclosed 
is $120 for I year ... $30 for 1st quarter ... $10 for 1st month . .. I cannot be a sponsor but · 
enclosed is my gift of $ ..... . 

Please send me my sponsored child's name, story and picture. 

NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........... .. .. . . .. . .. .  . 

ADDRESS ............. ; . . . . . . . . . . . . . . . . .  : . . .. . . . . . . ... . .. .. . . . . . . . . . . .. . .. ... . .. . .. . .. ...... . . 
CiTy ............................................ ZONE • • • • • • . • . .  STATE ....................... .. 

Contributions are Deductible from Income Tax SA.6.59 
�-----------.-.--..... ------.. -----..... -.--------.. --....... . 
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STARCH IS BROKEN DOWN by the enzymes alpha·amylase (black arrows) and beta· 

amylase (colored arrows). In the top drawing each glucose unit is represented by a small 

circle. At the top and bottom of this drawing are straight chains; in the middle are 

hranched chains. In the middle drawing the beta·amylase splits off two glucoses at a time; 

the alpha.amylase splits off a larger number of glucoses, which are in turn broken down 

by beta·amylase. In I he bottom drawing is the mixture of maltose (a two·glucose sugar) 

and dextrins (short, branched chains of glucose) thaI ultimately results from the process. 
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hon. Even after fermentation the fin
ished beer contains sufficient food, sub
stances to support growth of a large 
number of microorganisms. Infection 
can occur in spite of pasteurization and 
the additional protection afforded by 
hop antiseptics in the beer. Fortunately 
the acidity of beer precludes the possi
bility of infection by microorganisms 
that cause disease in humans. The of
fending microorganisms are either bac
teria (e.g., species of PediococCllS, Lac
tobacillus and Acetobacter) or so-called 
wild yeasts, microorganisms closely re
lated to the yeast used in fermentation. 
Beers infected by these microorganisms 
become hazy, and develop undesirable 
flavors. Although such spoilage can be 
troublesome, it can usually be prevented 
by strict attention to cleanliness in the 
brewhouse. 

Far more serious are the nonbiological 
hazes. Here the turbidity is the result of 
the precipitation of fine particles of or
ganic matter, predominantly protein. As 
we have seen, most of the protein is re
moved from wort when it is boiled and 
infused with hops, the tannins in the 
hops (and some from the malt husk) 
combining with the proteins to form an 
insoluble sludge. However, this protein
tannin complex continues to precipitate 
slowly from the beer even after packag
ing, so that after a period of storage the 
beer may well develop a pronounced 
haze. One cure for the condition is to 
add protein-digesting enzymes to the 
finished beer. This "chill-proofing" is not 
entirely satisfactory because too much 
enzyme may break down those peptides 
that give the beer its head-retaining 
properties. Another approach is based 
upon the fact that oxygen is conducive 
to haze formation. Thus various anti
oxidants, including ascorbic acid (vita
min C), have been added to beer to im
prove its stability. In recent years, how
ever, a more fundamental attack on the 
problem has been launched; this work 
aims at identifying the haze compo-

' 

nents, tracking down their origin and 
then removing them from the scene of 
action. Unfortunately the chemistry of 
the proteins and tannins that make up 
hazes is extremely complex. Recent work 
at the Brewing Industry Research Foun
dation in England suggests, however, 
that we may be on the right track. 
Chemical analysis has shown that the 
trouble is often caused by one particular 
group of tannin substances known as 
anthocyanogens; they are commonly 
found in association with the proteins in 
hazes. It happens that these anthocy
anogens can be removed from beers by 
adsorption on a polyamide resin such as 
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Do computers 

really pay? 
47 users in the civil engineering field 

alone, are proving that the Bendix G-J5 

more than pays its way. 

The repeated computations encountered by civil engineers 
in the design of highways, bridges, dams and other public 
works, are tedious at best. With electronic computation the 
engineers are relieved of such uncreative work because the 
computer performs repetitive arithmetic automatically at 
high speed. 

In time savings alone, the Bendix G-15 is a profitable tool. 
But add to that the value of the extra productive hours 
available to each engineer and the fact that the computer 
eliminates compromise solutions by finding the best answer 
through many "trial and error" solutions at tremendous speed 
- you can begin to see the important hidden profits of elec
tronic computing. 

Many problems are being solved today on the Bendix G-15 
that have never been solved before, because of the many 
man-years of math that manual methods would require. 
Profits here are so great that it is difficult to even measure 
them. Then there is the increased accuracy of electronic 
computing, with the resulting reduction of checking time. 

The benefits are so many and varied that it is difficult to 
express them in dollars and cents. But consider the proof that 
47 Bendix G-15s are being used in the civil engineering field 
alone. And in other fields - electronics, optics, tools, mis
siles, navigation, illumination, and even animal husbandry, 
the G-15 is making itself known as the computer that pays 
big profits in many ways. Full details are available on request. 

DIVISION OF 
BENDIX 
AVIATION 
CORPORATION 

PARTIAL LIST OF 
CIVIL ENGINEERING USERS 

Alfred Benesch and Associates 
Barber-Colman Company 
Bonneville Power Administration 
Bucyrus-Erie Company 
Butler Manufacturing Company 
Clark, Daily and Dietz 
Consoer, Townsend and Associates 
Cook County Highway Department 
Crawford, Murphy & Tilly 
De Leuw Cather and Company 
Edwards and Kelcey, Engineers & Consultants 
Ellerbe and Company 
Emmet J. �vlcDonald Associates 
Harley, Ellington & Day, Inc. 
Highway Research Board, AASI-IO, Road Test 
H. W. Lochner, Incorporated 
Homer L. Chastain & Associates 
Hurst-Rosche, Incorporated 
Illinois Division of Highways 
J. E. Greiner Company 
J. Stephen Watkins, Consulting Engineers 
Jenkins, Merchant & Nankivil 
John F. Meissner Engineers, Incorporated 
Lockwood, Kessler & Bartlett, Inc. 

, Michigan State Highway Department 
Palmer and Baker Engineers, Inc. 
Parsons, Brinckerhoff, Hall and Macdonald 
Portland Cement Association 
Reynolds, Smith & Hills 
Richardson, Gordon and Associates 
Rochester and Goodell Engineers, Inc. 
Stanley Engineering Company 
Tudor Engineering Company 
U. S. Army Corps of Engineers 
Vogt, Ivers, Seaman Associates 
Warren & Van Praag, Incorporated 
Wilson and Company, Engineers & Architects 
Wyoming Department of Highways 

DEPT. C·9a. LOS ANGELES 45. CALIFORNIA 
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STRAITS 
TIN 

News of developments 
in the production 

and uses of tin 
BURIAU 

fJ 

Zircalloy 2 - containing 1.5% or 

more tin - was the cladding material 

used for the nuclear power unit which 

carried the submarine Nautilus across 

the North, Pole. Zirconium alone 

couldn't do it. Addition of small 

quantities of tin strengthened the zir

conium and reduced the variable effect 

of impurities. It also had a favorable 

effect on its corrosion resistance. This 

discovery led to development of Zir

calloys containing 0.5 to 5% tin. 

Factory fresh hosiery is now 

available to American consumers in 

tin cans. The manufacturers claim 

canning nylons reduces pilferage and 

handling costs, lets the lady select 

her nylons factory fresh from her 

grocer's shelf. 

Foreign car manufacturers 
are capitalizing on latest developments 

in tin applications. Directional sig

nals,  subject to continuous wear and 

hard weather conditions, are electro

plated with a tin-zinc coating. A tin

nickel electrodeposit shows good po

tential as a bright tarnish-resistant 

coating for automotive trim, bumpers 

and accessories. A tin-bronze coating 

of up to 12% tin and a tin-nickel 

coating of two-thirds tin are proving 

excellent undercoatings for chromium. 

Write today for more 
data on these items or 
for a free subscription to 
TI N NEWS-a monthly 
bulletin on ti n supply. 
prices and new uses. 

The Malayan Tin Bureau 
Dept. 15F, 1028 Connecticut Ave., Washington 6, D.C. 
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nylon. Experimental brews treated in 
this way have shown a considerably ex
tended shelf-life, 

The Intrusion of Science 

Since he deals in such evanescent 
commodities as taste and aroma, the 
brewer is understandably cautious in his 
approach to innovation in the brewing 
process. He has nonetheless been en
couraged by the success of the scientific 
techniques so far employed and has 
begun to take a more critical view of the 
time-honored methods of his craft. The 
biochemist and microbiologist are now 

well established in brewing research 
laboratories; soon they will be jOined by 
representatives of other disciplines. 
Brewers are looking to genetiCists, for 
example, to improve the strains of yeast. 
Perhaps chemical engineers will bring 
about the most revolutionary changes in 
brewing during the next decade or so. 
For example, techniques foi' replacing 
the traditional batch-method of brewing 
by a continuous process are already in 
the pilot-plant stage. Clearly the intru
sion of science into the art of brewing 
promises to bring great changes in the 
procedures that have served so well for 
six millennia. 

BREWING IN ANCIENT EGYPT is depicted by this relief in the Rijksmuseum of Leiden. 

At left in the third row a brewer pours water into a vat; at right the beer is poured into jars. 
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This is Du Pont Delrin : 
"Delrin" acetal resin is a highly crystalline, stable 
form of polymerized formaldehyde. This com
pletely new material offers you metal-like me
chanical properties, such as a high degree of 
strength and rigidity, plus other properties that 
metals do not possess.  

The combination of properties o ffered by 
"Delrin" is unequaled by any other thermoplas
tic. For example, "Delrin" has high dimensional 
stability, tensile and flexural strength, resilience 
and toughness. Most importantly, "Delrin" re
tains these desirable properties under a wide range 
of service conditions-temperature, humidity, 
solvents and stress. 

Over the past three years, "Delrin" has been 

Typical performance and production advantages of " Delrin"  

A brass part in a commercial 
flush valve was duplicated in "Del
rin". This part operated perfectly 
for 1 8  months-the period of test 
-although it was completely and 
continuously immersed in water. 
The outstanding dimensional sta
bility of "Delrin" under a wide 
variety of service conditions has 
also been proved, for example, in 
showerheads (continuously run
ning water at 1 50°F.), and movie 
projector gears (run over 2,000 
hours at ambient humidity). 

This texti le solution pan is ordi
narily made of stainless steel. It 
must have resistance to oils and 
organic solvents, a clean, smooth 
surface ; it also requires several 
threaded inserts pi us other details. 
In normal quantities, stainless steel 
pans cost approximately $25 each. 
Injection molded in "Delrin", the 
cost was quoted at about $3 each. 
Testing showed that "Delrin" pro
vided the required finish without 
machining, the needed solvent re
sistance, plus a weight saving of75%. 

A zinc die-casting mold was used 
to make this instrument cluster of 
"Delrin". Weight was reduced over 
the zinc component by almost 80%. 
In addition to manufacturing econ
omies, further savings in assembly 
are indicated : self-tapping screws 
can be used, since the creep resist
ance of "Delrin" prevents loosen
ing or stripping. These clusters can 
be molded in integral color or 
painted, and with a conventional 
mold would require little, if any, 
mechanical finishing. 

Aerosol contai ners made of 
"Delrin" were shelf-stored for over 
a year ; others stored for 3 months 
at J 30°F. In both cases, the con
tents were still  completely dis
chargeable. "Delrin" retains its 
strength and toughness for long 
periods, even when exposed to ele
vated temperatures and organic sol
vents. Equally important are the 
new opportunities for high styling 
opened by "Delrin"-the freedom 
to design in new shapes and inte
gral colors to suit purchasing trends. 
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tested in hundreds of end-use applications by a 
host of industrial concerns .  These tests have con
firmed that parts made of "Delrin" can compete 
on a performance and cost basis with parts made 
of many metals, rubber, glass or wood. Of the 
various end-uses tested, 7 5 %  would normally be 
made of metal and another 1 0 %  of rubber, glass 
or wood. These tests have resulted in many ap
plications of "Delrin" now being readied for 
commercial production-including gears, bear
ings, housings, containers, plumbing and hardware 
parts, pump impellers, "squirrel- cage" blowers, 
door handles, clothing fitments and many others. 

In addition to metal-like performance, "Delrin" 
offers you the manufacturing economies inherent 

in the production methods of the plastics indus
try. "Delrin" is easily injection molded, extruded, 
blow-molded or fabricated with conventional ma
chine tools. 

Illustrated below are a few of the applications 
of "Delrin" which have undergone extensive field 
service tests.  The performance and economies 
listed were indicated during comparative evalua
tions made with materials in use at the time of the 
tests . These applications, together with additional 
data on the following page, may well suggest 
ways in which this versatile new engineering ma
terial can help you improve a product, lower its 
cost or develop new designs for your profit. Your 
inquiry is invited (see coupon on next page) . 

evaluated during three years of fie ld  tests . . .  

Accessories usually made of met
aI, such as automotive window 
cranks and refrigerator door han
dles, can be economically mass
produced in "Delrin" by injection 
molding. "Delrin" provides re
quired strength and rigidity. In
tegral colors , a variety of surface 
effects and functional details can 
be produced in one operation. 
Less weight, improved styling, de
pendable performance and poten
tial cost savings are made possible 
by "Delrin". 

Industrial  components such as 
this "squirrel - cage" blower- as 
well as a variety of gears, bearings 
and other mechanical parts-have 
demonstrated the ability of "Del
rin" to compete with various met
als on a performance and cost basis. 
"Delrin"offers excellent fatigue life 
even when immersed in oil or water. 
Rapid production of lightweight, 
intricate components by the injec
tion molding process can lead to 
substantial manufacturing econo
mies with "Delrin". 

Plumbing fixtures made of "Del
rin", such as this showerhead, offer 
the manufacturer new styling and 
design advantages . . .  and the home 
owner new latitudes in bathroom 
decor. Injection molded in integral 
color, fixtures made of "Delrin" 
assure builders and home owners 
of long-term dimensional stability, 
freedom from rust and mineral 
build-up. Modern in design, they 
are durable and dependable in serv
ice, and provide opportunities for 
potential cost savings. 

Clothing fitments, such as zip
pers, clasps and snaps, are also 
readily and economically molded 
in "Delrin". Stiffness, toughness 
and resistance to heat, body oils 
and perspiration make "Delrin" a 
logical choice for such uses. Your 
customers would welcome the light 
weight, colorability and warm-to
the-touch benefits "Delrin" offers. 
Extensive field tests have demon
strated that "Delrin" is one of 
the most promising new materials 
available to the fitments industry. 
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T Y P I C A L  P R O P E R T I E S  O F "  D E L  R I N I I A C E TA L  R E S I N  

Elongation 

I m p a cl strength, 
Izod 

Tensile strength 

P Factor at 73° F.: 
Water 1 .9 
Ethanol 0.2 

r' , .. m .,MO l 
1n2 a r e a/m i l  thickness. 

< 0.2 Determined on bottles 
with 3 5 · 5 0  m i l  w a l l  

Perm ea b i l i ly, I -::F:-re-o-n"'®-:1:=2-:.1::-1 4-:-;(2=-O=-/""CS:":0:7)--:-::-::--

Methyl Salicylate 0.3 tnickness. 

Room Temp .  122· F .  
CCI, 1 .2 5.7 
Toluene 2 . 6  2 . 8  1 % " ,." -" .. ! Resista nce Acetone 4.9 2 . 6  tota l immersion Vol. 

change proportional 
to Orga nics: Alcohol 2 . 2  1 .9 to wgt. change. 

Ethyl Acetate 2.7 2.9 

*These v a l u e s  a r e  rep resentative o f  those obtained under stand a rd ASTM cond itions and 
should not b e  used to d esign p a rts which function under d ifferent cond itions. Since they 
a r e  average v o lues,  they should not b e  used a s  minimums for moter ia l  s p ec ifications. 

D E LRI N® offers design engineers 
A C E T A L  R E S I N  

a new combination of properties 
"Delrin" acetal resin offers you a combination 
of properties and potential cost advantages never 
before offered by any single material . Specific 
values of typical properties of "Delrin" are listed 
in the table above . . .  and the advantages implicit 
in these figures have been thoroughly tested in a 
wide variety of end-uses. 

Today is your best opportunity to consider 
how Du Pont "Delrin" can help you improve the 
design of a product or develop your designs on 
new products. Within the next few weeks a new 
plant to manufacture "Delrin" in commercial 

quantities will come on stream at Parkersburg, 
W. Va. This plant is your assurance that your 
design improvements can fast become practical 
realities. Commercial molders, already familiar 
with "Delrin",  can provide you with valuable 
assi stance in your problem. 

A specialized group of Du Pont engineers, as 
well, can help you with their experience and 
knowledge gained during years of market devel
opment work with "Delrin".  They may well have 
tested the very product or component you are 
considering. 

F O R  M O R E  S P E C I F I C  I N F O R M A T I O N  M A I L  T H I S  C O U P O N  

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

Nemours Building, Rm. 99D, Wilmington 98,  Delaware 

I am interested in evaluating "Delrin" for the following use : _______ _ 

N A M E  

C O M P A N Y  POS I T I O N  

S T R E ET 

C I T Y  S T A T E  

In Canada : Du Pont of Canada Limited, P.O.  Box 660, Montreal, Quebec. 

D E LR I N ®  
A C E TA L  R E S I N 

([(J POtID 
R EG. U. s. PAT. orr. 

B E T T E R  T H I N G S  F O R  B E T T E R  l i V I N G  
. T H R O U G H  C H E M I S T R Y  
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SELF-REPRODUCING MACHINES 

In which simple units are built \vhich assemble themselves into larger 

units, which in turn make copies of themselves from other simple units. 

The process sheds light on the self-reproduction of biological molecules 

T
he mass production of multiple 
copies of the same object by print
ing or by assembly of prefabri

cated parts is an event so commonplace 
that examples can immediately be called 
to mind. The reader has one at hand in 
the copy of SCIEKTIFIC AMERICAN in 
which he reads these words. The idea of 
an object reproducing itself, however, is 
so closely associated with the fundamen
tal processes of biology that it carries 
with it a suggestion of magic. Indeed, 
the construction of a machine capable 
of building itself might be judged to be 
impossible and to belong to the category 
of perpetual-motion engines. At the 
present time, however, advances in ge
netics are rapidly leading biologists to 
focus their attention upon the structure 
and function of self-reproducing molecu
lar chains which, in the nuclei of living 
cells, preside over all their functional ac
tivities. The structure of these chains of 
nucleic acid is already quite well under
stood. But the general theory of self
reproduction, in which the replication of 
nucleic acid would represent a special 
case, has not been much investigated. 

The theory has two aspects, which can 
be called the logical and the mechanical. 
The logical part was first investigated by 
the late John von Neumann of the Insti
tute for Advanced Study in Princeton, 
�. J. He decided in 1951 that it must be 
possible to build an engine that would 
have the property of self-reproduction. 
The method would be to construct a 
machine that is capable of building any 
describable machine. It would follow 
logically that such a machine would be 
able to build another machine just like 
itself. Each machine would carry a sort 
of tail bearing a code describing how to 
make the body of the machine and also 
how to reprint the code. According to 
von Neumann's associate John C. Kem-

by L. S. Penrose 

eny, the body of the machine would be 
a box containing a minimum of 32,000 
constituent parts and the "tail" would 
comprise 150,000 units of information. 
On the mechanical side the elementary 
parts, out of which this object was to be 
built, were considered to be likely to in
clude rolls of tape, pencils, erasers, vacu
um tubes, dials, photoelectric cells, mo
tors, batteries and other devices. The 
machine would assemble these parts 
from raw material in its environment, 
organize them and transform them into 
a new replica of itself [see "Man Viewed 
as a Machine," by John C. Kemeny; 
SCIENTIFIC AMERICAN, April, 1955]. 
Since the aim of von Neumann's reflec
tions was to resolve the logical condi
tions of the problem, the stupendous 
mechanical complexity of the machine 
was of no consequence. 

The mechanical problems involved in 
constructing such a machine have been 
investigated by Homer Jacobson of 
Brooklyn College in New York. In one 
experiment he built an electrically pow
ered raih"oad track around which two 
kinds of trucks, respectively called 
"head" and "tail," could circulate. Ini
tially these trucks were arranged in a 
random order. If a head and a tail were 

SELF.REPRODUCING DESIGN is identi
cal with its own photographic negative, ex· 
cept for checkerboard horder surrounding it. 

first assembled upon a siding, however, 
they would signal to another head and 
another tail to connect up on an adjacent 
siding. So long as there were trucks and 
sidings available this process could con
tinue, and the head-tail machines would 
be assembled automatically. The design 
of the trucks and of the railroad itself 
involved considerable complexity and a 

great many different elements such as 
wires, tubes, batteries, switches, wheels, 
photoelectric cells and resistances. This 
intricate apparatus generated only one 
kind of building operation, but the op
eration was indeed a kind of self-repli
cation. 

T ogether with Roger Penrose I have 
approached the problem in a more 

radical manner, without the encum
brance of prefabricated units such as 
wheels and photoelectric cells. Our idea 
was to design and, if possible, to con
struct simple units or bricks with such 
properties that a self-reproducing ma
chine could be built out of them. One 
everyday example of mechanical self
replication involving simple units is the 
"zipper" fastener. Here the self-replicat
ing unit is the pair of interlocked hooks; 
the zipper-slide provides the energy to 
push each pair of hooks together. As 
soon as one pair is connected, a whole 
chain made up of similarly connected 
pairs can be formed. The example is de
fective in that only one type of connec
tion is formed in the zipper, and the 
units are not completely separate be
fore the action takes place. Another 
simple instance of self-replication is of
fered by a suitably designed mold, tem
plate or photograph. Ordinarily such 
replication calls first for a negative from 
which a positive like the original can be 
recovered. A negative can, however, be 
combined with the positive in such a 
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way that, by replicating both at the same 
time, the two steps are reduced to one. 
Thus in the illustration on the preceding 
p�ge we have a design whose negative 
will be identical with the original be
cause of its peculiar symmetry. This sug
gests that it is convenient, and perhaps 
necessary, for a self-replicating object 
to carry its own template or negative. 

In the design of the units or bricks for 
our self-replicating machine we laid 
down certain arbitrary standards. The 
units, we decided, must be as simple as 
possible. They must be of as few differ
ent kinds as possible. And they must be 
capable of forming at least two (pref
erably an unlimited number) of distinct 
self-reproducing structures. Finally we 
decided that the energy necessary to en
gage these units in the process of self
replication should be supplied in the 
simplest manner, by merely shaking the 
units in a confined space but otherwise 
allowing them as much freedom of 
movement as pOSSible. 

One essential condition was to be that 
the units would not form self-reproduc
ing machines just because they were 
moved about. They were to reproduce 
themselves only when the object to be 
replicated was introduced as a pattern 
for copying. The logic of this condition 
is to be found in William Harvey's max
im: Omne vivum ex ova (in modern 
form: No life except from life). By defi
nition, self-reproduction requires a 
"self" to be reproduced. 

In fanciful terms, we visuali zed the 
process of mechanical self-replication 
proceeding somewhat as follows: Sup
pose we have a sack or some other con
tainer full of units jostling one another 
as the sack is shaken and distorted in all 
manner of ways. In spite of this, the 
units remain detached from one another. 
Then we put into the sack a prearranged 
connected structure made from units ex
actly similar to those already within the 
sack. Such a structure might arise, of 
course, by chance in response to random 
shaking, but this would be very unlikelv 
indeed, as is the case with the analogous 
process of mutation in genetics. Now we 
agitate the sack again in the same ran
dom and vigorous manner, with the seed 
structure jostling about among the neu
tral units. This time we find that replicas 
of the seed structure have been assem
bled from the formerly neutral or "life
less" material. It follows that each repli
ca is capable of self-reproduction like the 
original seed, and that reproduction will 
continue until all the "food" is used up. 

The building of actual models in our 
investigation began with a much sim-
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pIer experiment in mind. In the inor
ganic world the most obvious analogy 
to self-reproduction in living matter is 
the growth of a crystal. The construction 
of an artificial crystal that would repeat 
some prearranged pattern indefinitely 
seemed to offer a useful starting pOint. 
The first machine built on these lines 
proved most illuminating. It consisted of 
two pieces of plywood cut to a speCial 
shape, each about four inches long and 
a quarter-inch thick, standing end to end 
on the inner surface of the long side of 
a shallow rectangular box resting on its 
side [see illustration labeled "a" on these 
two pages]. The box can be subjected to 
side-to-side agitation of a vigorous and 
irregular character, causing the pieces of 
plywood to move in one dimension from 
side to side, each colliding with its near
est neighbors. In the "neutral" position 
in which the pieces of plywood appear, 
however, they do not link under the in
fluence of shaking alone. But if a "seed" 
consisting of two linked pieces is added, 

this seed will link up with adjacent 
pieces standing on either side of it on the 
track. Eventually all the available neu
tral pieces will become attached to the 
"crystal." If the seed is inclined in the 
opposite direction, a complementary 
aggregate is built. 

C ertain principles become evident 
from the study of this machine. 

Here copying consists in imparting the 
same tilt to each unit. The seed carries, 
as it were, a positive pattern at one end 
and a complementary negative pattern 
at the other. These patterns influence the 
neutral units as they come into close con
tact with the seed, causing them to tilt in 
the positive or negative manner. Once 
tilted or "activated," the units are caught 
and locked to the growing crystal by the 

. complementary notches cut into the pro
files of the plywood pieces. These notch
es enable energy to be trapped and thus 
convert the energy of motion conveyed 
by agitation into the potential energy 

MECHANICAL "CRYSTAL" demonstrates some of the underlying principles of self· 
reproducing machines. At upper left in (I appear two identical units at the "neutral" posi
tion in which they are unable to link up with one another. Introduction of two linked units 
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that binds the structure. Energy traps 
are characteristic of living matter, al
though they occur also in artificial and 
natural structures. A pool that retains 
water after a tide has receded is typi
cal. In chemistry the bonding of an en
dothermic compound is analogous to a 
latch. Unless our synthetic structures 
contained more potential energy than 
their constituent units separately, it 
would be difficult to prevent spontane
ous aggregation. 

The crystallizing or, we might say, the 
polymerizing machine can be greatly im
proved by making units out of two ply
wood elements tied together by an axle 
so that they can pivot in opposite direc
tions [see illustration labeled "b" on 
these two pages]. As can be seen, there 
are four ways of arranging the seed, of 
which two are essentially the same and 
the other two are mirror images. Besides 
giving rise to more types of seed in the 
case where the two parts of each unit 
are tilted in opposite senses, the double 

units form much stronger structures than 
single units. 

The problem of reproducing an object 
tIle same size as the seed has now to be 
solved. This is done with surprising fa
cility. It is only necessary to alter the 
basic units by removing one pair of 
notches from each of them. In effect the 
crystal is broken up into discrete bodies, 
each made of two units [see top illustra
tion on next page]. Two stable mirror
image seeds can be constructed, and 
either may be used as a starter. In a long 
box or track, populated with neutral 
units randomly arranged, the presence 
of a seed causes other structures of its 
own kind to be built wherever two neu
tral units are in the appropriate relative 
positions. 

T his design provides a simple and con-
vincing demonstration of artificial 

self-reproduction. Either type of seed 
may be introduced into the track; since 
they and their offspring are easily distin-

guished, it can be seen that each breeds 
true to type. 

A point that emerges here, when the 
process is critically examined, is that 
during agitation some units transmit the 
tilted pattern of the seed although they 
do not find a partner to link with. These 
temporarily activated units tend to slide 
away from one another and from the 
completed structures, thereby tending 
to push some of the completed structures 
apart when agitation has subsided. It is 
convenient in self-reproduction to ar
range that the fresh complexes should 
repel one another once they have been 
formed. If they separate widely, they can 
pick up "food" from different places and 
they do not interfere with one another's 
subsequent reproduction. In a restricted 
one-dimensional track this point is irrele
vant. But it becomes significant in the 
next phase of the discussion, when we 
consider how we might lift the one
dimensional resh'iction of the track and 
make it possible for our self-replicating 

as a "seed" in panel at upper right imparts tilt and makes it pos
sible for entire gronp of units to link up and form a single struc· 
ture when subjected to agitation in the horizontal plane. In b two 

doubled units are shown, first in neutral position and then linked 
up to form a seed. When this seed is agitated with neutral units at 
lower left, all join to form the crystal structure at lower right. 
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SELF·REPRODUCTION is here demonstrated by units of a simple 
kind, identical with those that form the "crystal" on the preceding 
two pages except that the units each lack hooks at one end. In a the 
seed is formed with the gray telltale mark showing at the linkage; 

ACTIV A TING CAM·LEVER incorporates the simple tilting prin· 
ciple of the self·reproducing machines shown above for use with 
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in b the seed unit is formed with the colored telltale mark show· 
ing. When the seed of each kind is agitated in the horizontal plane 
with neutral units, the appropriate tilt is imparted to the neutral 
units and they link up to reproduce the structure of their seed. 

more complex structures shown on page Ill. These cams, held in 
tilted position by dowel in slot, transmit activation but do not link. 
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structures to move about freely in two 
dimensions. 

In order to fit the units for self-repro
duction into the larger world of two di
mensions, it is necessary to complicate 
their design beyond the rudimentary 
shapes that have worked thus far. With 
units moving over a plane surface, with
out the support of the back wall of the 
one-dimensional track, a firm base for 
each must be provided. A simple solu
tion is to mount the plywood element on 
a horizontal pivot fixed to an upright, 
which is in turn attached to the base of 
the unit. The element capable of tilting 
and transmitting its tilt then becomes a 
sliding cam-lever. To allow greater va
riety of interaction between units, the 
hooking mechanism can now be sepa
rated and made independent of the tilt
ing process by transferring it to a differ
ent part of the unit [see bottom illustra
tion on opposite page]. 

In the two-dimensional situation the 
simpler design permitted an activated 
unit to slide away and lose contact with 
a "live" group after it had gone part of 
the way toward building a new replica. 
This is quite uneconomical from the en
ergy standpOint. We must therefore ar
range matters so that a unit may hook 
on to a two-unit live group temporarily 
and be released when a fourth unit be
comes attached to the group. We are 
thus led to consider mechanisms for 
making and releasing links in special cir
cumstances. One such latch depends for 
its release upon the presence of another 
unit in close contact. The effect of this, 
as shown in the illustration at right, 
is to maintain combinations already built 
out of new pieces. But this arrangement 
produces no fresh structures. It would 
give us a sort of steady state. In order to 
make a reproducing complex with this 
device, the system of linkage and release 
must be doubled as shown in the illus
tration on the next page. Here each unit 
contains two releasable hooks facing in 
opposite directions. Though they are 
shown one above the other, they would 
in practice be mounted side by side on 
the same axle. With such an arrange
ment of latches the addition of a third 
unit to a linked pair creates a triple com
plex that does not separate until a fourth 
unit is added. When this has taken place, 
the two similar pairs of units disengage 
and gently repel each other as their 
hooks settle down to their lowest possi
ble states of energy. 

I t must be noted that this system of 
reproduction is incomplete because 

two pieces can link without any previous 

activation, that is, tilting caused by con
tact with a special seed. An activating 
element of some kind must be supplied 
so that neutral units cannot form links 
except in the presence of a live group 
that carries the activating principle. For 
this purpose the sliding cam-lever can 
be used to preserve a tilt and transmit it 
to neutral units; only those units that 
have been thus activated can approach 
each other close enough to link. 

An interesting feature of this system 
is that it can replicate in two ways. If a 
live structure made of two units receives 
two neutral food units, both of them 
from either its left or right side, it will 
link them to itself and then release them 
linked to each other. On the other hand, 
if the original structure receives two food 
units, one on either side, it will link them 
to itself and then come apart in the mid
dle [see bottom illustration on page 
111]. As in the case of a single-celled 
organism, the original unit is destroyed 
in the process of replication. By the ad
dition of special devices to the units it is 
possible to distinguish between these 
two kinds of replication; that is, one de
vice will ensure that two units of food 
will always be taken in on one side, and 
another device will ensure that the two 
neutral units are added one on each 

a 

side. If there is no scarcity of food, it is 
likely that neutral units will be simul
taneously available on both sides. For 
efficient reproduction, therefore, the sec
ond type of replication, that is, addition 
on either side and division of the seed, 
should be adopted as the standard. 

Another useful adjunct is a counting 
device. This can take the form shown in 
the top illustration on page Ill. Such an 
element, which prevents more than four 
units from coming into close contact with 
one another, can be attached to each 
unit. The counter exerts its effect in that 
phase of reproduction, just before divi
sion, when the complex must cease ac
cepting food. Before reproduction can 
be resumed the accretion of neutral units 
must stop long enough to enable the en
larged complex to come apart. The self
reproducing machine may also be 
equipped to make a kind of protective 
covering for itself out of "skin" units 
available in the environment. The skin 
would have to be thrown off in order to 
repeat self-replication. 

The self-reproducing machine now 
requires one more adjunct to fit it for 
activity in two-dimensional space. To 
bring units into proper alignment for in
terlocking when random motion causes 
them to collide, their bases must be pro-

_b �_ 
c 

STEADY·STATE SYSTEM of hook and release is demonstrated here. When two units abut 
one another (a), one hooks onto the other, but the one that is hooked is itself set in release 
position. The addition from the left of a third unit (b)  causes the first two to unhook (c). 
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a 

b 

c 

d 

DOUBLE·HOOK UNITS, in contrast to steady·state system, possess capacity for self·repro· 
duction. Cycle begins with linked group and two neutral units (a). Addition of neutral 
unit at left (b) causes one of two hooks in linked group to release. Addition of fourth unit 
(c) causes second hook in linked group to release. Linked group parts (d) in two replicas. 
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vided with interdigitating guides. The 
guides can also serve passively as hooks 
[see top illustration on page 112]. Some 
of the guides ensure correct apposition 
of hooks or activating levers and others 
cause the firm attachment of rows of 
pieces. With this additional device our 
units are endowed with a sufficient num
ber of mechanical principles to enable 
self-reproducing machines of any de
sired degree of complexity to be built 
from them. Yet the units are of fairly 
simple construction and are either all 
of one kind or of a few different kinds. 

The replication scheme of on� such 
machine, made out of a set of units 

of two kinds, is shown in the bottom 
illustration on page 112. To ensure that 
replication proceeds regularly and that 
attempts at interconnection do not end 
in a tangle of ):looks and guides, an or
dering mechanism is included; an aster
isk in the diagram indicates positions 
where the ordering mechanism permits 
new units to be added. The units each 
have two levers of the kind which can 
be activated positively or negatively, 
that is, tilted up or down; thus four types 
of activated units or rows of units are 
possible. The chain of units acting as a 

seed may be built in any predetermined 
number of rows and each row can be 
set with any one of four types of activa· 
tion. When a fresh unit is added on 
either side of the double chain, no addi
tional units of the same kind can attach 
themselves in that row. A different type 
of unit now forms a nonreplicating pro
tective "skin" chain in response to the 
activating pattern of the complex. When 
all the open positions are filled with ap· 
propriate units, the self-replicating ma
chine splits in two, sheds its skin, and 
the process may begin again. 

The design of units suitable for form
ing the protective chains presented pe
culiar difficulties; in overcoming these 
I came upon a new method of control
ling and sequencing the latching and 
unlatching which provides an elegant 
solution of the von Neumann problem. 
A single string of determinate length, 
made up of units of a slightly different 
design, can replicate itself in the manner 
shown in the illustration on page 114. 
The addition of each new unit to the 
daughter chain has the effect of releasing 
the one behind it from the original chain. 
The final unit to join the new chain does 
not attach itself to the old chain at all, 
although it releases the new one from 
the old. 

Here it should be emphasized that 
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BLOCKING DEVICE prevents more than four units from coming 
close together. When four units are in close contact, the sliding 

COMPLETE SELF·REPRODUCING MACHINE incorporates the 
basic elements and principles depicted in the preceding illustra
Lions. The seed (at center in a) is linked by double hooks, incorpo' 
rates the tilted cam-lever activating principle and is protected by 
the blocking device in its base. When tbe neutral unit at left joins 

bar protrudes at either end of the group, keeping other units away. 
Device keeps groups from growing too large before they divide. 

the seed (b), it disengages one of the hooks holding the seed to
gether and sets the blocking mechanism so that only one more neu· 
tral unit can be added. When the fourth unit joins the triple group 
(c), it disengages the second hook in the original seed, causing it 

to come apart in the middle and form two replicas of itself (d). 
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INTERDIGITATING BASES, on which superstructures capable of activation, hooking and 
release can be mounted, are designed to permit self'reproducing machines to operate in two 
dimensions and to orient themselves to one another for the purposes of self·reproduction. 

each activated unit contains a message, 
that is, information that it transmits to 
neutral units. The total quantity of in
formation depends upon the number of 
tilted levers and sometimes upon other 
features. The nucleus of a living cell also 
contains information that enables it to 
collect and build the substances neces
sary for its own replication. Natural se
lection encourages the reproduction of 

a 
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nuclei that have the most efficient infor
mation for dealing with their surround
ings. In artificial self-reproduction, 
equivalent programs of information 
would equip the machine not only to as
semble themselves, but to build up their 
own structures out of their environment, 
to release energy sources and, in a sense, 
to provide their own track or table to 
guide interactions. Such an elaborate 
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scheme is so far unattainable in practice. 
We have to be content with making a 
very parasitic organism. It is not, how
ever, much more helpless than a virus. 
With such an object we can even provide 
a mechanical demonstration of the role 
of information in natural selection. To 
two machines, distinguished by key ar
rangements of their tilting cam-levers, 
we present neutral units locked up in a 
kind of matrix. These food units can be 
unlocked and brought into circulation by 
certain arrangements of tilting and not 
by others. Thus one mechanical crea
ture will be able to unlock a plentiful 
supply of food while the other will starve 
and be shown to be relatively unfit in the 
struggle for self-replication. 

Another feature of living things can 
be incorporated in the self-replicating 
machine. This is the capacity to change 
the program of information it transmits 
to its daughters. Of course change might 
be introduced by mistakes in reproduc
tion even with well-constructed ma
chines, but this, like genetic mutation in 
living things, is likely to be unfavorable 
and must be avoided by an efficient 
designer. Living organisms, however, 
exchange parts of their programs in a 
process known as recombination. In a 
very elementary form, something like 
this can be imitated mechanically. Now 
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GENERALIZED SYSTEM of self.reproduction is based on units 
of two kinds (a). The larger "body" units (b) form a live group; 
the asterisks indicate activated points at which nnits of the same 
kind can be added. The group begins to grow (c), with a smaller 
"skin" unit attaching itself at lower right. 'Vhen units are attached 

at corresponding points on both sides (d), the body units come 
apart and the skin units also begin to peel off (e). With growth 
completed, the original group splits, yielding two replicas of itself 
(n. As the skin units come loose (g) the two daughter groups boo 
come activated and are ready to begin the re'production cycle again. 

1 12 
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+ G. = An important 

announcement to the 

petroleum refining 

Daystrom Systems and Universal Oil 
Products Co. announce a cooperative 
effort in the application of computers 
to the control of industrial processes. 

For the first time, the facilities and 
engineering talents of leading process 
designers a n d  computer systems 
specialists are combined to offer a 
un ique service to t h e  customer. 
Daystrom contributes experience and 
leadership in the design and manu
facture of highly reliable computer 
equipment. Universal Oil Products 
Company contributes extensive experi
ence and know-how in process design. 

Two and one-half years of intensive 
work have yielded important progress 
in a pilot plant installation incorpo
rating a Daystrom digital computer 
control system. 

This project marked the first proc
ess control application of a solid state 
digital computer specifically designed 
for on-line operation in the process 
industries. 

The Daystrom Systems computer 
completely eliminates vacuum tubes 
and moving parts. More than two 
years of field operating experience 
permits Daystrom to guarantee sys
tem operational availability of more 
than 99%. A substantial number of 
Daystrom computer systems have 
already been purchased for control 
and data reduction. 

Daystrom has been granted license 
to manufacture and market control 
systems developed by Universal Oil 
Products and Daystrom Systems. 
Processes and techniques considered 
confidential by Daystrom clients will 
be handled by Daystrom Systems 
independently. 

The advanced techniques and equip
ment developed by Daystrom Systems 
are available to you. For conference 
arrangements, write or telephone 
Daystrom Systems, A-IOO, Miramar 
Rd., La Jolla, Calif., GLencourt 4-0421. 

industry I 

INPUT CONSOLE FOR PROGRAMMING COMPUTER. 

I STROM SYSTEMS 
DIVISION OF DAYSTROM. INC. 

Reliable computer control systems 
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the 

Industrial Airbrasive Unit 

We cut a section from this fragile sea 
shell just to show that in a matter of 
seconds almost any hard, brittle mate
rial can be cut or abraded with the 
S.S. White Industrial Airbrasive Unit. 

Cool, shockless, super-precise, the 
unit uses a controlled stream of fine 
abrasive, gas-propelled through a small 
nozzle. It is so flexible in operation that 
the same simple tool can frost a large 
area or can make a cut as fine as .008" 
. . .  on a production basis! 

Almost every day new uses are being 
discovered for the Airbrasive Unit, in 
the lab or on the production line ... 
shaping ... deburring ... wire-stripping 
... drilling . .. engraving ... frosting ... 
materials testing ... cleaning off surface 
coatings. 

All types of hard brittle materials ... 
glass, germanium and other fragile 
crystals, ceramics, minerals, oxides, 
metal, certain plastics. 

Send us samples and requirements 
and we will test them for you at no 
cost. For further information write 
for bulletin 5705A. 

WRITE or CALL COLLECT 

S. S. White Industrial Division 

Dept. S'A,. 10 East 40th Street. New York 16, N. Y. 
Western Off.: 1839 W. Pico Blvd., Los Angeles 6, Cal. 
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MORE ELEGANT DESIGN for a self·reproducing system is depicted. Identical units «(1) 
form a live five·unit group (b), activated fo,' growth at the point indicated by asterisk. As 
growth proceeds (c, d and e) each new unit causes the preceding unit in the new column 
to become detached from the old. Addition of the last unit (f) causes the two groups to 
come apart (g). The activated daughter groups I h) now reproduce from neutral units (i). 

if two machines carrying different pro
grams should stand for a moment side 
by side, new units, approaching in one 
particular direction, might pick up their 
program half from one and half from the 
other. Thus if the program of one paren
tal complex is described as AA and the 
other as BB, the new complex generated 
in these circumstances would have the 
program AB. This is easy to accomplish 
with a machine consisting of a single 
pair of units, but for a chain it· presents 
many mechanical difficulties. These 
complexes would, in the ordinary way, 
breed true; only on rare occasions would 
the pieces come into apposition in the 
manner that is necessary to produce re
combination. 

It has been said that the fundamental 
mechanisms of the biological machine 
may perhaps be elucidated with the aid 
of theoretical models. The machines dis
cussed here, however, are not models in 
this sense. They are machines in their 
own right, conceived for the specific 
purpose of self-reproduction. In some 
ways they may resemble living organ
isms and, insofar as this is so, they may 
help to explain how some primitive 
forms of life originated, maintained 

themselves and eventually developed 
into more complex and more stable 
structures. 

S elf-reproductive chains of mechanical 
units may help to explain the way in 

which nucleic acids in living cells actu
ally replicate. But they are more likely 
to assist in the understanding of systems 
of simpler character, like those that must 
have preceded the nucleic acids in the 
evolution of life. These structures may 
have occurred in molecules composed of 
polysaccharides, amino acids or phos
phates. At least we need not suppose 
that they were anything like as complex 
as the nucleic acids. Such organic COI,IIl
terparts of the self-replicating machine 
are not, perhaps, accessible to our ob
servation today in nature. Charles Dar
win suggested in 1871 that the spon
taneous appearance of very elementary 
forms of life might still be occurring. 
But he also pointed out that if a protein 
compound ready to undergo complex 
changes were spontaneously produced 
in the present day, it "would be instantly 
devoured or absorbed, which \�ould not 
have been the case before living crea
tures were formed." 
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T
HE LINDE oxygen plant shown nere has been serving a leading 
chemicals producer "over-the-fence" continuously since 1949_ 

Its operating log shows a 98%+ availability factor. Next year. 
capacity will go up from 360 to 800 tons of oxygen a day. 

You can expeCt the same continuity of supply with a LINDE 
packaged plant serving your process. Your LINDE plant will be 
the product of fifty years' experience in the design, manufacture, 
and operation of air separation plants and low temperature equip
ment. LINDE is uniquely qualified to provide air separation plants 
for the supply of oxygen and/or nitrogen as well as the associated 
low temperature equipment for: 

liquefying hydrogen, helium and 6.uorine 
purifying hydrogen and helium 
separating hydrogen from coke oven gas 
ammonia lind methanol synthesis 
upgrading of natural gas 
other extremely low temperature processes. 
Put LINDE's more than 50 years' experience 

in gas separation techniques to work for you. 

Write Dept. R-6, LINDE COMPANY, Division 
of Union Carhide Corporation, 30 East 42nd 
Street, New York 17, N.Y. In Canada: Linde 
Company, Division of Union Carhide Canada 
Limited. 
"Linde" and "Union Carbide" are trade-marks 
of Union Carbide Corporalion. 

© 1959 SCIENTIFIC AMERICAN, INC



Lube "breakthrough" by 

New Celanese synthetic lubricants have hurdled the heat barrier set up by high bulk oil temperatures in jet engines. 

These lubricants withstand 425°F ... more than 100° higher than any previously available. Highly significant, 

too, is the fact that they efficiently meet viscosity requirements at temperatures down to -65°F. Their potential 

has barely been tapped. For instance, they may become of utmost importance in such broad fields as heat transfer, 

automotive, and steel and aluminum forming. Continuing research and progress by Celanese in high-temperature lubricants 

has broadened and sharpened our national defense capabilities and has enabled great improvement in industrial machinery 

design. If you have a high-temperature lube problem, why not ask us to help? Simply write to 

Celanese Corporation of America, Chemical Division, Dept. 582-F, 180 Madison Avenue, New York 16, New York. 
Celanese® 
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opens the way for new superspeed 

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 

Export Sales: Amcel Co., Inc., and Pan Amee1 Co., Inc., 180 Madison Ave" New York 16, N. Y. 

jets 
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Junction -Diode Amplifiers 

They are silnpler than the maser, quieter than the \)acuum 

tube. Their low internal noise permits them to amplify 

radio signals nluch too faint for con\)entional recel\)ers 

T
he faint radio signals of celestial 
objects, artificial satellites and 
long-range radar often reach us as 

no more than whispers from a noisy sky. 
Once captured by an antenna, these 
signals must be sharply amplified in a 
radio receiver. But conventional receiv
ers have an unhappy tendency to gen
erate more radio noise than the sky itself. 
In such receivers weak signals are often 
so scrambled with noise that they 
emerge with their messages distorted 
or completely drowned out. It is not 
enough for a receiver amplifier to boost 

by Arthur Uhlir, Jr. 

signal strength; it must do its job quietly, 
without submerging the signal in noise. 

A familiar example of radio noise is 
the "snow" that appears on television 
screens. Usually noise originates in the 
three-element vacuum tubes (triodes) 
employed in the receiver circuit. In 
vacuum-tube development great pains 
have been taken to fashion microscopic 
tube-elements to reduce high-frequency 
noise. Progress has been good, but the 
conquest of noise has not yet been 
granted to the vacuum-tube art. 

Recognizing the need for still less 

noise, researchers have tried rad, 
ically new approaches. Elaborate solid· 
state devices known as masers [see "The 
Maser," by James P. Gordon; SCIENTIFIC 
AMERICAN, December, 1958] have been 
operated with considerable success. 
Within the past year the junction diode
a two-element solid-state device-has 
come into its own as one of the best all
around amplifying devices. 

Junction-diode amplifiers are much 
smaller and less complex than masers, 
yet they are practical rivals of masers 
as low-noise amplifiers over a wide 

! 
\ j 

, I 
I 

MOUNTED DIODES (shown ·greatly magnified) are roughly the 

size of a .22·caliber cartridge: about 7/8 inch long and 1/4 inch 
in diameter. A metal anode·contact extends from the top of tl.e 

casing; the metal bottom of the casing is the cathode contact. 
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range of the radio-frequency spectrum. 
They also have many of the virtues of the 
well-known transistor: they are cheap, 
reliable and rugged, and they require 
very little power. But properly designed 
junction diodes amplify quietly at much 
higher frequencies than transistors, 
which permits their use in long-range 
radar and in radio telescopes. Junction
diode amplifiers have been used to track 
a rocket 400,000 miles into space; they 
have picked up ultrahigh-frequency 
(UHF) television signals at a distance of 
100 miles; and they have now been in
stalled in the giant Jodrell Bank radio 
telescope in England. 

Maser and junction-diode amplifiers 
share one great advantage in weak-signal 
reception: they both add very little 
operating noise to the signals they 
amplify. Noise is basically caused by the 
disorganized motion of atoms or elec
trons. The "sensible" temperature of a 
device-that is, whether it feels hot or 
cold to the touch-is a measure of this 
disordered motion at the microscopic 
level. Thus the vacuum tube, which has 
a hot cathode that continuously boils 
off electrons, starts at a noise disad
vantage with respect to junction diodes 
and transistors, which usually operate 
at room temperature. These devices are 
in turn at a noise disadvantage with re
spect to the maser, which is refrigerated 
with liquid helium at -268 degrees 
centigrade. 

For any device to work as an ampli
fier, organized motion must be imposed 
on the basic disorder caused by the 
thermal motion of its electrons and 
atoms. The effectiveness of any organiz
ing force depends on the speed of the 
electrons involved. In a vacuum elec
trons can move at very high speed, and 
this speed, in a painstakingly constructed 
vacuum tube with a very small spacing 
between cathode and anode, partially 
compensates for their high temperature. 
In the semiconductor materials of which 
most solid-state devices are made, elec
trons move hundreds of times more 
slowly than they do in a vacuum. But 
semiconductor devices can be made 
much smaller than even the smallest 
vacuum-tube electrodes, although as yet 
they cannot be made small enough to 
compensate for their slower-moving 
electrons. Thus in spite of their lower 
operating temperature transistors still 
generate more noise than vacuum tubes 
in amplifying high-frequency electrical 
signals. 

How can the junction diodes have 
such low noise when they are made of 
the very same semiconducting materials 

as transistors? Basically it is a matter of 
size. The distance that electrons travel in 
transistors must be reduced by cunning 
techniques to obtain low-noise perform
ance; junction diodes, on the other hand, 
are inherently free of this limitation be
cause their operation depends on charges 
moving back and forth in a very narrow 
area. 

Only in the maser, then, is low noise 
directly due to low temperature. Present 
maser materials must be refrigerated to 
very low temperature to obtain atomic 
action organized enough for any ampli
fication at all. But at low temperatures 
the maser is the quietest amplifier ever 
developed. 

In explaining the action of semicon
ductor and vacuum-tube devices, one 
can exaggerate the differences between 
them. Actually, interesting electronic 
devices can be made from semicon
ductors because a semiconductor is a 
solid-state approximation of a vacuum. 
A perfect vacuum contains no charged 
particles; neither does a pure semicon
ductor, in which almost all of the elec
trons are firmly bound in a crystal lattice. 
Thermal agitation of the semiconductor 
lattice will occasionally shake an electron 
loose and send it bumping through the 
crystal as a wandering negative charge. 
The "hole" vacated by the electron will 
then be positive; it may be filled by an
other electron, leaving another hole. 
Thus holes, too, appear to drift through 
the lattice, as roving positive charges. 
Thus fundamentally both the vacuum 
and the semiconductor lattice serve as a 
medium in which charges can move. In 
a semiconductor they move more slowly 
and meet more resistance. 

Almost all useful semiconductor de
vices are made by adding impurities to 
the crystal which increase the number 
of mobile charges wandering through it. 
The number of valence electrons in the 
added impurity determines whether it 
will produce a hole or a free electron in 
the crystal. A "donor" impurity such as 
phosphorus, which has five valence elec
trons, will form only four bonds with the 
four valence electrons of a semicon
ductor such as silicon, leaving one un
bonded electron free to carry current. 
The phosphorus-doped region will thus 
have negative (N-type) conductivity. 
Conversely, an "acceptor" impurity like 
aluminum has only enough valence elec
trons to form three bonds, which leaves 
a hole in the lattice where the fourth 
bond should be. Another electron can 
easily fill this hole, bonding the alumi
num ion into the lattice and moving the 
hole. The wandering hole gives the 

METAL 
CONTACT 

DIODE 

CUTAWAY VIEW shows how diode and 

its contacts are arranged inside casing. 

Diode is only 4/100 inch in diameter. 

1 CONTACT 

pj l _ 1-. -----i JUNCTION 

N

'-----

I 
I CONTACT 

DIODE ITSELF is a silicon crystal divided 

into positive (P.type) and negative (N.type) 

areas which contain mobile charges; the 

junction layer contains no mobile charges. 
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aluminum-doped region positive (P
type) conductivity. 

There are a number of ways to add 
donor and acceptor impurities to 

semiconductors. One of the simplest 
and most satisfactory is solid-state dif
fusion, in which impurity atoms are ap
plied to the surface of a heated crystal. 
The heat is not sufficient to melt the 
crystal, but only to increase the thermal 
motion of the lattice atoms, permitting 
the impurity atoms to diffuse through it. 

If a donor impurity is diffused into 
one side of a crystal and an acceptor 
impurity is diffused into the other, one 
region of the crystal will have an excess 
of free electrons and exhibit N -type 
conduction; the other region will have 
an excess of holes and exhibit P-type 
conduction. The boundary between 
these regions is called a P-N junction. 

A transistor is made by adding im
purities to form three conducting regions 
(in either a P-N-P or an N-P-N arrange
ment) and two P-N junctions. The spac
ing between them is critical; if the space 

N 
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DEPLETION 
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+ + + 
+ + + + + + 

+ ++ 
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+ ++ + + + 
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VOLTAGE APPLIED TO THE DIODE 

changes width of "depletion layer" at the 

junction. With no voltage across the diode 

(top), width of depletion layer is constant. 

A forward voltage (center) narrows it; a 

reverse voltage (bottom) makes it wider. 
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is wide, the transistor will be npisy. 
Transistors are triodes whose electrons 
conduct current by moving through a 
crystal lattice instead of through a 
vacuum [see "The Junction Transistor," 
by Morgan Sparks; SCIENTIFIC AMERI
CAN, July, 1952]. 

To make a junction diode, only two 
oppositely charged conducting regions, 
with a single P-N junction between 
them, are required [see illustmtion at 
bottom of preceding page]. A very thin 
region (typically two millionths of an 
inch thick in diodes designed for high
frequency amplification) at the junction 
is free of mobile charges and is called the 
"depletion layer." The exceedingly small 
thickness of the depletion layer is one 
of the features that make junction diodes 
fast and quiet amplifying devices. 

Although the junction diode is made 
in the same way and from the same ma
terials as a transistor, it has a distinctly 
different principle of operation. Unlike 
the transistor, the diode does not falter 
at the ultrahigh frequencies used in 
space communication. Like masers, 
junction diodes must have an external 
high-frequency power supply, but the 
diodes do not require refrigeration. 

Because junction diodes obtain their 
power from a high-frequency "pump" 
oscillator, their circuits differ consider
ably from the triode circuits used in con
ventional amplifiers. Of course all am
plifiers require a power supply, since 
they deliver an output signal of greater 
power than the input. But triodes, either 
transistors or vacuum tubes, use a direct
current power supply to generate their 
own high-frequency power. Triodes do 
this so well, in fact, that they are often 
used to pump high-frequency energy 
into diodes. Still, the triodes used in 
these pump circuits could not by them
selves begin to approach the noise per
formance of the junction diodes as high
frequency amplifiers. 

In diode-amplifier circuits, the diode 
merely controls the pump power in re
sponse to a weak incoming signal. The 
main difference, then, between diode 
and triode amplifier circuits is that diode 
circuits have two separate parts: a pump 
(a high-frequency oscillator) and a con
trol element (the diode itself). Triode 
amplifiers have only one circuit which 
must both generate and control high
frequency power. It is not surprising 
that triodes cannot perform both of 
these functions as noiselessly as diodes 
can perform one. 

When a high-frequency pump volt
age is applied to the terminals of the 
diode, the thickness of its depletion layer 
varies [see illustmtion on this page] . 

As the pump puts a positive potential 
across the P-type region and a negative 
potential across the N-type region, the 
holes and electrons in the diode move 
toward the junction, narrowing the de
pletion layer; as the voltage reverses, 
the charges move toward the ends of the 
crystal, widening the depletion layer. 
Because the charges move extremely fast 
and have less than a millionth of an 
inch to travel, the time required for 
the depletion layer to widen or narrow 
is almost immeasurably small; probably 
less than 10.11 second. This means that 
the depletion layer can expand and 
contract millions of times in the time it 
takes a rifle bullet to travel an inch. 

The depletion layer may be compared 
to the space between the two 

charged plates of a parallel-plate con
denser. If the condenser plates in a 
simple condenser circuit are rapidly 
pulled apart and pushed together, cur
rent will flow back and forth in the 
circuit. The energy expended to pull 
the charged plates apart is put into the 
circuit, where it is in turn available 
to do work. If a weak input-signal is 
fed into the circuit properly, the circuit 
will amplify the signal by doing work 
on it. This is approximately what hap
pens in a junction-diode amplifier. The 
work necessary to widen the depletion 
layer-analogous to the work required 
to separate the condenser plates-is done 
by the powerful high-frequency oscilla
tions of the pump signal. Some of the 
pump's energy is transferred to a weak 
input-signal by the diode junction; the 
resulting output is an amplified signal 
with the same frequency as that of the 
input signal. (It is also easy to arrange 
for the output to have a different 
freq uency. ) 

To draw another analogy, we may 
think of .the advancing and receding 
charges in the diode as a ping-pong 
paddle swinging back and forth very 
rapidly. The weak input-signal may be 
compared to a slow-moving ping-pong 
ball floating toward the paddle. If the 
ball strikes the paddle at the right in
stant during its swing, the paddle will 
whack the ball back in the direction 
whence it came, but at a much greater 
speed. In doing this the paddle will 
transfer some of its energy to the ball 
in much the same way that the oscillat
ing charges at the junction of the diode 
transfer some of their energy to a weak 
microwave-signal. As electrons and 
holes move back and forth, current 
flows in the diode circuit. A semicon
ductor pres�nts a certain amount of re
sistance to the flow of current. Holes on 
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ENVIRONMENT for 
EXPLORATION-

Engineers and scientists at Gen-

eral Atomic's John Jay Hopkins 

Laboratory for Pure and Ap-

plied Science are conducting 

nuclear research and develop-

ment in an atmosphere of cre-

ative freedom. Mechanical, metallurgical, chemical and electrical engineers -physicists, 

chemists and mathematicians. Together they are engaged in such diversified, long-term 

projects as advanced high-temperature gas-cooled 

reactors for land-based applications - maritime 

gas-cooled reactors-controlled thermonuclear re-

actions-spac.� propulsion-research reactors-

basic research in the sciences. Because of the rapid 

expansion of these programs, there are openings for 

scientists and engineers, including senior positions, 

at the Laboratory. 

Write Dept. 6-S, P. O. Box 608, San Diego 12, California. 

GENERAL OVNAMICS 
GENERAL ATOMIC DIVISION 

GDGA 
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RaflJpart against Destruction 

ADVANCED 
MATERIALS 
TECHNOLOGY 

Bombarded by relentless impact and grinding abrasion, seared by fiercely corrosive 
action and extreme high temperatures, a unique fused-cast refractory offers the clos
est approach to indestructibility yet achieved by a man-made material. Its unusual 
combination of properties, discussed on the opposite page, opens new opportunities 
for control and containment of severe operating conditions found in many industrial 
processes. For help with such problems, beyond the capabilities of conventional mate
rials, write to Carborundum, Dept. AMT, Refractories Division, Perth Amboy, N. J. 

Where conventional materials fail ... call on 

CARBORUNDUM 
Registered Trade Mark 
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FREQUENCY (MEGACYClES) 
RELATIVE NOISINESS of several different types of amplifiers can he determined hy com

paring their effective noise temperatures, The only amplifier quieter than junction-diode 

types at the high frequencies shown above is the maser, which requires refrigeration, 

one side of the diode and electrons on 
the other collide with impurities and 
with irregularities caused by thermal 
agitation in the crystal lattice, Charges 
Jetouring around these defects in the 
crystal generate resistive noise, and the 
resistance dissipates the energy of the 
signal. Resistance in the diode crystal 
thus limits the frequency at which di
odes can amplify; in present diodes this 
limit is about 10 kilomegacycles ( 1010 
cycles per second), 

If the junction diode is to be used at 
high frequenCies, its junction area must 
be kept quite small; the area of the P-N 
junction in most of the diodes now in 
operation is less than the cross section 
of a human hair. These tiny junctions are 
more rugged than one might think; they 
can pass electrical currents of one am
pere without damage. 

Word-coiners have had a field day 
with junction-diode amplifiers. Some 
have called them "reactance amplifiers" 
or "variable-reactance amplifiers" be
cause circuit elements that store energy 
are said to have "reactance," in the 
terminology of the electrical engineer. 
Junction-diode amplifiers have also been 
called "parametric amplifiers" and 

"mavars" ("Modulation Amplification 
through Variable Reactance"); both of 
these terms are generally regarded as 
synonyms for "reactance amplifier." In 
electronics junction diodes for high
frequency amplification are widely 
known as "varactors," a name suggested 
by Marion E. Hines of Bell Telephone 
Laboratories as a contraction of "variable 
reactors." 

The use of variable reactance for am-
plification has a long history in the 

form of magnetic amplifiers for ampli
fying low-frequency signals. These de
vices are physically similar to ordinary 
transformers having one or more coils of 
wire wound around an iron core. Such 
magnetic amplifiers may antedate even 
the vacuum tube, and still have many 
present-day applications. 

The first amplifiers that employed 
semiconductor diodes were built with 
germanium diodes made by Harper Q. 
North of the General Electric Company 
in connection with World War II radar 
work. The physical mechanism involved 
was correctly interpreted, and duly re
ported as an interesting and promising 
phenomenon. No appreciable use was 

Fused-cast refractory 
resists extreme 

corrosion, wear, heat 
Melted in electric furnaces and poured 
intO molds at 4500· F., fused-cast re
fractOries offer unique structures and 
properties. Dense, strong and imper
meable, they tOp all man-made ma
terials in resistance to wear, Ability to 
wi thstand considerable impact is an 
exceptional feature. Inert to chemical 
action, they resist corrosion even at 
extreme temperatures. 

Supplied as cast blocks and other 
shapes, these fused-cast refractOries are 
now used for: 

• CORROSION RESISTANCE in 
electrolytic cell liners for magnesium 
production, liners for synthesis gas 
generators and guides for pickling 
tanks, 

• WEAR AND IMPACT RESIST
ANCE in coke and sinter chutes and 
in special types of ball mills for grind
ing abrasive materials. 

• HIGH TEMPERATURE RESIST· 
ANCE in glass melting tanks where 
temperatures range close to 3000· F., 
as well as hearth pavings and skid rails 
for metallurgical furnaces. 

With these proven capabilities, many 
opportunities exist for applications in 
products and processes where unusual 
problems may call for unconventional 
solutions. To learn more about this 
and other interesting advanced mate
rial developments . , . 

send for your 
FREE COpy of 
ADVANCED 
MATERIALS 
TECHNOLOGY 

A new quarterly publication dealing with 
materials for severe service applications, 
published by Carborundum, For your 
FREE subscription, write to Carborundum, 
Research & Development Division, Dept, 
SA-4, Niagara Falls, New York_ 

CARBORUNDUM 
Registered Trade Mark 
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SIMPLE DIODE·AMPLIFIER consists of diode (shown schematically) mounted iu a 

tuned resonant cavity. The rapidly changing pump voltage forces the electrons and holes 

in the diode to vibrate back and forth, which permits the diode to store energy like a mova· 

hle·pbte condenser. The diode uses this stored energy to amplify a weak iucoming signal. 
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SOURCES OF INTERNAL NOISE in radio receivers tend to drown out weak input·signals. 

Each component adds its operating noise (black wave) to the signal (colored wave) passing 

through it. This noise is cnmulative; once added, signal and noise are amplified together. 
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made of the discovery, however, until 
Bell Laboratories installed germanium
diode amplifiers in a transmitting modu
lator of a microwave·relay system in 
1956. Then a Bell Laboratories group 
under Robert M. Ryder (of which I 
was a member) began the development 
of the diffused·silicon diode as a low
noise amplifying device under a U. S. 
Army Signal Corps contract for improv
ing the noise performance of radar re
ceivers. The fabrication and evaluation 
of the first such unit was done by A. E. 
Bakanowski. The early results were de
scribed in the summer of 1957 to a con
ference of semiconductor-device engi
neers, who regarded the proposal with 
interest but were skeptical about its low
noise properties. In the months that fol
lowed, experiments at Bell Laboratories, 
at Stanford University, and at Airborne 
Instruments Laboratory confirmed that 
the noise level was indeed low. 

The measurement of noise in experi
mental amplifiers can be very tricky, 
however, so it was important to see how 
these amplifiers worked as radio re
ceivers, if indeed they worked at all. So 
far as is known, the first person to put a 

junction-diode amplifier to practical use 
was F. S. Harris, a radio amateur on the 
staff of Microwave Associates, Inc. He 
built his own amplifier and tried it out in 
receiving ordinary radio signals. He 
found that it worked very well indeed. 
Then he aimed his amateur antenna at 
an ultrahigh-frequency (UHF) tele
vision transmitter 100 miles away. An 
ordinary UHF television set connected 
to this antenna would barely produce an 
image. With superb close-spaced vacu
um-tube triodes a faint picture could be 
brought in. But with the diode amplifier 
the picture was still better-as good as 
one ordinarily receives with a local UHF 
television station. Thus low noise was 
proved in the actual reception of infor
mation. Furthermore, it was shown that 
this very different type of amplifier did 
not mangle the signal in some peculiarly 
unpredicted fashion, as might well have 
been the case had the theory and the 
laboratory experiments overlooked some 
small but fatal point. 

Among the laboratory experimenters 
M. Uenohara and C. F. Herrmann of Bell 
Telephone Laboratories deserve special 
mention. They made a diode amplifier 
for a wavelength of five centimeters 
(6,000 megacycles). Theoretical calcu
lations suggest that they obtained very 
nearly the ultimate performance that the 
present diodes can yield and that exten
sions to appreciably shorter wavelengths 
will require improved diodes. At longer 
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CENTURY MODEL 210 RECORDING 
GALVANOMETERS ancl MAGNETIC ASSEMBLIES 

INDUSTRIAL 
INSTRUMENTATION 

OPE·RATIONAL FEATURES 

C O  I L 
Coil of anodized aluminum wire. 

SUSP ENS I ON 
Suspension wire is made from gold, 

platinum, or silver alloy ribbon. 

PO LE PIECES 
Pole pieces are mounted in case 

adjacent to the coil. Permits rotation. 

A G ING 
Aging process minimizes mechanical defects, such as, 

permanent zero shift and balance defects, which otherwise 
might occur after the galvanometer has been in use. 

DAM PIN G 
Model 210 galvanometers are normally damped to 64% of critical. 

MAGNETIC ASS EMBLY 
A permanent magnet type assembly is used 

in conjunction with the galvanometers. 

PHYSICAL CHARACT ERISTICS 

The performance of any recording oscillograph is governed pri
marily by the quality of the galvanometers used in the instrument. 
Century galvanometers with their many unique features have been 
the accepted "standard" for the past decade. Intensive research 
and study of various recording problems coupled with the latest in 
improved manufacturing techniques, assures the maximum in re
liability, efficiency, and factor of merit. Century galvanometers and 
magnetic assemblies can be installed in any photographic recording 
oscillograph. 

Model 210 galvanometers are available in a wide range of fre
quencies and sensitivities. (See table on opposite side). Several types 
are designed for direct excitation from many kinds of transducers, 
such as, strain gages, pressure pick-ups, accelerometers, thermo
couples, etc. This eliminates the need for costly amplifiers and in 
most instances the output impedence of the transducer provides the 
optimum damping impedance for the galvanometer. 

The galvanometer suspension is hermetically sealed in a tubular 
case. This provides protection from most atmospheric environments, 
eases installation and removal problems, reduces maintenance due 
to handling, etc. 

Electrical connection to the moving coil is made through the tip 
and a lower portion of the galvanometer case. These surfaces 
mate automatically with positive leaf spring contacts in the magnetic 
assembly as the galvanometer is being installed. Twisted pairs of 
lead wires extend from the leaf spring contacts through one end 
of the magnetic assembly to the source of excitation. All contact 
surfaces are gold over silver plate to assure minimum contact 
resistance. 

STANDARD MAGNETIC ASSEMBLY OUTliNE DIMENSIONS 
- Other Magnetic Assemblies Available on Special Order. 

Assembly Number of W Cable 
No . Galvo,. Length 

110Cl00-l 6 1 %'4 31J{6 2'!(4 22�2 18" 

Mirror: Cylindrical, focal lengths 5.88" Pole Pieces: 
or 3.1" 

Size: 2.5" length; .125" diameter. Terminals: 
Weight: 0.11 oz. 

Integral with tubular case, 
except in fluid damped units. 
Within magnetic assembly. 
All elements are electrically 

110Cl01-1 12 

110Cl02-1 18 

110Cl03-1 24 

11�6 31J{6 2'!(4 2'�2 18" 

2% 31J{6 2'!(4 2'�, 18" 

33�(4 31J{6 2'!(4 2'�, 18" 
Mounting: Plug in-no external wire 

connection. 
isolated. 

Balance Factor: 0.008 inch per g at 12 inches. 
110Cl04-1 30 2'3(4 31J{6 2'!(4 2'�, 18" 

110C200 2 I%'4 31J{6 2'!(4 2'�, 24" 

109Cl00 14 2%'4 31�4 13lS, 2X 5" 

-1 r"'OIA -1 r.l34 CoC 

.140::J lit 

@ @ 
fo---- W ---� f<----L ---� 

Century Electronics & Instruments, Inc. 
1333 NORTH UTICA, TULSA 10, OKLAHOMA 

P. O. BOX 6216 - PINE SQUARE STATION 

TELEPHONE LUTHER 4-7111 

Represented in all principal cities of U. S. by the Garrett Corporation 
Airsupply and Aero Engineering Divisions 

In Canada by Garrett Manufacturing Corporation of Canada, Ltd. 
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wavelengths (lower frequencies) the 
diode amplifier becomes increasingly 
easy to use, and thus it covers a wide 
range of the radio spectrum. For wave
lengths longer than about 10 meters, 
diodes, transistors and vacuum tubes all 
operate quietly enough for most radio 
reception purposes, and the choice of 
device depends on other properties. 

Most radio signals reach the ampli-
fier mixed with sky noise which 

originates in such radio disturbances as 
lightning, the aurora, solar storms and 
the many celestial radio emitters within 

and without our galaxy. There are a few 
things that can be done to avoid some 
of this noise. For example, we can trans
mit our man-made signals on frequen
cies where natural noise is lowest. This 
is one consideration in the choice of a 
radar frequency-a relatively important 
consideration now that receiver noise 
can be reduced by junction-diode am
plifiers. The sky is also quieter in some 
directions than in others; although we 
do not always have a choice we would 
prefer to aim our antennas' toward the 
galactic pole, where there are fewer 
stars or interstellar gas-clouds to set up 

INDUCTANCE COIL 

INPUT 
SIGNAL 

� 

PUMP 
SIGNAL 

------7 

a radio din. In the past receivers have 
generally been noisier than the sky. 
When a faint input-signal nearly satu
rated with sky noise is picked up by an 
antenna, the antenna and its lead-in 
lines add their noise to it and forward 
the signal to the amplifier [see illustra
tion at bottom of page 124]. The ampli
fier multiplies both the signal and noise 
strength, and adds its noise to the signal 
before feeding it to the rest of the re
ceiver. 

If the original input-signal stands out 
strongly against its radio background
in other words, if the input signal-to-

OUTPUT 
SIGNAL 

----7 

DIODE TRA VELING·W AVE AMPLIFIER consists of a series of 

junction diodes mounted in the path of the signal, so that input 

signal and the much-stronger pump signal traverse the circuit to

gether; at each successive diode the weak signal is amplified, be-

coming progressively stronger as the pump signal becomes weaker. 

Traveliug-wave amplifiers can handle a much wider range of fre

quencies than simpler types containing only one 0" two diodes, 

and thus they have a much greater information-handling capacity. 
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noise ratio is high-chances are that the 
output signal, even with the burden of 
noise added at the receiver, will still 
be intelligible. On the other hand, very 
faint signals-radar echoes from Venus, 
say-can tolerate almost no additional 
noise burden. Thus low noise in a re
ceiving amplifier becomes more impor
tant than high gain (amplifying power) . 

It is possible to measure amplifier 
noise quantitatively. An index of noisi
ness is "effective temperature," which 
is given in degrees Kelvin (degrees cen
tigrade above absolute zero), with zero 
degrees equivalent to no noise at all. 
Junction diodes at room temperature 
(about 300 degrees Kelvin), can amplify 
with effective temperatures of 50 to 100 
degrees at most frequencies used in long
range radar-h:acking, satellite transmis
sion and television. 

In long-range radar-tracking the sub
stitution of a 75 degree-K. junction
diode amplifier for a 500 degree-K. 
vacuum-tube amplifier will increase the 
range by 30 per cent if the combined 
sky noise and antenna losses have a typi
cal noise temperature of 150 degrees K. 
When the object being tracked has its 
own radio transmitter, the relative im
provement is greater; in this case, the 
range would be increased 70 per cent. 
Junction diodes developed by our group 
at Microwave Associates, Inc., were 
used by the General Electric Company 
tracking station at Schenectady to re
ceive signals from the Pioneer IV satel
lite at a distance of 4 10,000 miles. 

For reasons of cost, commercial UHF 
television receivers do not contain the 
expensive vacuum tubes necessary for 
500-degree noise temperatures; gener
ally their noise temperatures range from 
10,000 to 20,000 degrees. Noise reduc
tions of 100-fold are therefore predict
able for these receivers, since diode 
amplifiers can be made economically 
that will have far lower noise than vacu
um tubes. 

While most of the early experimenters 
used just one diode in an amplifier, 

R. S. Engelbrecht of Bell Telephone 
Laboratories built a multiple-diode am
plifier using the traveling-wave princi
ple. The bottom illustration on page 126 
shows how input microwaves travel be
side pump microwaves, and how the 
input is amplified stepwise by each suc
cessive diode. The advantage of this type 
of amplifier is that it can respond to a 
wide range of signal frequencies, thus 
giving it great information-handling 
capacity. 

In speculating about the future appli
cations of junction diodes, we should 

* 

* 

* 

* 

* 
Dear Virginia: 

Ever since time began, 
children like you have 
asked the question: * 
"Is there really a man on 
the moon?" 

So far we haven't contacted 
anyone from there, but we are 
working on some ideas in 
COMMUNICATIONS, MISSILES and 
RADAR that may soon help get a 
man to the moon • • •  and back. 

Right now, though, we need a few 
experienced electronic engineers 
with your curiosity and 
imagination, Virginia, who can 
introduce important con
tributions in these fields. 
With them on our team, 
it won't be very long before 
we can truthfully say: 

Yes, Virginia, 
there is 8 man 
on the moon! 

* 

* 

* * * 

P.S. If your dad is an engineer 
who wants to help us prove our 
point, have him write to: 
R. S. EARY, Technical Staffing 
Director, The Magnavox Company, * 
2131 Bueter Road, Fort Wayne, Ind. 

* 
* 

IVIClgnCl"o� 
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cee 
DataTape Division 
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DATATAPE DIVISION 

Magnetic tape recording and 

reproducing equipment for 

ground-station, airborne and 

mobile applications. 

! Write for Bulletin CEC 1312-S. 

ANALYTICAL & CONTROL 

INSTRUMENT DIVISION 

Mass spectrometers, leak detectors, 

chromatographs, moisture monitors 

... lab or process models. 
Bulletin 1313-S. 

CONSOLIDATED SYSTEMS 

CORPORATION 

Subsidiary ofCEC. Systems for 

industrial process control, digital 

data handling, chemical analysis, 

missile checkout. Bulletin 1304-S. 

DATALAB DIVISION 

CEC's Advanced Electronic Data 

Laboratory . . •  conceives and 

develops new instrumentation under 

R&D contracts. Bulletin 1314-S. 

ELECTRO MECHANICAL 

INSTRUMENT DIVISION 

Direct-writing oscillographs, data 
amplifiers, vibration meters and 
power supplies ... for dynamic 
tests in missile, industrial, and 
/light-test environments. 
Bulletin 1310-S. 

TRANSDUCER DIVISION 

Sensing devices for industrial and 

military applications, pressure and 

vibration instrumentation, 
galVanometers, and telemetry 
equipment. Bulletin 1308-S. 

Consolidated 
Electrodynamics 
Corporation 
360 Sierra Madre Villa 
Pasadena, California 

EIGHTEEN·FOOT PARABOLIC ANTENNA coupled with a junction·diode amplifier 

picked up the radio signals transmitted by the Pioneer IV lunar probe more than 400,000 

miles away. The antenna is located at the General Electric Company in Schenectady, N. Y. 

mention the proposal of the late John 
von Neumann for digital computers that 
could operate 1,000 times faster than 
present computers. In them we would 
use diode amplifiers as oscillators. It is 
well known that oscillators can be made 
from amplifiers by feeding their output 
Signal back into the input. 

Because of their excellent high-fI'e
quency response, the diodes in our com
puter could be pumped with signals far 
higher in frequency than those present
ly used in digital computers. In a tuned 
circuit with a resonant frequency exactly 
half the pump frequency, the diodes 
would oscillate at a frequency just one 
half that of the pump. Such oscillations 
can take place in two equivalent but 
distinguishable ways, 180 degrees out 
of phase. The two states of oscillation 
could be used to denote the binary digits 
o and 1. Von Neumann has shown that 
such oscillators could be interconnected 

to construct a complete logical machine. 
Junction-diode amplifiers will also 

have many applications in the bowels 
of electronic apparatus in ways that will 
not affect external performance, but will 
rather achieve great Simplification, im
proved reliability and reduced power 
consumption. There are many uses for 
junction diodes in high-frequency cir
cuits that can be worked out on paper 
from the supposedly known properties of 
the diodes. In cases where laboratory 
work has carefully followed the calcu
lated prescription, the circuit perform
ance has been in remarkable accord with 
prediction. But laboratory experiments 
that range off the beaten path are already 
turning up effects that are difficult to ex
plain theoretically. Some of the new 
phenomena, when understood, will 
probably extend the command of high
frequency radio that is offered by the 
junction diode. 
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DOOR IS OPENED ... 
TO NEW ADVANCES IN MISSILE PROPELLANTS 

" ... a high throughput, lightweight flying 

chemical process plant in which quantities 

up to the order of a ton per second of 

liquid (or solid) reactants are converted to 

hot gaseous products at a precise, auto

matically controlled rate." 

BY NOW YOU'VE PROBABLY GUESSED 

that the first paragraph is a description of a 
rocket engine from the chemist's point of 
view.* Of course, there are other view-· 
points, such as those of the electronics ex
pert, or the airframe specialist. Chemicals, 
however, are a specialty with us, and we 
would like to stick to that side of the sub
ject and cover a few of the more interest
ing developments in propellants for the 
"flying chemical process plant." 

A good starting point is the question of 
solid and liquid fuels. Generally speaking, 
most solid fuels have good storability. 
However, we're glad to say that you can 
also get excellent storability with some 
liquids. Chlorine trifluoride and nitrogen 
tetroxide, for example, require no refrig
eration and have been stored without dif
ficulties for a period of over ten years. 
They can be shipped easily in ordinary 
steel containers. Both of these liquids are 
excellent storable oxidizers, each having 
certain advantages for specific missions. 
Let's look at some of the more important 
characteristics of N204. It is an effective 
oxidizer which can be used with most fuels, 
including those containing carbon. And it's 
effective because of high combustion effi
ciency. This is especially important. Gen
erally, we feel lucky if most oxidizers reach 
within 90% of theoretical Isp during com
bustion. N204 hits well over 95% efficiency 
during actual combustion. In addition, 
count-down can be reduced to seconds with 
nitrogen tetroxide as an oxidizer. Since it 
is hypergolic with amine-type fuels, igni
tion is simple and reliable. Ignition delay 
is so brief you eliminate rough starts due 
to accumulation of unreacted propellants 
in the thrust chamber. Moreover, motors 
burning such propellants are throttleable. 

All of this makes our chemists pleased with 
the product-a chemical which they really 
know and understand because we have 
produeed it commercially (we deliberately 
italicized) for more than 10 years at our 
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Nitrogen Division. If you are in the mis
sile business and looking for a storable 
oxidizer, why not check with us? We have 
special 125-lb. and 2,000-lb. cylinders 
available fot experimental purposes. And 
if you feel that's rushing it, we also have 
plenty of literature, including a 59-page 
Product Bulletin that covers everything 
from applications and physical properties 
to specifications and a bibliography. 

THE BATTLE FOR THRUST OR Isp. In 
addition to nitrogen tetroxide and chlorine 
fluoride, another entry creating more and 
more interest in the propellant field is fluo
rine. Our chemists point out that fluorine 
is not suited for all missiles. But for any 
space projects or other special missions 

where ultrahigh performance is needed, 
they feel fluorine is worth investigating. 
There have been published reports, for ex
ample, that booster rocket systems for a 
manned satellite laboratory would consist 
of a 321,000-lb. thrust engine burning a 
hydrogen-fluorine combination for 200 
seconds. This is only one of several pos
sible applications. Naturally, the question 
of handling arises. Here's an area where 
experience counts-and that's where our 
General Chemical Division enters the 
picture. 

Fluorine, as you know, once presented 
seemingly insurmountable problems in 
handling and transportation. Our research 
people of the General Chemical Division, 

Measuring rocket power of guided missile engine in static test stand at Rocke/dyne, 
a division of North American Aviation, Inc. 
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Rocket thrust chamber firings using liquid fluorine at Bell Aircraft Corporation's rocket facility. 

in cooperation with the Air Force, have 
solved many of these problems and have 
come up with a safe and practical solution 
for transportation of liquid fluorine. 
They designed a refrigerated and insulated 
tank truck of a special type. Essentially a 
giant "thermos bottle," the truck consists 
of three horizontal tanks, one inside the 
other, with spaces between serving as in
sulating mediums. Fluorine is kept in the 
inner tank in a liquid state. Liquid nitrogen 
is located in the second tank. The nitrogen 
cools the fluorine below its boiling point 
of minus 3 0 6 0  Fahrenheit and keeps it 
liquid. In the third outside tank, a granular 
insulator under vacuum is used to mini
mize boil-off losses of liquid nitrogen. The 
idea has proved practical and effective. 

Result : Instead of shipping six pounds of 
gas in a 200-lb. cylinder, we can now ship 
fluorine in 5 ,000 -pound units by tan k  

truck; and have been doing s o  for over 
three years. 

If you are interested in learning more 
about practical handling methods for fluo
rine, and would like to hear how this 
material can be used wherever high spe
cific impulse is required, why not get in 
touch with our product development peo
ple? They have worked with elemental 
fluorine for over 10 years, and would be 

glad to tell you some of the important 
things they have found out about the mate
rial as a propellant. 

MORE "INPUT" for the flying chemical 
plant. Many other chemical materials also 
help put rockets into space. And some of 
that help comes from several of our prod
ucts. Urethanes, for example, are made 
with isocyanates produced by our National 
Aniline Division. Used alone, or combined 
with polyester resins, these materials form 
combustants and binders for solid fuels. 
They also cushion sensitive instruments. 

From our Plastics & Coal Chemicals Divi
sion come high-temperature-resistant phe
nolic resins which show possibilities for 
use in the fabrication of rocket nose cones. 
Also, from this same division, come poly
ester resins which are used in reinforced 
plastics in certain parts of rockets now 
under test. 

Basic chemicals play important roles, too. 
Hydrogen peroxide, hardly a new product, 
is made by our Solvay Process Division. 
It was originally used as an oxidizer in the 
German V-2 rockets and in early Ameri
can rocket developments. It has now been 
replaced by more sophisticated chemicals 
and is employed in some specialized ap
plications. And MUTUAL chromic acid 

from Solvay is used in the chrome plating 
of p r e c i s ion parts  for guided m i s s i l e  
components . . 

THESE APPLICATI O N S, however, are 

only a few of what we like to call the 

chemical side of the missile and propel

lant business. If you want to find out more 

about any of the subjects we have dis

cussed, we would be glad to share our 

backgro u n d  and experience with you. 

Please write to A llied Chemical Corpora

tion, Dept. 69-S, 61 Broadway, New York 

6, N. Y. (In Canada: A llied Chemical 

Canada, Ltd., 1450 City Councillors Street, 

Montrea!.) 

- Quotation cited from article entitled "Rocket 

Propellants" by R. J. Thompson, Jr.,  appearing 

in Chemical & Engineering News. June 23. 1958.  

MUTUAL is an  Allied Chemical trademark. 

B A S I C  TO A M E R I C A ' S  P R O G R E S S  
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Worm Autobiographies 

In which certain Ina nne worms record their own activities on a 

revolving drum. Because these activities are relativelx simple, 

theX provide a convenient lneans of studxing biological rhy·thms 

To study how a worm spends its 
time may seem a waste of one's 
own. But if the object is to ob

serve the undisturbed behavior of an ani
mal in something like its natural habitat, 
and to keep it under continuous observa. 
tion for long periods, we can hardly find 
a more convenient subject. The great 
merit of the worm is that it does so little 
and does it slowly. A higher animal, like 
a bird, does so much so fast that anything 

hI' C. P. Wells 

approaching a complete record of its be
havior is well-nigh unobtainable. As a 
matter of fact, it is nearly always easier 
to stimulate an animal and watch its re
action in some experiment contrived in 
the laboratory than to discover how it 
spends its time when left in peace. Even 
in the field the almost unavoidable inter
action of the observer and the observed 
may be such that the behavior ceases to 
be natural. But worms are remarkably 

indifferent; their simple sense organs 
make it easy for the observer to remain 
unobserved. Above all, certain marine 
worms can be persuaded to write on paper 
a continuous record of what they are do
ing and to write it for days and weeks 
on end, while living their normal lives. 
To see how their lives are organized and 
to comprehend the springs of their be
havior, we have only to learn to read 
their writing. 

MARINE WORMS used in the author's experiments are the lug

worm Arenicola marina (center), Chaetapterlts (ballom), and the 
feather-duster worm Sabel/a paVOTlilia (left). The bodies of Sabella 

and Chaetopterlts are usually hidden in tubes of their own making, 
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Observations in the laboratory have 
led many writers to describe animal be
havior as if it were a series of mere 
reflex responses, either to stimuli from 
without or to such inner urgencies as 
an empty stomach or a full rectum. A 
well-known college text refers to "that 
series of responses which constitutes an 
animal's behavior." Our knowledge of 
the organism's own contribution to the 
patterning of its life is comparatively 
backward, but in the accounts that 
worms are now able to give us of their 
lives we can clearly see that the organ
ism is not so abject a slave of its environ
ment as has been supposed. 

In Britain, wherever flat beaches of 
muddy sand are exposed at low tide, one 
may see thousands of little coiled ropes 
of sand, up to 30 or 40 per square yard 
over vast stretches of beach. Each of 
these coils consists of sand that has been 
swallowed by a lugworm (Arenicola 
marina), robbed of its nutritious in
gredients by the worm's digestive juices, 
then shot out on the surface of the 
beach, much as toothpaste may be 
squirted from a tube. One can find simi
lar castings, and closely related worms, 
on suitable beaches all around the world. 
The lugworm is commonly about the 
size of a fountain pen, and its color may 
be anything from pink through greenish 
brown to nearly black. It has a thin tail, 
used in ejecting the sand-coil onto the 
surface, and 13 pairs of tufted gills, crim
son because the blood contains a hemo
globin rather like our own. The worm 
leads a sheltered life in a U-shaped bur
row underground, staying there for 
weeks or even months if conditions are 
favorable. It feeds at the lower end of 
one arm of the "U," the so-called head 
shaft, ingesting a column of sand that 
slides downward as fast as it is con
sumed, supplying the worm with food 
in the form of microorganisms and or
ganic matter left by each receding tide. 

The lugwol'm spawns for the first time 
at two years of age and normally lives 
to spawn a second time a year later. 
Then, in most cases at least, it dies. But 
in this article we are not so much con
cerned with the crises and climaxes of its 
life as with its ordinary day-to-day ac
tivities. 

TO make the worm record its activities 
in the laboratory we use the ap

paratus depicted at left on the next two 
pages. This consists of two glass plates, 
each 15 inches square, held about a half
inch -apart by pieces of modeling clay, 
one forming a lopsided U, the other pro
viding a semipartition inside the U. 

BEACH OF MUDDY SAND, photographed in Britain by D. P. Wilson, is covered with 

the mounds and depressions marking the burrows of lugworms. Sand falls into the head end 

of a burrow, is swallowed by the worm and is ejected in toothpaste·like coils at tail end. 
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The space between the plates is nearly 
filled with sand, and the resulting vivar
ium is immersed in a tank of sea water. A 
worm placed on the sand digs itself in 
and presently sets up a burrow which, 
if the dimensions of the worm and ap
paratus are properly matched, reaches 
its two arms up on either side of the par
tition. Soon castings begin to appear on 
one side and the sand surface subsides 
on the other. On the head-shaft side of 
the partition, water flows freely into the 
vivarium from the outer tank. On the 
tail-shaft side, however, the exchange of 
water with the outer tank is through a 
glass capillary; the water level on this 
side thus rises or falls very slightly in re
sponse to the worm's activities in its bur-

row. A float communicates the fluctua
tion of water level via a lever to a stylus 
that scratches a continuous record on a 
drum of smoked paper. The drum turns 
very slowly: about one revolution per 
day, or even per week. In this setup the 
animal is free to do what it likes in toler
ably congenial surroundings; almost 
anything it does will cause a displace
ment of water and so leave its mark on 
the tracing. The only experimental inter
ference (apart from the probably unim
pOltant constraint caused by the narrow
ness of the vivarium) is the impercepti
bly small resistance placed on the worm's 
water currents. 

The lugwonn, even in its natural 
habitat, has few activities to occupy it. 

After feeding for a time it creeps back
ward up the tail shaft to eject its casting. 
Occasionally, but only at long intervals, 
it moves forward up the head shaft, re
shaping the column, working up its tex
ture, and perhaps dragging some par
ticularly attractive object, such as a frag
ment of seaweed, from the sand surface 
into the shaft. At high tide the worm 
pumps water through its burrow, main
ly to get a supply of oxygen. The stream 
is driven by swellings that move along 
the worm's body, closing the burrow and 
conveying the water by a kind of exter
nal peristalsis. At low tide, when the 
water table falls below the sand surface, 
the worm must creep backward until it 
has exposed most of its gills to the moist 

WORMS "WRITE" by means of a stylus pivoting up and down as 
an attacbed float rises and falls with their pumping. With the lug. 

worm the author uses a vessel (left) made of pieces of modeling 
clay (light stippling) between two sheets of glass. The sand inside 
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aIr m the upper part of the tail shaft. 
When the blood hemoglobin is oxygen
ated, the worm may return to the stag
nant oxygen-deficient water in the bot
tom of the burrow. If worst comes to 
worst, a lugworm can live without any 
oxygen supply at all for several hours. 

Now the worm's normal situation 
deep in the sand is comparatively secure, 
but its regular backward trips to the sur
face are perilous. At high tide these 
trips expose it to predatory crabs or fish
es; at low tide, to sea birds and the 
dangers, very real to a marine inverte
brate, of hot sunshine, hard frost or salt
free rain. However, the worm is well 
adapted anatomically to its mode of life. 
Its vital organs-heart, kidneys, stom-

ach, and testes or ovaries-are placed in 
the forward part of its body, which usu
ally remains below. The exposed tail is 
little more than a muscular tube enclos
ing a sand-filled rectum. The tail is 
highly sensitive, however, and shrinks 
rapidly away from a hurtful stimulus, 
even throwing off its own extremity if 
the stimulus is violent enough. vVhen 
matters have come to such a pass, noth
ing is lost, for the tail is continuously 
renewed by growth from its base. The 
tail is the lugworm's protection and its 
sacrifice to the terrible gods of the 
World above the Sand. 

As we shall now see, the lugworm's 
behavior, no less than its anatomy, is 
well adapted to its way of life. At top 

left on the next two pages is an extract, 
about five hours in length, from a lug
worm autobiography. Against a fluctuat
ing background, due to variation in the 
speed of the respiratory stream, is a re
peated pattern, occurring regularly at 
intervals just under 40 minutes. The pa�
tern begins with a downward movement 
of the curve as the worm creeps back
ward to the sand surface and the rising 
water level depresses the writing lever. 
This is followed by a downward "needle" 
as the animal shoots out a casting. Then 
the curve swings upward to a peak as the 
worm creeps to the bottom of its burrow 
again and for a while pumps water in a 
headward direction with exceptional 
vigor, lowering the water level above the 

the vessel has been cut away to show the burrow. With Sabella 

and Clwetopterus, the natural tube is attached to a glass tube 

(shown at right for Sabella). In the middle illustration is a glass 

V·tube used to investigate the efl'ects of lack of food 01' of oxygen. 
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tail shaft. And so the cycle repeats hour 
after hour. 

Whenever a worm is actively feeding 
and casting, it writes this characteristic 
pattern. But the creature may also lie 
still and do nothing, the lever tracing a 
plain horizontal line; or it may write vio
lent, chaotic wiggles that have still to be 
interpreted; or it may trace other rhyth
mic patterns that there is no space here 
to describe. A long-term record of its be-

havior always shows these "moods," 
each of them generally persisting for 
several hours and then passing suddenly 
into another. If we observe worms other 
than Amnicola marina in our experiment
al setup, we see that each species shows 
different time patterns. A worm can be 
recognized by its writing on the smoked 
paper, just as a bird can be recognized 
by its song. 

Chaetoptents variopedatus, a relative 

of the lugworm in spite of its very un
worm-like appearance, ordinarily lives in 
a parchment-like tube attached to rocks 
or stones on the sea bottom. It can be 
made to write by connecting one end 
of its natural tube to a reservoir with 
a capillary leak. Like the lngworm, 
Chaetopterus is a creature of moods 
and may write one of several pat
terns. The pattern at bottom left on these 
two pages is that of a feeding worm. 

FEEDING LUG WORM made the record at left. At intervals of 

about 40 minutes it moved backward to the sand surface and shot 

out a casting, causing the sharp downward "needles." Fasting worm 

in U·tube made similar excursions although it had nothing to eat or 

CHAETOPTERUS wrote the record at left while feeding. Its steady 

tailward pumping was interrupted at regular intervals of "bout 18 
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minutes (upward needles). Animal making the record at right was 

mildly irritated. It fanned irregularly and reversed its position 
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The tracing shows a water stream, 
driven steadily toward the worm's tail 
by the three fans in the middle of its 
body, with brief interruptions (seen as 
upward needles on the graph) at inter
vals of about 18 minutes. During each 
fanning period the animal exudes a net 
of mucus across the inside of the tube to 
trap small particles in the sea water. At 
the next interruption it rolls the net into 
a ball and swallows it. The graph shows 

in the tube at half·hour intervals, producing 

the general wave pattern of the tracing. 

THIS KEY 
eliminates "backtracking" 
hand operations that 
eat up time in the multi-step 
calculations of 

THE MARCHANT 

transflo . •• 

A NEW KIND 
OF AUTOMATIC 
CALCULATOR 
THAT TAKES TH E 
IIBACKTRACKINGII 
OUTOF 
FIGUREWORK 

The Marchant transflo breaks 
through the old limits of calcu
lator automation by means of a 
unique mechanism called "back 
transfer." 

A touch of the back transfer 
key instantly and in a single 
cycle transfers the intermediate 
result in a multi-step problem 
back into the keyboard dials 
without the tedious re-entry of 
each digit by hand. There's no 
"backtracking" over masses of 
figures or work-sheet notations. 

The Marchant transflo moves 
figures swiftly from dial to dial, 
stores them and recalls them 
whenever needed. This unique 
ability creates new standards of 
operating ease, accuracy and 
speed, reducing chances for op
erator error and giving key per
sonnel more creative time to 
make use of figurework results. 

'Ib fully appreciate the new 
transflo, you have to watch it 
perform. Get a demonstration 
on your own types of current 
problems by calling your nearby 
Marchant office. Or, send the 
coupon for further information. 

Modern Management Counts on Marchant 

mAR[HANT 
CALCULATORS 

Division of SMITH-CORONA MARCHANT 
OAKLANO a, CALIFORNIA 

Send me more information about the new transflo 
calculator and how it can give us faster, more accurate 
figurework. L-6 

PLEASE ATTACH COUPON TO YOUR ORGANIZATION'S LETTERHEAD 
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RECORDS OF SABELLA SPALLANZANII, each five hours long, show two typical moods. 

During most of the left·hand extract the worm's crown of tentacles was spread out, and it 

drove water through the tube toward its head. For half an hour near the end of the record 

it pumped water tailward (drop in tracing) . The worm making the record at right had 

withdrawn into its tube and pumped water in a tail ward direction most of the time. About 

every half hour its tentacles peeped out, and it gave a burst of head ward pumping (peaks) . 

SLOW·MOTION RECORD of Sabella spallanzanii repeats the same monotonous pattern 

for days. Even beheading the animal (arrow) disrupted the pattern for only a few hours. 
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that the volume of water filtered through 
each net is rather more than a quarter 
of a liter. Another characteristic pattern 
that appears quite often in the writings 
of Chaetopte1"lls seems to result from 
mild irritation, perhaps from some fea
ture of the experimental setup. The ani
mal that made the record at bottom right 
on the preceding two pages continually 
disturbed its water stream by little bursts 
of petulant kicking, and eight times, at 
intervals of about half an hour, it turned 
around so as to reverse its position in its 
tube, causing the slow wave pattern of 
the tracing. 

Ce the space patterns of anatomy, the 
time patterns of inherited routines 

are subject to natural selection and are 
adapted to the animal's way of life. This 
is clearly seen when we compare two 
species of the so-called feather-duster 
worms. These worms bear a crown of 
feathery tentacles that act as a living net 
to catch particles carried in the sea wa
ter. One species, Sabella spallanzanii, 
found embedded in gravel or attached 
to a hard object on the sea bottom, lives 
in a U-shaped tube in which one arm of 
the U is shorter than the other. Typically 
it drives water through its tube in a 
head ward direction while the crown of 
tentacles is spread out, and then, when 
its mood changes, withdraws completely 
into its tube and pumps mainly in a tail
ward direction. One sees these behavior 
patterns over and over again in speci
men after specimen of spallanzanii. 

A second species, Sabella pavonina, 
prefers a muddy rather than a gravelly 
area. Its straight, non-U, tube runs deep 
into the mud, serving to anchor it more 
firmly. The inherited routines of this 
species consist solely of patterns of tail
ward pumping and never include re
versal of the current. This is important 
because to drive water the other way 
would draw in mud and tend to clog the 
tube. So the difference of preferred hab
itat is connected not only with the dif
ference between the U-tube of spallan
zanii and the non-U of pavonina, but 
also with a difference in inherited rou
tines. As a matter of fact, pavonina is 
perfectly capable of head ward pumping 
if the necessity should arise-if, for ex
ample, it sucks something nasty into the 
upper end of its tube-but it never does 
so of its own accord. 

We know nothing of the form in 
which behavior routines are inherited, 
or how they are stored for future use 
when not being performed. It is, how
ever, worth noting that the worm's brain 
plays no part in their production. The 
crown of Sabella is quite vulnerable to 
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Tiny Allen-Bradley Resistors deliver 

maximum reliability in critical military applications 

The very "life" of a huge missile may well rest 
upon tiny surges of current through Allen
Bradley resistors in its guidance system. These 
signal impulses in a missile's brain are essential 
to its flight direction-they must accurately 
agree with the designer's "figures." 

A-B hot molded resistors have proven their 
reliability over the last 25 years or more-and in 
the most critical applications. Their uniform 

electrical characteristics and conservative ratings 
assure superior performance at all times. Allen
Bradley hot molded composition resistors have 
never experienced a catastrophic failure in serv
ice ... and billions of these resistors are in daily 
service throughout the world. 

Let us send you more information on the com
plete Allen-Bradley line of quality electronic 
components. Write today. 

Superior Quality 
A-B Electronic 
Components find 
scores of impor
tant industrial 
applications. 

FERRITES CAPACITORS POTENTIOMETERS FILTERS 
Types available for One physical size for 

I 
For quality radio For radar and other 

TV and industrial uses high·speed assembly & audio equipment microwave equipment 

ALLEN - BRADLEY I Quality 
Electronic Components 

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, Wis. • In Canada: Allen·Bradley Canada Ltd., Galt, Onto 
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PROGRESS REPORT 

Fabricating 
Columbium Alloys 

First, let's settle the question "When is columbium niobium?" It depends 
on whether you're a chemist or a metallurgist. And since we are inter
ested mostly in metallurgy at the TAP eo Group, we call it columbium. 

Columbium is growing more and more interesting to the people with 
product design problems involving high operating temperatures, greater 
stresses, and severe oxidizing conditions. In fact, it is rapidly overtaking 
molybdenum as the expert's choice for refractory structural materials. 

Because of this increased interest in columbium, now available in 
sufficient quantities, the TAPeo Group has been conducting an extensive 
columbium development program during the past eighteen months. This 
program, a joint venture with E.!. duPont de Nemours & Co., Inc., has 
contributed much information about the properties of columbium and 
has produced better methods of working with it. 

ABOUT WORKABI LIT¥-At T APeo, forging methods have been investigated 
with a variety of columbium extruded bars. Excellent progress is being 
made on jet engine parts and missile structural components. One method 
used to produce turbine blades includes heating blanks to forging tem
perature in an Argon-flooded furnace, then press-forging them in con
junction with a TAPeo-developed die lubricant. Simple surface-polishing 
is all that is needed to finish these precision-forged parts. 

An important phase of the TAPeo program is the development of 
welding procedures for columbium alloys. TAPeo welding engineers 
have successfully joined columbium by spot and seam resistance 
methods, have also fusion-welded columbium sheets successfully. 

WHAT DOES COLUMBIUM OFFER? If you design or build aircraft 
engines, missiles or supersonic airframes, you'll be interested in the 
research the TAPeo G r o u p  and d uPo n t  have done to improve 
columbium properties. 

It has excellent strength and shock resistance at greatly elevated tem
peratures . .. up to 2600 F, even 3000 F with some alloy compositions. 

Now,. about columbium vs. molybdenum. Columbium is easier to 
fabricate than moly. And much, much more resistant to elevated-tem
perature oxidation. For example, a simple columbium alloy is as much 
as 100 times better than moly on oxidation resistance. And a complex 
columbium alloy may be as much as 500 times better.-----

At TAPeo, coating materials for columbium are being developed, 
including one that reduces the oxidation of columbium at 2200-2300 F 
to practically zero. 

WHERE TO USE COLUMBIUM-Columbium blades for jet engine turbines 
are an actuality . . .  we'll be glad to show you finished forgings. Colum
bium also makes sense for such other jet engine "hot zone" parts as 
vanes, turbine wheels, after-burner liners, nozzles and nozzle flaps, and 
burner holders. 

The use of columbium sheet seems very promising for missile struc
tural components, such as leading edges, hinges, brackets, and the "ribs" 
and "skin" for airframes. 

We would welcome an opportunity to tell you more about 
TAPeo's columbium research, and to discuss with you 
the many exciting possibilities of this space-age metal. 

TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 

Dept. SA-1659 • Cleveland 17, Ohio 

TUBES OF SABELLA are leathery and have 

a parchment·like root. At left are the 

U·tubes of Sabella spallanzllnii, in which the 

prowling predators when spread out in 
the sea water, and a worm may not al
ways slip back into the tube quickly 
enough to escape a hungry fish. Fortu
nately a worm that has lost its head is 
able to grow a new one almost, but not 
quite, the same as the original. Under 
natural conditions more than half the 
worms show that they have had this ex
perience at one time or another. During 
the slow-motion record at the bottom of 
page 138, the experimenter played the 
fish; I crept up with a pair of scissors and 
snipped off the entire head and crown 
with a short length of neck. It will be 
seen that the now-headless worm was 
put out, but only for a couple of hours; 
thereafter it calmly settled down to 
write the same old story. The resem
blance between the complicated pat
terns traced by a decapitated Sabella, 
of either species, and those of a normal 
worm is remarkably close. 

Even though the brain is unimpor
tant, we can be sure that the patterns 
are not mere chains of reflexes. The 
tailwarcl excursions of the lugworm look 
like reflex responses to a full rectum. 
Yet a lugworm can be kept in clean sea 
water, and after fasting for clays, it some-
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root returns to the surface of sand or gravel. 

At right are tubes of Sabella pavonina, 

which extend deeper into muddy sand. 

times makes its regular excursions at 
normal intervals, though it has nothing 
in its rectum to discharge. Such experi
ments show that the lugworm has some 
kind of physiological clock in its nervous 
system that ticks spontaneously (if the 
worm is in the right mood) and compels 
it to go through its performances even 
in the absence of physiological need. 

The clock that controls the lugworm's 
feeding has, in fact, been located. 

Under natural conditions the worm 
feeds in little bursts, each lasting for a 
few minutes, with a rest of a minute or 
so in between. In a glass tube of sea 
water with no sand to eat, the worms 
often make the same movements with 
about the same timing. If the front part 
of the gut-the esophagus-is removed 
from the worm and placed in a dish of 
sea water, it too exhibits this rhythm 
automatically. For a few minutes it is 
vigorously active, with waves of con
traction running along it in regular se
quence from the front end to the back; 
then it becomes quiet for a couple of 
minutes, and so on. One can show con
vincingly by appropriate experiments 
that the behavior of the esophagus is the 

For over a hundred years, the metal that answers to two names
columbium and niobium - sat happily around with no real job all its 
own, although the stainless steel people have used small quantities of 
this "rare" metal as a stabilizing element. 

Then about 1957 the people at TAPco decided columbium, now no 
longer "rare", ought to go to work . .. at the hot spots in missiles 
and aircraft. 

In the past 18 months, the TAPCO Group, in joint research projects 
with E.!. duPont de Nemours & Co., Inc., has worked out commercial 
ways to produce columbium alloy forgings and sheet-metal parts. These 

, columbium parts will withstand very high combustion temperature in 
gas turbines and very high friction temperature in missile structural and 
surface parts. TAPCO columbium-working experience includes precision
forging of turbine blades and forging of leading edge preforms, as well as 
stamping, welding, and machining columbium alloy sheet and extrusions. 

If your project needs heat-resistance to 2600 F, sustained strength at 
elevated temperatures, good resistance to high-temperature oxidation, 
let us show you how TAPco experience can supply the columbium alloy 

parts to meet these requirements. 

TAPeo GROUP 
Thompson Ramo Wooldridge Inc. 

DEPT. SA-26S9 • CL EVELAND 17, OHIO 

DESIGNERS AND MANUFACTURERS O F  SYSTEMS, SUBSYSTEMS AND COMPONENTS 

FOR THE AIRCRAFT, MISSILE, ORDNANCE, ELECTRONIC, AND NUCLEAR INDUSTRIES 
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Plan Range Instrumentation 

for "Project Mercury" 

-man's first space flight I 
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This is it: now you can take part in Man's greatest and m'ost 
challenging venture-travel into space! This is Project Mercury. 
RCA's charter: to engineer, plan and design a world-wide 
range instrumentation system to control manned space flights. 
Work is in the Norfolk, Virginia area. 

If you're an electronics engineer with broad experience in 
radar, telemetry, and advanced range communications, here is 
your chance to work on this most exciting project. 

To arrange an immediate interview, send resume to: 
Mr. James Bell 

Employment Manager, Dept. Y-21 F 
RCA Service Company, Inc. 

Cherry Hill, Camden 8, New Jersey 

determining cause of the intermittent 
feeding of the intact worm. When the 
esophagus is active, its activity spreads 
through the nervous system to most of 
the muscles of the body, affecting them 
in various ways and producing the com
plicated movements. 

The rhythms of the lugworm can of 
course adjust themselves to suit external 
conditions. If the sand surface dries dur
ing low tide, the worms commonly cease 
to feed and defecate. The periodic ex
cursions persist, however, and now serve 
as a means of aerial respiration, air be
ing swept down into contact with the 
gills by the pumping motions. After a 
period of enforced oxygen lack, the ex
cursions follow each other at unusually 
short intervals. But basically the rhythms 
are intrinsic. 

A lugworm esophagus may be com
pared with that well-known classroom 
object the isolated heart of the frog. 
Even a little shred of heart muscle con
tracts rhythmically as long as it stays 
alive and healthy. The rhythmicity of 
the heart is as much a built-in feature 
as the anatomical structure of its cells. 
Similarly a lugworm esophagus, cut into 
pieces either lengthwise or across, shows 
the characteristic alternation of rhyth
mic activity and rest. Just as the heart
beat can be modified by factors external 
to it, such as hormones and nerves, so the 
rhythm of the esophagus is affected by 
changes in its surrounding fluid. By in
creasing the amount of magnesium in 
the fluid, the esophagus can be slowed 
up so that its outbursts of activity appear 
at regular intervals of over half an hour. 
How a clock of cellular dimensions can 
tick as slowly as this is indeed an in
triguing problem. It is presumably re
lated to many other problems of physi
ology, such as the exact mechanism of 
the heartbeat. Under certain abnormal 
conditions a heart may beat in bursts, 
very like the activity pattern of an iso
lated lugworm esophagus. Perhaps when 
the investigators of the vertebrate heart 
have found out how it beats, their an
swers may also explain the contractions 
of the lugworm esophagus. 

The behavior of the lugworm is no 
less inherently spontaneous than the 
beating of the heart. The worm tends to 
express itself by generating character
istic patterns of events arranged in time, 
though the patterns may be interfered 
with, and more or less modified, by en
vironmental influences. In other words, 
at the moment of fertilization, when it 
comes into existence, the lugworm 
acquires a blueprint for its body and a 
program for its life, though both are 
subject to environmental approval. 
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water-lubricated GRAPHITARH 
(CARBON-GRAPHITE) 

bearings in "canned" motor pumps 

give exceptional performance in 

high-pressure, high temperature 

fluid systems 

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

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

radioactive hot water is employed as lubrication. 

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

This versatile engineering material, 
GRAPHIT AR, may well solve one of your 
difficult design problems. For further in
formation on GRAPHITAR and its many 
applications, send for our engineering 
manual No. 20. 

R-266-1 

THE UNITED STATES GRAPHITE COMPANY 
DIVIS ION OF T H E  WICKES COR P OR ATION, SAGINAW 6, MICHIGAN 

GRAPHITAR® CARBON-GRAPHITE • GRAMIX® POWDERED METAL PARTS • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 
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II I 
... accurate within + 0.1% of reading 

... pinboard programming for maximum flexibility 

Here's a standard, all-purpose 120-point logger
scanner system with features formerly found only 
in more expensive, custom-designed equipment ... 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 
of maintenance. Wide ambient temperature oper
ating limits-60 to 120°F -eliminate the need for 
special air conditioning equipment. 

The Series 3120 accepts signals from primary 
measuring instruments-thermocouples, flow, pres
sure or other transducers. It measures these sig
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer
ence oven can be supplied to accommodate three 
types of thermocouple inputs-types T, J, and K
which are automatically linearized over their entire 

range to within 0.1 % accuracy. 

TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal varia bles. 

The operator can select either automatically or 
manually initiated logging cycles. He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles. 

Between logging cycles, the system can scan off
normal alarm points-high, low or both-at a rate 
of 7 points per second. Upon detecting an off
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 

Get complete details from your nearby Honeywell 
field engineer. Call him today ... he's as near as 
your phone. MINNEAPOLIS-HoNEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 

Honeywell 
H �ttNv·� 

STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are con
nected by plugs for easy servicing. 
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MATRILINEAL HOUSEHOLD is characteristic of the Ashanti 
tribe in Ghana, West Africa. A typical Ashanti household includes 

a grandmother, her sons and daughters and their children. Each 

PATRILINEAL HOUSEHOLD typifies the Tallensi tribe, also 
of Ghana. While more primitive than the Ashanti, they have more 

highly structured households. Outside the gate, by the sacred tree 

and couical ancestor shrine, is a social area for the men of the 

house. Inside the gate the patriarch of the household stands in 

the cattle yard, his special domain. To the right is the flat·roofed 
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adult occupies one room. Their spouses live apart from them in 
their own matrilineal households nearby. In this drawing part of 
the tin roof is removed, showing the interior of the adobe rooms. 

cattle shed where his ancestral SPIrIts dwell. Behind him, at the 
hub of the homestead, is its granary, from which only he may dis· 

pense grain. Clockwise arouud the homestead, starting to the left 

of the gate, are a room for adolescent boys; the bedroom, pantry 

and unroofed dry.season kitchen of the patriarch's mother; and the 
bedroom, kitchen and pantry of his wife, himself and his children. 
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PRIMITIVE KINSHIP 

In most primitive societies the family is an organization far more 

complex than the family of Western civilization. This organization 

reflects the larger role played by the family in primitive cultures 

M inisters, political orators and edi
torial writers are apt to tell us 
that the family is the keystone 

of society. From the biological point of 
view it would indeed seem to be the 
ultimate social institution. The conjugal 
family-husband and wife and their chil
dren-gives social expression to the 
function of human reproduction. Early 
travelers from our civilization were 
sometimes shocked because they could 
find no obvious counterpart of our family 
among primitive peoples. When they 
found large communal households, in
habited by men, women and children 
having the most bizarre and sometimes 
downright indecent relationships to one 
another (in the terminology of our 
family), they took this as conclusive evi
dence that these cultures were barbaric. 

We have come to know primitive peo
ples at closer range in recent years. What 
they have taught us has radically altered 
our judgment of their family organiza
tions and given us an humbler under
standing of our own. Primitive family 
types vary in their constitution, but they 
are always precisely structured institu
tions, embracing the primary loyalty and 
life activity of their large memberships 
and enduring from genel'ation to genera
tion. The exact prescription of relation
ships among members gives each in
dividual a significantly defined connec
tion to a wide circle of his kin. To the 
individual member, the family's property 
is the source of livelihood, its ancestors 
are his gods, its elders his government 
and its young men his defense and his 
support in old age. In simpler cultures 
(e.g., the Australian aborigines) family 
and society are actually coterminous: all 
men are either kinsmen or potential 
enemies. 

We, in contrast, are primarily citi
zens, not kinsmen. The family is organ
ized anew with each marriage. It must 

share our allegiance with the many com
peting claims of our society: the loyal
ties we owe to the institutions that em
ploy us, to our professional organiza
tions, to political parties, to community 
and nation. A family of such reduced 
status and scope is, as a matter of fact, 
distinctly out of the ordinary as families 
go. The Hebrew families of the Bible 

and the Roman gens more closely re
semble the extended family systems of 
contemporary primitive cultures than 
they do our own. Of all the primitive 
societies I know, the one that most close
ly resembles ours in isolating the con
jugal family as the basic social unit is 
the Iban, a tribe of head-hunters in North 
Borneo. The vocabulary we employ to 

TALLENSI DWELLING depicted in this schematic drawing is far more elaborate than the 

one shown in greater detail on the opposite page. It includes the patriarch's cattle yard 

(A) ; his senior wife's hedroom, pantry and kitchen (B) ; a similar unit for his second wife 
(C) , including a hut (D) for her adult child, his second son; a unit for his third wife (E) ; 

his eldest son's domain, including units for the latter's first wife (F) and second wife (G) ; 

a unit for the third son (H). The basic Tallensi house plan can be expanded to any size. 

Large joint families of Ihis kind are typical of primitive societies that are not nomadic. 
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tree. The symbols are explained in the first key at righl. The lellers, 
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vidual labeled "ego," are explained in the second key. Note that, 
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by the Ashanti, "ego· s'· aunt as well as his own female parenl is 

called "mother"; his aunt's children as well as his own hl"Olhers 

nnd sisters are called "siblings." "Ego's" own domestic household 

is shown in the broken colored rectangle at the center of the charI. 
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LIVING FEMALE 
DECEASED FEMALE 
LIVING MALE 
DECEASED MALE 
MARRIED MEMBERS 

ASHANTI LINEAGE shown in this chart represents .he common ancestry of six domestic families, traced 

lhrough the female line (mothers and gmndmothers, not fathers and grandfathers) to a single ancestress 

© 1959 SCIENTIFIC AMERICAN, INC



M Sib F Sib 

1- - - - - - - - - - - - - - - - - --- - - - - -
1 
1 

GF 

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

• 
... 

FEMALE 

MALE 

MARRIAGE 

generation in "ego's" family. The fourth generation, comprising his sister's children, will 
be his heirs. His own wife lives apart from him in another matrilineal household else
where in the village. His children are heirs not of himself but of his male affinal rela

tions ("in·laws"), who share his wife's household. Also shown in this chart, in whole or 
part, are four households in which dwell spouses of other members of "ego's" family. 
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(top). This "matrilineal" descent does not mean that Ashanti property and authority 
pass from mother to daughter; rather they descend from a woman's brother to her son. 
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describe our kin-our uncles, aunts and 
cousins-beyond the immediate con
jugal family fails to suggest the compel
ling ties that bind the kinship of peoples 
other than those of modern European 
and American civilization. Students of 
primitive kinship systems have found 
that they employ a terminology wholly 
unlike our own: the "classificatory" sys
tem, which groups relatives by status 
rather than sorting out their genetic in
terrelationships. It appears that all kin
ship systems obey certain universal 
principles governing the separation, in
ner unity and orderly sequence of gen
erations. Viewed from the vantage pOint 
of such understanding, our family ap
pears to be the much-curtailed form of 
a once far more elaborate and compre
hensive organization. 

T wo "facts of life" necessarily provide 
the basis of every family: the fact of 

sexual intercourse is institutionalized in 
marriage; the fact of parturition is insti
tutionalized in parenthood. Societies dif
fer greatly, however, in which of these 
institutions they select as the more im
portant. Our society selects marriage: 
the result is the conjugal family, centered 
upon a single marital relationship and 
the children it produces. Most human 
societies, however, rate parenthood 
above marriage. This results in the con
sanguineal family, centered upon a 
single line of descent. 

Biologically our lineal inheritance de
rives equally from both sides of the 
family according to Mendelian law. So
cieties that prize lineage, however, re
strict social inheritance either to the ma
ternal or the paternal line. The social 
heritage-that is, property, citizenship, 
office, rank-passes either through the 
father or through the mother. "Patrilin
eal" descent (father to son) was the rule 
in ancient Rome, China and Israel, and 
occurs in many primitive societies. 
"Matrilineal" descent (mother's brother 
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to sister's son) is common in Asia, Africa, 
Oceania and aboriginal America. 

One matrilineal society that flourishes 
today is the ancient, wealthy and artis
tic kingdom of Ashanti in Ghana, West 
Africa. While European mores have 
made some inroads among the Ashanti, 
back-country Ashanti villages still keep 
to their strictly matrilineal ways. Let us 
consider how such a society works. 

First of all, let us note that a matri
lineal society is not a matriarchal socie
ty: it is not ruled by women. So far as I 
know there is not, nor has there ever 
been, such a thing as a genuine matri
archal government. In every preliterate 
society men, not women, hold the politi
cal, legal and economic power; the 
women usually remain legal minors all 
their lives, subject to the authority of 
their menfolk. Primitive peoples usually 
understand quite well why men, not 
women, must be the rulers. The women, 
they say, are incapacitated for warfare 
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and the affairs of state by the necessity 
of bearing and rearing children. Many 
peoples, including the Ashanti, believe 
that women are magically dangerous to 
men during menstruation and after 
childbirth. 

In describing the Ashanti kinship sys
tem I am going to use common English 
terms (like "aunt" and "cousin") rather 
than attempt to translate the native ter
minology. The typical Ashanti house
hold consists of an old woman, her 
daughters, their children and one or two 
of her sons. The old woman, the daugh
ters and the sons are all married, but 
where are their spouses? We can sup
pose that all of these people are on good 
terms with their husbands and wives; 
nevertheless they do not form part of 
the same household with them, because 
thev do not belong to the same clan. 
The spouses all live nearby, in house
holds belonging to their own clans. The 
legal head of the household is one of the 
old woman's sons; he inherited his role 
from his mother's brother, not his father; 
he will pass it on to his sister's son, not 
his own [see illustration at bottom of pre
ceding two pagesl. 

Among the Ashanti marriage is gov
erned by strict moral, legal and religious 
rules. Yet it is clear that the Ashanti find 
the fact of descent much more important 
than the fact of marriage. That is why 
the households are formed by mothers 
and children rather than by husbands 
and wives. The lineage group to which 
the old woman and her children belong 
is united by the bond of common descent 
from an ancestress of perhaps the 10th 

generation before that of the youngest 
members. Through this ancestress the 
group traces its descent from an even 
more remote mythological ancestress: 
the progenitor of their clan, one of the 
eight clans into which the Ashanti peo
ple is divided. 

It is considered a sin and a crime for 
members of the same Ashanti lineage 

to have sexual relations; by this token 
they must look for spouses of independ
ent descent, that is, of a different clan. 
Since husband and wife commonly re
side in separate households, they must 
live near each other if they are to have 
a normal marital relationship. More than 
80 per cent of all marriages occur within 
the village community. Usually, there
fore, one or two lineages of each of the 
eight clans is found in a village of aver
age size. 

The Ashanti rule of matrilineal de
scent has implications that reach far be
yond the domestic household. Every 
Ashanti is by birth a citizen of the chief
dom to which his maternal lineage be
longs. A man or woman can build a 
house freely on any vacant site in this 
chiefdom, and can farm any piece of 
unclaimed soil in the lands that it owns. 
An individual has no such rights in any 
other chiefdom. By the rule of matri
lineal descent, a man can will no proper
ty to his own children; they belong to 
another household and another clan: his 
wife's. A man's heirs and successors are 
his sisters' sons. On his death his proper
ty and any position of hereditary rank 
he may hold pass automatically to his 
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TALLENSI PATRILINEAL FAMILY differs from the Ashanti 
family (see chart at bottom 0/ preceding two pages) in that it is 
a community of fathers, sons and their wives, not one of mothers, 

their brothers and their children, all living apart from their 
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husbands and wives. It resemble>; the Ashanti family, however, in 

its use of classificatory terminology; e.g., "ego" addresses his 
brother's children, as well as his own, as �'son" or "daughter," 3 

common practice with peoples who live in large joint households. 
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oldest nephew. If he wishes his own 
sons and daughters to benefit from his 
property, he must be content to make 
them gifts during his lifetime. They can 
accept his gifts only with the consent of 
his matrilineal heirs and of the elders 
in his lineage group. In the Ashanti tra
dition the individual comes under the 
authority of the mother's brother, not the 
father. It is the mother's brother whose 
consent is legally essential for a girl or 
boy to marry; he is also responsible for 
any costs that arise from divorce or other 
suits against them. 

How do marriage and parenthood 
work out in such a system of kinship 
rules? It is undeniable that the Ashanti 
have delicate problems of marital adjust
ment. Both husband and wife must reach 

a compromise between their prima
ry loyalties to matrilineal kin and their 
attachment to each other and to their 
children. When a man marries, he ac
quires legal rights to his wife's marital 
fidelity and to domestic services such as 
the regular provision of his meals. If a 
wife commits adultery, her husband can 
claim damages from the other man and 
apologies and a gift of placation from 
the wife, even if, as often happens, he 
does not divorce her. He can and will 
insist on divorce if his wife neglects her 
household duties or refuses to sleep with 
him. The husband is in turn obliged to 
provide food, clothing and general care 
for his wife and children. If he fails in 
these duties, his wife can divorce him. 
In fact, divorce is very common among 
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the Ashanti. Usually it is free of acri
mony, for it does not involve the splitting 
of a household. 

What an Ashanti man does not ac
quire by marriage is rights over his wife's 
reproductive powers, that is, over the 
children she bears him. These belong to 
her lineage, as opposed to his. An Ashan
ti man cannot demand help from his 
sons, for example in farming or in the 
payment of a debt, as he can from his 
sisters' sons. He can punish his nephew, 
but not his sons. He can order his nieces 
to marry a man of his choice, but not his 
daughter. 

At the opposite extreme from the 
Ashanti are the Tallensi, who live nearby 
in Ghana's remote northern uplands. 
The Tallensi kinship and marriage sys-
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TALLENSI LINEAGE depicted here is shared in common by six domestic families. Unlike the Ashanti, 

the TaJlensi lineage is traced in the male line: from father to SOil. This family tree includes six genera-
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tem is the mirror image of that of the 
Ashanti. The Tallensi household is not 
matrilineal but patrilineal; it consists of 
a group of men, usually a man and his 
sons and grandsons, together with their 
wives and unmarried daughters. The 
men of this household and others in the 
immediate neighborhood all share the 
same patrilineal descent, which they can 
trace back in the male line to a single 
male ancestor [see illustration on these 
two pagesl. Tallensi men share their 
land, are equally eligible for family 
offices and join in the worship of ances
tral spirits. Like the Ashanti, the Tal
lensi are "exogamous"; their children 
must marry members of clans other than 
their own. Among the Tallensi, however, 
a woman joins her husband's household 
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on marriage, because he has rights not 
only to her domestic services and mari
tal fidelity, but also to her children. This 
is the crucial distinction between matri
lineal and patrilineal systems. 

Our Western way of reckoning kinship 
is neither matrilineal nor patriline

al. Rather, it is "bilateral" [see illustra
tion at bottom of next two pagesl. That 
is, we consider our mothers' kin to be as 
closely related to us as our fathers'. Now
adays we follow the same etiquette with 
both maternal and paternal relatives. 
Our terminology distinctly reflects the 
equality of our conjugal family system. 
Since we rate the conjugal (husband
wife) over the lineal (parent-child) 
bond, the paternal or maternal orienta-
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tions, all derived from a single male. In each generation the women marry into other 

households and their children do not continue their lineage but that of their husbands. 
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SEPARATION OF GENERATIONS from one another, a universal 

feature of kinship systems which serves to maintain the authority 
of seniors over juniors, is represented in this series of photographs. 

The photograph at left depicts the Tallensi custom of avoidance 
between a father (center 0/ photograph) and his eldest son, who 

may not share his father's plate, although a younger son is shown 

tion of the lineage becomes a matter of 
indifference. In naming our spouses' rel
atives we assimilate them to our own: a 
mother-in-law is a kind of mother, a 
brother-in-law is a kind of brother, and 
we treat them accordingly. 

Our kinship terminology, like that of 
the Eskimos and a few other peoples, 
follows the so-called descriptive system. 
We have separate labels for each cate
gory of our kin, according to their gen
eration, their sex and their linkage to us 
by descent or marriage. We distinguish 

,our parents ("father" and "mother") 
from their male siblings ("uncles") and 
their female siblings ("aunts"). We have 
different appellations for our own sib
lings ("brother," "sister") and for our 
aunts' and uncles' children ("cousins"). 

This terminology was recognized for 
the first time nearly a century ago by a 
great U. S. anthropologist, Lewis H. 
Morgan. His Systems of Consanguinity 
and Affinity of the Human Family, pub
lished in 1871, founded the modern 
study of kinship systems. Morgan and 

l I � I 
�----------�y�----------� Non-Kin 

A AUNT 
B BROTHER 

BL BROTHER-IN-LAW 

C COUSIN 

his followers believed that classificatory 
terminology had survived from an ex
tremely primitive stage of social organi
zation, in which a group of sisters would 
mate promiscuously with a group of 
brothers and would rear the offspring in 
common. 
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Most primitive peoples use the entire

ly different labels of the classificatory 
system. This system often strikes West
erners as odd, although it is widespread 
among the peoples of mankind. Its prin
ciple is that in each generation all rela
tives of the same sex are addressed in the 
same way, no matter how remote the re
lationship. A sister and a female first
or second-cousin are all called "sister"; a 
father, an uncle and more distant male 
collaterals of their generation are called 
"father." A woman addresses her nieces 
and nephews, as well as her own off
spring, as "my children." The nieces and 
nephews, as well as her own children, 
call her "mother." The Tallensi, the 
Swazi of South Africa and many other 
societies even use words for "father" 
with a feminine suffix added, to desig
nate the sisters of all the men they ad
dress as "father." A Swazi calls his moth
er's brother a "male mother." 
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MODERN EUROPEAN FAMILY is neither matrilineal nor patri· 
lineal, but bilateral. The modern Western family (broken ree· 
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Si 

doing so. The photographs at center and on the page at right show 

a Tallensi custom that illustrates the succession of juniors to the 
authority of their seniors. An eldest son whose father has died 

wears his father's tuuic turned inside out. While his eldest sister 

clutches the garment, he marches around the homestead, then 

enters his father's cattle shed, thus canceling the avoidance taboo. 

By now Morgan's theory of "group 
marriage" has been completely discred
ited. Modern anthropology has discov
ered far more cogent reasons for the 
existence of classificatory terminology. 
If a man calls all the male relatives of 
his generation "brother," it is not be-

cause at some remote period the promis
cuity of the elder generation made it 
impossible to tell one's brother from 
one's cousin. The reason is that such 
generalized terminology expresses the 
deep sense of corporate unity in the ex
tended family. A child in such a family 
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knows very well which of the women of 
the household is his physiological moth
er. Like children anywhere in the world, 
he will love his real mother as he loves 
none of her sisters or female cousins. Yet 
in the joint family those sisters and 
cousins share his mother's duties to him, 
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Non-Kin 
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langle) is smaller than the Ashanti or Tallensi and centered upon 
marriage, not lineage. Since neither maternal nor paternal lineage 

has exclusive importance, we acknowledge relatives on both sides 
and give them similar nanles (e.g., "mother," "mother-in-law"). 
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The flight testing of second generation missiles -more versatile 
and powerful than their predecessors-requires a device for 
sure termination of any missile flight that might endanger the 
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One module houses the basic receiver. The second module con
tains the three command channels and relays. This integrated 
package occupies 115 cubic inches, and weighs 4 pounds. The 
receiver requires no pressurization and operates reliably under 
the adverse environmental conditions encountered in missile 
flight testing. 
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Electronic language translation 
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For a copy of our brochure, An Introduction to Ramo
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L. Pyke. 
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a division of Thompson Ramo Wooldridge Inc. 

and he must observe the same code of 
politeness with each of them. If his real 
mother should die, another of the women 
he calls "mother" will replace her. The 
classificatory terminology binds together 
groups that share status and responsi
bilities. To people like the Ashanti and 
Tallensi the word "mother" has a social 
rather than a biological significance: it 
defines one rank in a complex family 
system. 

The need to define relationships is 
crucial in every society, and all kin

ship svstems have evolved in response 
to this need. We are indebted to A. R. 
Radcliffe-Brown, the distinguished Brit
ish anthropologist, for the most satisfac
tory statement of the underlying princi
ples. The first of these establishes a clear 
demarcation between successive genera
tions. The elders are not only physiologi
cal progenitors of their young; they also 
protect and nurture them throughout 
childhood and provide their first training 
in the crafts, customs and morals of the 
tribe. This all-important relationship re
quires not only love on the part of the 
parents but also respect on the part of 
the children. Parental authority is in
compatible with complete intimac�'. 
'dost societies banish everything sexual 
from the parent-and-child relationship; 
the universal taboo on incest between 
parent and child epitomizes the cleavage 
between elder and younger generations, 
� I any societies enforce certain "avoid
ances" that help to maintain social dis
tance between generations. The Tallen
si, for example, forbid an eldest son to 
eat from his father's dish [see illustra
tions at top of preceding two pages). 
Some central African tribes carry avoid
ance to extremes. One tribe, the N,'
akyusa, requires fathers and children to 
live in separate villages. In the matrilin
eal Ashanti societv, on the other hand, it 
is the uncle to whom children show re
spect (or at least resentful submission) . 
Ashanti fathers are not figures of au
thoritv to their children and need not 
keep

' 
aloof from them. Indeed, the 

father's lack of authority over his chil
dren is compensated for by warm bonds 
of trust and affection. 

Radcliffe-Brown's second principle is 
the so-called sibling rule of unity and 
loyalty among the members of a single 
generation. The unity among siblings 
(meaning cousins as well as brothers and 
sisters) is the converse of the first prin
ciple of separation between each gen
eration of siblings and the next. Inter
nally, of course, each generation is dif
ferentiated bv sex and order of birth. Yet 
the rule gen�rallv prevails that siblings 
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DR. RICHARD L. SHUEY joined the General 
Electric Research Laboratory in 1950 after 
receiving his Ph.D. from the University 
of California. As a Naval Reserve officer 
during the war, he did scientific work on 
radar and radar countermeasures. His reo 
search at General Electric has been con· 
cerned with fundamental investigations in 
information theory. He is currently man· 
ager of the Information Studies Section. 

Will machines ever "think"? 
General Electric's Dr. Richard L. Shuey seeks 

new insight Into the problems of information processing 

T
ODAY'S computing machines frequently are described 

as "fast morons" - they do what they are told, and 

they do it with extraordinary speed. But will tomorrow's 

machines be capable of judgment without human guid

ance? Dr. Richard L. Shuey of the General Electric Re

search Laboratory believes that they will - when future, 

more sophisticated machines are given the capability of 

self-organization. While it is unlikely that man-made ma

chines will ever duplicate all aspects of human intelligence, 

they will develop their own criteria for decision making, 
and in most cases will program their own operations. 

Dr. Shuey and his associates are attacking these prob
lems by using and combining knowledge from several 

areas of science. Mathematicians, electrical engineers, and 

physicists work side by side, and there is a growing inter

est in applying biological science to the theory of informa

tion processing. 

The dramatic advances that are already being made in 
this area at General Electric typify the progress that can 
be made when scientists are provided the incentives, the 

tools, and the freedom to seek out new knowledge. 

Progress Is Our Most Imporlanf Product 

GENERAL e ELECTRIC 
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E N G I N E E R S 

RECOGN I T I ON 
AND REWARD 
. . .  both come early 

at PERKIN-ELMER ! 
It is Perkin-Elmer policy to offer im
portant rewards in salary, security and 
satisfaction j ust as soon as it i s  possible. 
The mainstay of this progressive point of 
view is a non-regimented approach to 
creative imagination that offers gifted 
E ngineers and Physicists the broad and 
unfettered freedom so necessary to the 
full development of individual abilities. 

Active in the dawning Space Age, 
Perkin- Elmer programs include vital 
proj ects in the most advanced and com
plex areas of : 
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lem now under investigation in PROJECT 
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laboratories at Princeton University's 
James Forrestal Research Center. 

S E N I O R  POSITIONS OPEN : 

I nstrumentation 
F o r  a n  engineer or physi�ist skilled i n  
sophisticated and d iverse instrumenta
tion development. 

Electronics 
F o r  a n  engineer experienced in high 
power r.f.  circuitry. induction heating 
or a l l ied fields. 
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Ra)'t»Oll d B .  Starb u ck 
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M A T T E R H O R N  
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share all things on equal terms. Fre
quently the sibling principle is general
ized to include all tribesmen of the same 
generation. In East and West Africa this 
is institutionalized in the so-called age
grade system. The pastoral Masai, for 
example, initiate youths into their lowest 
"grade" of junior warriors every seven 
years, two successive grades forming a 
"generation set."  Members of a set are 
classificatory brothers to each other and 
are classificatory fathers to the next set .  
Cattle-keeping and warfare are the tasks 
of the junior sets, while government is 
the prerogative of the senior sets. 

The third principle of kinship, accord
ing to Radcliffe-Brown's scheme, ac
counts for the orderly succession of the 
distinct sibling groups in time : this is the 
rule of "filiation."  Most societies, as we 
have seen, stress this rule more strongly 
than we do. Filiation is usually traced on 
strictly matrilineal or patrilineal lines. 
Occasionally the two modes are com
bined. In some African tribes the indi
vidual inherits land and political offices 
from his father, and livestock and reli
gious-cult memberships from his mother. 
The bond of common filiation forms so
cial groups that reach beyond the single 
household in time as well as space. 
These groups are often called clans. Fre
quently they are exogamous; as among 
the Ashanti and Tallensi, their members 
may not marry one another but must 
seek mates from other clans. This estab
lishes "affinal" ( in-law ) relationships be
tween clans and binds them into a still 
larger unit : the tribe. 

What happens to kinship-based socie-
ties when industry, a money econo

my and Western education impinge on 
them? Recent investigation shows an in
creaSing breakdown of both patrilineal 
and matrilineal family systems under 
such conditions. In their place bilateral 
systems similar to our own become es
tablished. The reasons are obvious. In
dustry and commerce require the indi
vidual to earn wages and to enter legal 
contracts not as a member of a family 
but on his own. Western law and edu
cation emphasize the responsibilities of 
individual citizenship and parenthood, 
as opposed to group citizenship and col
lective responsibility of kinfolk to chil
dren. In his legal and economic roles the 
individual separates from his kin group . 
The family constituted by marriage be
comes his primary concern. In Africa and 
elsewhere, as people become industrial
ized, we are witnessing processes of so
cial evolution analogous to those that 
shaped the much more limited institu
tion that we call the family. 
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BOLD 
MINDS 

E N G I N E E R S  - S C I E NTI STS 

Is  order and orga nization in  

MACROCOSM a n d  M IC ROCOSM a n  

u n d erly ing p r i n c i p l e  of the u n i verse . . •  

o r  does a fundamental  state of 

ra ndomness preva i l  in the cosmos. 

as m ight be expressed 

by the m u lt i n o m ial  

for m u l a  at left? 

TH R O U G H O UT H i STO Ry . • • • • • •  

B O L D  M I N D S have sought to understand 

the forces at work i n  the universe, and as they devel

oped w o r k i n g  h y p o t h e s es,  e n d ea v o r e d  t o  t u r n  a l l  

knowledge to t h e i r  o w n  purposes, devi s i n g  philosophi

cal  and mechanical systems of their  own.  

of a "flat" world has changed to an oblate orbiting 
spheroid - mere speck i n  a vast and expanding uni
verse ; so "empty" formless space is  regarded as a 

curved continuum occupied by random knots of tur
b u l e n c e  ( c r e a t i n g  the new branch of mechan ics 

hyd romagnetics)  . 

As old hypotheses become i nadequate or unten

able, thinking men devise new ones. So the concept 

Today n ew hori zons of di scovery and surmise arise 
before the speculative mind.  
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MATHEMATICAL GAMES 
An inductive card game, and the answers 

to the "brain-teasers" in the May lssue 

by Martin Gardner 

M
ost mathematical games, from 

ticktacktoe to chess, call for de
ductive reasoning on the part of 

players. In contrast, Eleusis, a remark
able new card game invented by Hobert 
Abbott, a young New York writer, is an 
induction game. It should be of special 
interest to mathematicians and other sci
entists because of its striking analogy 
with scientific method and its exercise 
of precisely those psychological abilities 
in concept formation that seem to under
lie the "hunches" of creative thinkers. 

Eleusis is a game for three or more 
players. It makes use of the standard 
deck of playing cards. Players take turns 
at being the "dealer," who has no part 
in the actual play except to serve as a 
kind of umpire. He deals to the other 
players until one card remains. This is 
placed face-up in the center of the table 
as the first card of the "starter pile." To 
make sure that players receive equal 
hands, the dealer must remove a certain 
number of cards before dealing. For 
three players (including the dealer, who 
of course does not get a hand) he re
moves one card; for four players, no 

cards; five players, three cards, and so 
on. The removed cards are set aside 
without being shown. 

After the cards are dealt and the 
"starter card" is in place, the dealer 
makes up a secret rule that determines 
what cards can be played on the starter 
pile. It is this rule that corresponds to a 
law of science; the players may think of 
the dealer as Nature. The dealer writes 
hi� rule on a piece of paper, which he 
folds and puts aside. This is for later 
checking to make sure that the dealer 
does not upset Nature's uniformity by 
changing his rule. For each player the 
object of the game is to get rid of as 
many cards as possible. This can be done 
rapidly by any player who correctly 
guesses the secret rule. 

An example of a very simple rule is: 
"If the top card of the starter pile is red, 
play a black card. If the top card is 
black, play a red card." Beginners should 
limit themselves to extremely simple 
rules of this type, then move on to more 
complicated rules as their ability to play 
improves. One of the most ingenious 
features of Eleusis is that the method of 
scoring (to be explained later) puts 
pressure on the dealer to choose a rule 
which not everyone will guess quickly, 
but which is simple enough so that one 
player is likely to guess it ahead of the 

others and fairly early in the game. Here 
again we have a pleasant analogy. The 
basic laws of physics are difficult to de
tect, yet once they are discovered they 
usually turn out to be based on relative
ly simple equations. 

After the rule is written, the "first 
stage" of the game begins. The first play
er takes any card from his hand and 
places it face-up on the starter card. If 
the card conforms to the secret rule, the 
dealer says "Hight" and the card remains 
on the starter pile. If it violates the rule, 
the dealer says "Wrong." The player 
then takes back the card, places it face
up in front of him, and the turn passes 
to the next player on the left. Each play
er must play one card from his hand at 
each turn. His "mistake cards" are left 
face-up in front of him and spread 
slightly so that they can be clearly iden
tified. The correctly played cards which 
form the starter pile are also fanned 
along the table so that all the cards can 
be seen. A typical starter pile is shown 
in the illustration below. 

Each player tries to analyze the cards 
in the starter pile to discover the rule 
governing their sequence. He then forms 
a hypothesis that he can test by playing 
what he thinks is a correct card, or by 
playing a card he suspects will be re
jected. The first stage of the game ends 
when all the cards in the players' hands 
have been played. 

The dealer's score is now figured. It is 
based on how far the leading player (the 
person with the fewest mistake cards) is 
ahead of the others. If there are two 
players (not counting the dealer), the 
dealer's score is the number of cards in 
the leading player's mistake pile sub
tracted from the number of cards in the 
other player's pile. For three players, 
multiply the leading player's mistake 

A typical :'starter pile" for the game of Eleusis. What is the secret rule that determines the order of the cards? 
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Report from IBM Yorktown Research Center, New York 

ORGANIZING A MAXIMAL-SPEED COMPUTER 

In designing a computer suitable for extremely high infor
mation-processing rates, it becomes necessary to re-examine 
basic concepts of machine organization in the light of new 
devices, new programming techniques and new applications. 
This study is being conducted by a machine organization 
group at the IBM Yorktown Research Center. 

Investigations into the principles of computers are lead
ing to the design of a completely super conducting machine. 
Its computing speed and capacity will be so high that the 
finite velocity of propagation of elech'omagnetic signals be
comes the limiting speed factor. Therefore, the design must 
not only provide for the unique properties of superconduc
tors but must minimize the effects of information transmis
sion delays. This will be accomplished by a machine organi-

zation which causes information to be confined in packets 
as it is processed through the machine, and by the use of 
miniature circuits. In addition, the machine will provide the 
facility for simultaneous or parallel calculations of different 
parts of a problem. Furthermore, whereas most machines have 
been synchronous (in that information flow is controlled by 
traffic signals operated by a common clock), methods of com
pletely asynchronous operation are now being investigated. 

A machine such as this superconductor computer may 
well lead to important theoretical advances in many scien
tific fields. This study is part of a broad research program 
in computer organization extending the mathematical theo
ries of computers and their application to information proc
essing systems of all kinds. 

RCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept. 659F, 590 Madison Avenue, New York 22, New York 
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For the first time, kilocurie quantities of 
long - lived radioactive fission products 
are available for your development 
work. The new Fission Products Pilot 
Plant at Oak Ridge National Labora
tory makes it possible to distribute 
these isotopes at greatly-reduced prices: 

• Cerium-144 
• Cesium-137 
• Promethium-147 
• Strontium-90 
• Technetium-99 

As the nation's principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in
formation concerning compounds for 
source fabrication. Oxides, fluorides, 
chlorides, and plate sources are avail
able. Whatever your needs, we are 
ready to help you. Write to : Isotopes 
Division, Oak Ridge National Labora
tory, P.O. BoxX, Oak Ridge, Tennessee. 
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cards by two, then subtract from the 
total of mistake cards belonging to the 
other players. For four players, multiply 
by three and do the same. For five play
ers, the multiplier is four; for six the mul
tiplier is five, and so on. The suits and 
values of cards do not enter into the 
scoring. 

For example, suppose there are three 
players and the dealer. The mistake 
cards number 10, five and three. Twice 
three is six, which is taken from 15 to 
give the dealer a score of 9. This is re
corded and the game goes into its second 
and final stage, during which the mistake 
cards are played. 

The mistake cards remain fanned 
face-up on the table in front of each 
player, but a player may rearrange his 
cards if he wishes. Plays are made in 
turn as before, each player taking any 
card and putting it on the starter pile. 
The dealer tells him if it is right or 
wrong. If it is wrong, he replaces the 
card among his mistake cards. 

The second stage ends when one 
player gets rid of all his cards, or when 
the dealer sees that it is impossible for 
more cards to be accepted on the starter 
pile. The slip of paper is now opened 
and the rule read. This corresponds in a 
sense to the mathematician's final de
ductive proof of a theorem that was first 
suggested to him by an inductive guess 
based on a set of particular observations. 
Other scientists are of course denied this 
final verification and must rest content 
with establishing their hypotheses to a 
high degree of probability. If the scien
tist accepts the pragmatiC epistemology 
of, say, William James and John Dewey, 
he will not believe in the existence of 
the folded sheet of paper. The success
ful operation of his hypothesis will be 
the only meaning of its "truth." Or he 
may agree with Bertrand Russell and 
others that the truth of his theory is its 
correspondence with an external struc
ture, even though he has no way of 
seizing the structure and unfolding it. 

Players are now scored in a manner 
similar to the way in which the dealer 
was scored. Each takes the number of 
cards he holds, multiplies by the number 
of players exclusive of himself and the 
dealer, then subtracts the product from 
the total number of cards held by the 
other players. If the result is a minus 
number, he is given a score of 0. A 
bonus of 6 goes to the player who went 
out. If no one went out, it goes to the 
player with the fewest cards, and if two 
or more tie, the bonus is divided be
tween them. For example, if there are 
four players (excluding the dealer) who 
hold two, three, 10 and no cards, their 

respective scores will be 7, 3, 0 and 21. 
The deal passes to the left after each 

hand. The game continues until each 
person has been dealer twice; then the 
player with the highest score is the win
ner of the set. 

If the rule is nQt applicable until two 
cards are on the starter pile, then the 
first card played is correct no matter 
what it is. If a rule involves numbers, the 
ace is 1, the jack 11, the queen 12 and 
the king 13. If it is permissible to "turn 
the corner" (continue in cyclic fashion: 
J -Q-K-A-2-3 . . .  ), the dealer must state 
this in his rule. 

Rules should be avoided that restrict 
a player, on most of his turns, to less 
than a fifth of the cards in the deck. For 
example, the rule "Play a card with a 
value of one unit above the value of the 
top card" is not acceptable, because at 
each turn a player would be limited to 
only four cards out of the 52. 

After writing down his rule, the dealer 
may, if he wishes, give a hint of it. He 
might say: "This rule involves the two 
top cards of the starter pile," or "This 
rule involves the suits." After the play 
begins, no further hints are permitted 
unless the play is very informal. 

The following secret rules are typical, 
and are listed in order of increasing 
complexity. 

1. Alternate even and odd cards. 
2. The card played must have either 

the same suit or the same value as the 
card on top of the pile (as in the card 
game called Eights) . 

3. If the top two cards are of the same 
color, play a card from ace to 7. If they 
are of different colors, play a card from 
7 to king. 

4. If the second card from the top is 
red, play a card with a value equal to or 
higher than this card. If the second card 
is black, play a card of equal or lower 
value. 

5. Divide the value of the top card by 
four. If the remainder is one, play a 
spade; if two, play a heart; if three, play 
a diamond; if zero, play a club. 

If the players have some mathematical 
sophistication, the rules can of course be 
more advanced. The dealer, however, 
must always shrewdly estimate the skill 
of the players so that he can raise his 
score by choosing a rule that one player 
is likely to discover ahead of the others. 

It is permissible to make up rules in 
which the players themselves are in
volved. (One thinks of the physicist 
whose apparatus influences what he is 
trying to observe, or the anthropologist 
whose investigation of a culture changes 
the culture.) For example, "If your last 
name has an odd number of letters, play 
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GROW TALL 

AT LI N K 

AVIATION 

The growth of fine timber, like the devel

opment of a career, requires a stimulating 

environment. At Link's Palo Alto Research 

and Development Laboratory, engineers 

reach full professional stature because the 

atmosphere is right for unusual develop

ment and progress. 

Link-one of the world's leading pro- . 

ducers of analog computing equipment for 

diverse applications-is well-known for 

liberal benefit programs, salaries, and grad

uate-study tuition-payment programs pro

vided for members of the technical staff. 

And the environment of one of Cali

fornia's most charming communities makes 

Link's growing Palo Alto facility an ideal 

location for working and living. 

Positions at intermediate and advanced 

levels are open now at Link-Palo Alto for 

exceptional men with experience in these 

fields: 

• digital computers • analog computers 

• radar simulators • optical systems 

• electronic packaging 

• electromechanical packaging 

• automatic checkout equipment 

For a stimulating growth environment, 

look to Link for unusual opportunity. 

Contact Mr. A. C. Rutman 

Link Aviation, Inc., P. O. Box 1318 
Palo Alto, California 

A 

GENERAL 
PRECISION 

COMPANY 

LINK AVIATION, INC. A subsidiary of 
General Precision Equipment Corporation 
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NEW 

I TI 
analytical 

balance 

by Ainsworth 
Manufacturer of fine instruments since 1880. 

This new electronic instrument 

automatically prints tihe weight ... 
by simply pushing a button 

the operator obtains a permanent 

record of the weight, printed 

on a tape. 

It is convenient and fast. 

It eliminates the possibility of errors 
in reading, adding or transcription. 

It adds, subtracts, subtotals, prints 
sample numbers, etc. 

Balance and adding machine can 
also be used independently. 

Printing range: 200.0000 grams to 
000.0001 grams. 

Sensitivity: 1/10 mg. 

Write for Bulletin 159 

\'W�'11. A\II��\"'V(O)IRmIlU & §(Q)��. 1I�(c. 
2Hl LAWRENCE STREET • DENVER S COLORADO 
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a color other than the color of the top 
card; otherwise play the same color." It 
would be unfair, however, for a dealer 
not to tell the players when a rule of this 
tricky type is used. 

The complete rules for Eleusis have 
been printed by the Association of Amer
ican Playing Card Manufacturers, 420 
Lexington Avenue, New York 17, N.Y., 
and will be sent by the Association to 
any reader who sends a four-cent stamp 
to cover the cost of mailing. 

The cards in the illustration on page 
160 have been played according to a 
simple rule not mentioned in this article. 
The reader may enjoy puzzling it out be
fore it is explained next month. Note that 
the Rrst seven cards follow a pattern of 
alternate colors. This often happens in 
a game as well as in the history of sci
ence. Players have in mind a condition 
that is not really part of the rule, but 
they stick by it until an experiment 
proves that the rule is simpler than they 
suspected or that their successes were 
merely accidental. 

T
he answers to last month's problems 
and to the question of two months 

ago about the doughnut are as follows: 

1. 
The following analysis of the desert

crossing problem appeared in a recent 
issue of Eureka, a publication of mathe
matics students at the University of 
Cambridge. Five hundred miles will be 
called a "unit"; gasoline sufficient to take 
the truck 500 miles will be called a 

"load"; and a "trip" is a journey of the 
truck in either direction from one stop
ping point to the next. 

Two loads will carry the truck a maxi
mum distance of 1 and 1/3 units. This is 
done in four trips by Rrst setting up a 
cache at a spot 1/3 unit from the start. 
The truck begins with a full load, goes 
to the cache, leaves 1/3 load, returns, 
picks up another full load, arrives at the 
cache and picks up the cache's 1/3 load. 
It now has a full load, sufficient to take 
it the remaining distance to one unit. 

Three loads will carry the truck 1 and 
1/3 plus 1/5 units in a total of nine 
trips. The Rrst cache is 1/5 unit from 
the start. Three trips put 6/5 loads in 
the cache. The truck returns, picks up 
the remaining full load and arrives at the 
Rrst cache with 4/5 load in its tank. This, 
together with the fuel in the cache, 
makes two full loads, sufficient to carry 
the truck the remaining 1 and 1/3 units, 
as explained in the preceding paragraph. 

We are asked for the minimum 
amount of fuel required to take the truck 

800 miles. Three loads will take it 766 
and 2/3 miles (1 and 1/3 plus 1/5 
units), so we need a third cache at a 

distance of 33 and 1/3 miles (1/15 unit) 
from the start. In Rve trips the truck can 
build up this cache so that when the 
truck reaches the cache at the end of the 
seventh trip, the combined fuel of truck 
and cache will be three loads. As we 
have seen, this is sufficient to take the 
truck the remaining distance of 766 and 
2/3 miles. Seven trips are made between 
starting point and Rrst cache, using 7/15 
load of gasoline. The three loads of fuel 
that remain are just sufficient for the 
rest of the way, so the total amount of 
gasoline consumed will be 3 and 7/15, 
or a little more than 3.46 loads. Sixteen 
trips are required. 

Proceeding along similar lines, four 
loads will take the truck a distance of 
1 and 1/3 plus 1/5 plus 1/7 units, with 
three caches located at the boundaries 
of these distances. The sum of this in
Rnite series diverges as the number of 
loads increases; therefore the truck can 
cross a desert of any width. If the desert 
is 1,000 miles across, seven caches, 64 
trips and 7.673 loads of gasoline are re
quired. 

2. 

If Smith has two children, at least one 
of which is a boy, we have three equally 
probable cases: BB, BC, CB. In only one 
case are both children boys, so the prob
ability that Smith's other child is a boy 
is 1/3. Jones's situation is different. We 
are told that his older child is a girl, so 
there are only two equally probable 
cases: CC, CB. Therefore the probabili
ty that the other child is a girl is 1/2. 

If this were not so, we would have a 
simple method of guessing with better 
than even odds whether a flipped coin, 
covered by someone's hand, is heads or 
tails. We would simply flip our own coin. 
If it came heads we could reason: At 
least one of the two coins is heads, there
fore the probability that the concealed 
coin is tails is 2/3. This reasoning is in
correct because we know which coin is 
heads. On the other hand, if someone 
flips two coins and informs you that at 
least one came up heads (picking this 
coin at random and not on a prespeciRed 
basis of naming the shiniest coin, the 
coin on the left and so on), you can bet 
that the coin is tails and in the long run 
expect to win two out of three times. 

3. 

The key to Lord Dunsany's chess 
problem is the fact that the black queen 
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... NEWS IS HAPPEN I NG AT NORTHROP � 

Solving 
Problems of 

Manned 
Space Flight -
at Northrop 

by Welko E. Gasich 
Director of Weapon System Development 
Engineering, Norair Division of Northrop 
Corporation, Hawthorne, Calijornia 

Man in space. To put him there 

and return him safely to earth, 

no scientific breakthroughs are 

needed. It is now a problem of 

engineering. Engineers must 

solve lunar space challenges that 

include reliability, radiation, and 

human environment problems. 

Man himself must be trained for 

the environmental problems asso· 

ciated with either boost·glide or 

ballistic recovery. These are the 

areas in which the scientist and 

the engineer at Northrop are 

working today. 

The outstanding man may 

work in several product areas at 

Norair Division - aircraft, mis· 

siles, and space vehicles. 

System engineers in Norair's 

Astronautics Department work 

on close orbit systems, lunar orbit 

systems, interplanetary space sys· 

tems, and galactic space systems. 

Scientists work in various fields 

of technology associated with 

space flight. In astrodynamics, for 

example, their areas may include 

celestial mechanics and trajectory 

analysis. In astronavigation, the 

problems of inertial guidance, star 

tracking, and horizon scanning 

are paramount. In astrophysics, 

the Norair scientist employs the 

disciplines of astronomy, magnet· 

ic field physics, and aero physics. 

Space propulsion research and 

development finds applications of 

nuclear propulsion systems, ionic 

and plasma microthrust systems. 

An incalculable aid for the 

Norair technician are the facili. 

ties of the Northrop Corporation 

and Norair's own recently com· 

pleted four·million·dollar test lab· 

oratories. Norair's high.grade 

equipment will include hyperson. 

ic and shock tunnels. 

Such outstanding facilities aug· 

ment other Norair advanced de· 

sign studies for the space age. 

Current among these are the Sat· 

ellite Rendezvous Program and 

special projects that include 

space vehicles for reconnaissance 

applications-for civilian as well 

as military use. Recent projects 

for the U.S. Government - partic· 

ularly in the field of operations 

analysis - have proved measur· 

able contributions. 

Northrop constantly translates 

advanced technologies into sim· 

plified applications - creating an· 

swers to complex problems that 

assure a high degree of reliability 

at low cost. One recent example 

at the Norair Division is the 

N·156F supersonic fighter. Weigh. 

ing half as much as comparable 

U.S. fighters, it uses only half the 

fuel - to deliver equivalent per· 

formance for free·world defense. 

Current papers by Northrop 

scientists and engineers include: 

Lightweight High.Performance 

Military Aircraft-W. E. Gasich; 

Problems Associated with Inject. 

ing, Orbiting, Recovering A Man 

from Space Flight-Ralph Hakes. 

For copies of these papers 

and additional information 

about Northrop Corporation, 

write: 

NORTHROP 
CORPORATION 
Dept. K·1300·32, P.O. Box 1525 
Beverly Hills, California 
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WHEN 

FURNACE 
ATMOSPHERES 

·MUST B E 
DESERT-DRY 

GAS GENERATOR MANUFACTURERS often 
include Lectrodryers when dry, con

trolled atmospheres are required. Thus, 
metallurgical furnace operations, sintering 
of carbides and similar processes proceed 
without damage by moisture. 

Atmospheres in which research and pro
duction are carried on-whether room air 
or sealed gas chambers-can have similarly 
controlled dryness. Working with refrigera
tion and auxiliary equipment, Lectrodryers 
can automatically maintain dryness at dew

points as low as 
-llO°F. 

L e c t r o d r y e r s  
com e  to y o u  a s  
self-co n t a  i n e d  
units, ready t o  go 
to work. Lectro
dryers are long 
o n  engineering

have built-in extra capacity which always 
seems to be needed; stay on the job year 
after year with remarkably little attention. 

For help in obtaining desert-dryness for 
laboratory, pilot or production plant, tell 
us your troubles caused by unwanted 
moisture. Our engineers will suggest ways 
of solving them: Pittsburgh Lectrodryer 
Division, McGraw-Edison Company, 336 
32nd Street, Pittsburgh 30, Pennsylvania. 

Lectrod ryer® 
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is not on a black square as she must be 
at the start of a game. This means that 
the black king and queen have moved, 
and this could have happened only if 
some black pawns have moved. Pawns 
cannot move backward, so we are forced 
to conclude that the black pawns 
reached their present positions from the 
other side of the board! With this in 
mind, it is easy to discover that the 
white knight on the right has an easy 
mate at Q3 (counting from the top of 
the board, which is really white's side), 
and reaches it in three moves. Black, 
however, delays the mate one move by 
playing his knight to KB6 (counting 
from bottom of board), then to K4, 
where it blocks the mate until it is taken 
by the white queen. 

4. 

Let n be the number of steps visible 
when the escalator is not moving, and 
let a unit of time be the time it takes 
Professor Slapenarski to walk down one 
step. If he walks down the down-moving 
escalator in 50 steps, then n - 50 steps 
have gone out of sight in 50 units of 
time. It takes him 125 steps to run up 
the same escalator, taking five steps to 
every one step before. In this trip, 125 -

n steps have gone out of sight in 125/5, 
or 25, units of time. Since the escalator 
can be presumed to run at constant 
speed, we have the following linear 
equation that readily yields a value for 
11 of 100 steps: 

n - 50 125 -n 

50 25 

5. 

In long division, when two digits are 
brought down instead of one, there must 
be a zero in the quotient. This occurs 
twice, so we know at once that the quo
tient is x080x. When the divisor is multi
plied by the quotient's last digit, the 
product is a four-digit number. The quo
tient's last digit must therefore be 9, be
cause eight times the divisor is a three
digit number. 

The divisor must be less than 125 
because eight times 125 is 1,000, a four
digit number. We now can deduce that 
the quotient's first digit must be more 
than 7, for seven times a divisor less than 
125 would give a product that would 
leave more than two digits after it was 
subtracted from the first four digits in 
the dividend. This first digit cannot be 9 
(which gives a four-digit number when 

AN INVITATION 
TO JOIN ORO 

Pioneer In 

Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak
ing. It employs the services of 
mathematicians, physicists, econo
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien
tific capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com
petitive with those of industry and 
other private research organiza
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges. 
Schools are excellent. 

For lurtner information write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFICE� 

The Johns Hopkins UniverSity 
6935 ARLINGTON ROAD 

BETHESDA 14, MARVLAND 
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"If you would like to be a member 
of a select corps of Engineers, 
working for an interesting, grow
ing company .. in one of the 
country's most stimulating areas 
. . I invite you to write to Temco. 
Temco's growth is sound and 
planned, its products are diversi
fied and challenging, our facilities 
are modern. Every benefit, for you 
professionally and in good living 
for you and your family, is here. 
Below are some of the areas in 
which jobs are open now. " 

ANTENNA DEVELOPMENT 
Graduate Electronics Engineer or 
Physicist to perform analysis and de· 
sign of antenna, microwave, and pro· 
pagation systems for use in missile 
guidance and reconnaissance. Individ· 
ual will be responsible for performing 
investigations in new types and con· 
cepts of transmitting and receiving an· 
tennas for both pulsed and CW signals, 
and the adaptations of these studies 
to current use in Electronic Develop· 
ment projects. 

SENIOR FIELD SERVICE ENGINEER 
Openings exist for a graduate Elec· 
tronics Engineer with five years' ex· 
perience in radar systems develop· 
ment, to be responsible for technical 
assistance and maintenance of Temco 
hardware in the field. Recent industry 
or military electronics experience with 
any of the following types of radar 
equipment is necessary. APS·20E, 
APS-45, FPS·20, FPS·S, FPS·6, MPS· 
11. The Field Engineer will coordinate 
the operation and application of the 
equipment to field uses with the En· 
gineering Development sections. 

Write BILL G. HICKEY 
Supervisor Technical Employment 
Room 3068, P. O. Box 6191 

AIRCRAFT CORPORATlOII • DAllAS 22, TEXAS 

the divisor is multiplied by it), so it must 
be 8, making the full quotient 80809. 

The divisor must be more than 123 
because 80809 times 123 is a seven-digit 
number and our dividend has eight dig
its. The only number between 123 and 
125 is 124. We can now reconstruct the 
entire problem as follows: 

80809 
124[10020316 

992 
----

1003 
992 

6. 

1116 
1116 

Several procedures have been devised 
by which n persons can divide a cake in 
n pieces so that each is satisRed that he 
has at least l/n of the cake. The follow
ing system has the merit of leaving no 
excess bits of cake. 

Suppose there are Rve persons: A, B, 
C, D, E. A cuts off what he regards as 
1/5 of the cake and what he is content 
to keep as his share. B now has the privi
lege, if he thinks A's slice is more than 
1/5, of reducing it to what he thinks 
is 1/5 by cutting off a portion. Of course 
if he thinks it is 1/5 or less, he does not 
touch it. C, D and E in turn now have 
the same privilege. The last person to 
touch the slice keeps it as his share. 
Anyone who thinks that this person got 
less than 1/5 is naturally pleased be
cause it means, in his eyes, that more 
than 4/5 remains. The remainder of the 
cake, including any cut-off pieces, is 
now divided among the remaining four 
persons in the same manner, then among 
three. The Rnal division is made by one 
person cutting and the other choosing. 
The procedure is clearly applicable to 
any number of persons. 

7. 

The Rrst sheet is folded as follows. 
Hold it face down so that when you look 
down on it the numbered squares are in 
this position: 

2365 

1874 

Fold the right half on the left so that 
5 goes on 2, 6 on 3, 4 on 1 and 7 on 8. 
Fold the bottom half up so that 4 goes 
on 5 and 7 on 6. Now tuck 4 and 5 be
tween 6 and 3, and fold 1 and 2 under 
the packet. 

The second sheet is Rrst folded in half 
the long way, the numbers outside, and 

No.2 of a series 

Eastman 910 Adhesive 
solves another 

production bottleneck 

Universal Transistor Products Corp., 
Westbury, New York, makes a direct
reading precision radiation monitoring 
instrument, called a dosimeter. 

Assembly of the pocket instrument 
requires careful attachment of the 
sensing element, an extremely delicate 
quartz fiber, to two pips on a fine alu
minum wire. 

T his seemingly difficult operation is 
handled on a production-line basis 
with speed and simplicity by properly 
positioning the fiber, which is tempo
rarily held in a V-shaped support, and 
then cementing it to each pip with a 
drop of Eastman 910 Adhesive. 

.In less than one minute, the bond is 
formed. 

Eastman 910 Adhesive is making 
possible faster, more economical as
s�mbly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require
ments involve joining small surfaces, 
complex mechanical fasteners or heat
sensitive elements. 

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

What production or design problem 
can this unique adhesive solve for you? 

Bonds Almost Instantly 

... Without Heat, 
Pressure or Catalyst 

For a trial quantity (IIJ-ounce) send five 
dollars to Armstrong Cork Company, In
dustrial Adhesives Division, 9106 Inland 
Road, Lancaster, Pa., or to Eastman 
Chemical Products, Inc., Chemicals Divi
sion, Dept. 5-6, Kingsport, Tenn. 
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H ow to slice a doughnut into 13 pieces with only three plane cuts 

168 

held so that 4536 is uppermost. Fold 4 
on 5. The right end of the strip (squares 
6 and 7) is pushed between 1 and 4, 
then bent around the folded edge of 4 
so that 6 and 7 go between 8 and 5, and 
3 and 2 go between 1 and 4. 

8. 

To determine the value of Brown's 
check, let x stand for the dollars and y 
for the cents. The problem can now be 
expressed by the following equation: 
100y + x - 5 = 2 (lOOx + y). This 
reduces to 98y - 199x = 5, a Diophan
tine equation with an inRnite number of 
integral solutions. Only one solution, 
however, meets the problem's condition 
that the value of y be less than 100. This 
solution is: x = 31 and y = 63, making 
Brown's check $31.63. 

9. 

Regardless of how much wine IS 111 

one beaker and how much water is in 
the other, and regardless of how much 
liquid is transferred back and forth at 
each step (provided it is not all of the 
liquid in one beaker), it is impossible to 
reach a point at which the percentage of 
wine in each mixture is the same. This 
can be shown by a simple inductive ar
gument. If beaker A contains a higher 
concentration of wine than beaker B, 
then a transfer from A to B will leave A 
with the higher concentration. Similarly 
a transfer from B to A-from a weaker to 
a stronger mixture-is sure to leave B 
weaker. Since every transfer is one of 
these two cases, it follows that beaker A 
must always contain a mixture with a 
higher percentage of wine than B. The 
only way to equalize the concentrations 
is by pouring all of one beaker into the 
other. 

T
he illustration at left shows how a 
doughnut can be sliced into 13 

pieces by three plane cuts. A large num
ber of correspondents sent correct solu
tions, but a majority failed to Rnd that 
elusive 13th piece. At the time of writ
ing, the clearest diagrams showing a cor
rect manner of cutting were drawn by 
the Reverend Joseph B. Tucker, Joseph 
Raab, William Ross and Stephen Barr. 
Barr also sent a rigorous proof that 13 
was the maximum. The formula for the 
largest number of pieces that can be 
produced with n cuts seems to be: 

n3 + 3n2 + 8n 

6 
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300 

250 

In Raytheon's ''EV -GRA V" system, liquid refrigerant boils 
off the surfaces of the individual electronic components, 200 
rises as vapor, condenses on the heat exchanger, and drops 
as liquid to repeat the cycle. 

"EV-GRAV" COOLING 

IN THE DESIGN OF HIGH HEA T

DENSITY ELECTRONIC EQUIPMENT 

Performance requirements for electronic equipment in 
supersonic aircraft and missiles place particular emphasis 
on the need for more efficient heat transfer techniques. 

The use of fluorochemical refrigerants in an "evaporative- . 
gravity" cooling system is a novel method of removing heat 

150 

LI.. 
. 

from electronic components. The refrigerant boils at the 
surfaces of submerged heat-dissipating components and 100 
condenses on the surface of a heat exchanger at the top 
of the package. 

This technique has proved more efficient than free con
vection in oil dielectrics or forced convection with gas 
dielectrics. The high dielectric strength of the fluorochemi
cals permits the achievement of higher density packaging. 

Contributions such as this are typical of the Heat Transfer 
Group in Raytheon's Government Equipment Division 
• . .  assisting design engineers in developing the complex 
weapons systems of tomorrow. 500 1000 

NATURAL CONVECTION 
WITH SILICATE OIL 

EV-GRAV WITH 
FLUOROCHEMICAL 

\ 

1500 
WATTS 

PROFESSIONAL ASSOCIATION WITH A FUTURE 
Qualified engineers and physical scientists with BS or advanced degrees 
interested in systems, development, design or manufacturing engineering 
of complex electronic equipments are invited to write Donald H. Sweet, 
Government Equipment Division, Raytheon Manufacturing Company, 
Wayland, Massachusetts. 

Excellence in Electronics 

Engineering Laboratories: Wayland, Maynard, Sudbury, Mass.: Santa Barbara, Calif. 
Manufacturing Facilities: Waltham, North Dighton, Mass. 

GOVERNMENT EQUIPMENT DIVISION 

LAND 

sdi t I 

SEA AEROSPACE 

2000 
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• 

ADVANCED PROJECTS 

AT LOCKHEED 

• -Designed and built by 
Lockheed Missiles and Space Division, the first of a series of 
DISCOVERER satellite launchings was successfully placed 
in orbit on February 28. Later sateIlites in the series will 
carry live animals and their recovery attempted. Valuable 
data will be obtained on space environment and recovery 
techniques of major importance to the nation's space program. 
The DISCOVERER is an Advanced Research Projects 
Agency program under the direction of the Air Force Ballistic 
Missile Division, with Lockheed as systems manager. 

Lockheed is missfle systems manager for 
the Navy POLARIS Fleet Ballistic Missile, under the 
cognizance of the Special Projects Office of the Bureau of 
Ordnance. Submarine-launched, the POLARIS will travel 
through three mediums in a single flight: water, air and outer 
space. With three-quarters of the earth's surface being 
water, practically no target in the world is outside its range. 
The solid-propellant POLARIS was designed with the future 
in mind - an approach that the Navy states has cut nearly 
two years from the original timetable. 
� • -Developed for the Air Force, and 

currently being manufactured for the Army, the Kingfisher is 
designed to simulate enemy attacks to test the efficiency 
of our various defensive weapon systems. It is equipped with 
extensive instrumentation to register "kills" without 
itself being destroyed and can be recovered by parachute and 
landing spike to be used again. with marked savings in cost. 

-Lockheed's X-7 recoverable ramjet-engine test vehicle, 
developed for the Air Force, has established speed and 
altitude records for air-breathing vehicles and is also 
recoverable for re-use following flight. 

-The nation's first successful reentry tests were 
conducted by the Air Force with the three-stage, Lockheed 
X-I7 solid-propellant ballistic missile. The X-17 has 
pioneered many new techniques and the valuable experience 
gained from this program has facilitated development of 
other, inter-service projects, including the Navy POLARIS 
FBM. The Navy's history-making, 300-mile-high, Project 
Argus radiation explosions featured the X-I7 as the vehicle. 

1I::.I.Irt..i.J.::J.:II r;;,A.LO.lI�.::..u.I-An orbiting research facility, to 
serve as an advance base for space exploration, has been 
proposed in practical detail by Lockheed's research 
and development staff. The station would carry a IO-man 
crew. Prefabricated compartments for the rim of the wheel. 
the spokes, and the three hubs would be launched 
separately by means of ballistic missiles and guided into a 

cluster on the same orbit. 

The successful completion of projects such as these requires a 

bold and imaginative approach to entirely new environments. 
Lockheed's programs reach far into the future. It is a 
rewarding future which scientists and engineers of outstanding 
talent and inquiring mind are invited to share. Write: Research 
and Development Staff, F-36, 962 W. El Camino Real, 
Sunnyvale, California. U.S. citizenship required. 

/ MISSILES AND SPACE DIVISION 

SUNNYVIILE. '111.0 I.L.,O. YAN NUYI, SANTA CRUZ, SANTA MARIA. CALIFORNIA' CAPE CANAVERAL. FLORIDA' ALAMOGORDO, NEW MEXICO' HAWAII 
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WP. Knight 
Bill Knight is a rocket chemist. His field of interest is 

research on advanced solid and liquid propellants to meet 

the stringent requirements of today's military programs 

(and tomorrow's). 

The continued success of the American missile program 

depends on men like Bill Knight. 

But creation takes talent. The kind of talent that top

notch scientists and engineers can use to the utmost on 

Aerojet's rapidly expanding programs m chemistry and 

other fields. 

There are many projects at Aerojet that intrigue the 

scientific and engineering investigator. Your resume is 

invited. The address: AEROJET-GENERAL CORP., P. O. Box 

296P, Azusa, California or P.O. Box 1947P, Sacramento, 

California. Attention: Director of Scientific and Engineer

ing Personnel. 

��RALCORP .• ----

AZUSA AND NEAR SACRAMENTO, CALIFORNIA ' A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COM PANY 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Amateurs who hanker to observe the ft decay of radioactive atoms and the 
behavior of subatomic particles of

ten start out by making themselves a 
cloud chamber of the diffusion type. A 
simple diffusion chamber can be put to
gether in less than five minutes from a 
glass jar with a screw cap, some alcohol 
of the rubbing variety and a small cake 
of dry ice. The jar is warmed, rinsed with 

How to fit a diffusion cloud-chamber 
with a magnet and other accessories 

alcohol, promptly capped and upended 
on the dry ice. In a minute or so, depend
ing on the size of the jar, a vapor trail 
about the thickness of a hair will sud
denly appear near the bottom of the 
chamber. Other trails will then follow 
at intervals of about 30 seconds. Most 
of the trails mark the paths of the elec
trically charged particles in cosmic radi
ation. In effect the trails magnify the 
width of the paths more than a trillion 
times. 

Although a chamber made in this way 
stages a fascinating show, it will not 
satisfy the serious amateur for long. The 
tracks are not easy to see in ordinary 
light, and old tracks spread into wisps 
of cloud that soon clutter the view. 

Worse yet, the chamber stops working 
after a few minutes because condensa
tion exhausts the alcohol vapor. To 
lengthen the operating period a pad 
saturated with alcohol may be fixed 
inside the glass top of the upended jar. 
Vapor evaporating from the pad will 
keep the chamber going for an hour or 
more. 

The tracks show up best when they 
are viewed in bright light and against 
a black background. A 35-millimeter 
slide-projector may be drafted as the 
light source; an effective background is 
provided by a scrap of black velvet fitted 
to the inside of the jar's screw cap. Old 
tracks can be cleared from the chamber 
by mounting a loop of wire just below 

An amateur's photograph of the circular track of an electron in a magnetic /ield of 800 gauss 
. ) . "  

173 
© 1959 SCIENTIFIC AMERICAN, INC



spring wire 
supports 
blotter soa�ed 
with tnethyl 

alcohol 

blae-k 
velvet 

radioactive 
pinhead 

cake of dry 
ice wrapped 

in a towel 

A diffusion cloud·chamber made with a glass jar 

6"round gl3ss 
observing windo\'V 

hedvy felt 
sOd-ked with 

methyl alcohol 

false bottom fjlled 
with d slurry of 

dry j ce aod alcohol 
��::::.,\=� 

�nd resin /llIV""�� 

A diffusion cloud·chamber adapted for use with (l magnetic field 
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the glass top and connecting it to the 
metal bottom through a voltage supply ; 
when the voltage is turned on momen
tarily, the tracks disappear. 

Other accessories may include a cam
era for photographing the tracks, mirrors 
set at angles to display the tracks in 
three dimensions, windows of flat glass 
to minimize optical distortion, and so on. 
The succession of improvements follow 
one another in such easy steps that a 
novice can find himself immersed in a 
full-blown hobby almost before he 
senses his involvement. 

That is what happened to G�reth D. 
Shaw, a field engineer on duty in the 
Far East for the Bendix Aviation Corpo
ration. His chamber is equipped with a 
full line of accessories for viewing and 
photographing tracks, plus other auxilia
ries that enable him to identify particles 
and to determine their mass, charge, en
ergy and velocity. 

"All cloud chambers," writes Shaw, 
"are based on the fact that ions are cre
ated when charged particles move 
through a gas at high speed. Close en
counters between the particle and an 
atom in its path dislodge an electron 
from the atom. The process forms two 
ions: the electron itself and the atom, 
now positive because it has lost a unit 
of negative charge. Either ion can dis
turb the delicate balance of electrical 
forces in a neighboring molecule of alco
hol in the vapor state. On close approach 
to an ion the molecule acquires on the 
side faCing the ion a charge that is oppo
site in sign to the charge of the ion. In 
consequence the molecule and the ion 
are mutually attracted. Other molecules 
in the vicinity react similarly. The ion 
thus acts as a center of condensation. 
When the temperature of the gas is be
low the dew point of the vapor, a drop
let of alcohol quickly forms. A speeding 
particle leaves thousands of ions in its 
wake; the resulting droplets comprise 
the vapor trail. 

"Two basic types of cloud chamber 
have been invented. They differ chiefly 
in the method used for cooling the gas 
below the dew point of the vapor. The 
first type, known as the expansion cham
ber, takes the form of a cylinder 
equipped with a close-fitting piston. 
When the piston is pulled down, the gas 
expands and its temperature drops. In 
the second type, the diffusion chamber, 
the gas is cooled by a refrigerant. When 
alcohol is used as the condensing vapor, 
a difference in temperature on the order 
of 150 degrees Fahrenheit is maintained 
between the top and bottom of the 
chamber. Alcohol evaporated near the 
top diffuses down through the air (or 
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Energy conversion is our business 

Earth's attraction for a. 
lightning bolt? 

+ or-, which is up? 

A resonant phenomenon? 

A singularity in a field? 

What is the nuclear "glue" 
for like charges? 

A better comprehension of charge 
is important to Allison because 

energy conversion is our business 
and charge is one keystone for this 
con version work. Thus we have a 
deep and continuing interest in elec
trons, protons, positrons, neutrons, 
neutrinos-charge in all its forms. 

In its investigations, Allison calls 
upon the capabilities within General 
Motors Corporation and i ts Divisions, 
as well as the specialized talents 
of other individua!s and organ
izations. By applying this systems 
engineering c o ncept to new re
search projects, we increase the effec
tiveness with which we accomplish 
our mission-exploring the needs 
of advanced propulsion and weap
ons systems. 

If you have advanced academic 
recognition and appropriate experi
ence in the field of science and 
research, we would like to hear from 

you. Write R. C. Smith, Salaried 
Personnel, Dept. E-l. 

Division of General Motors, 
Indianapolis, Indiana 
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NEW 
PRECllSITON 

for your films 

NEW 
EI c) L. E:::>e 

H-16 REFLEX! 

New Variable Shutter Adds 
Exposure Control to 16mm Movies 

CONTROL EXPOSURE more precisely 
than ever before-cut down glare . • • 

sharpen fast-action subjects ... and wash 
out unwanted backgrounds. Makes possi
ble perfect fades and lap dissolves. 

SHOWN ON CAMERA is the REXO
FADER, a fading 
device that automat-
ically times fades for 
pre-set number of 
frames. Optional at 
$37.50. 

WITH THE BOLEX REFLEX SYSTE�I, 
you view and focus through the shooting 
lens. No parallax, no figuring distance. 

other gas) into the cold region; hence 
the name diffusion chamber. The amount 
of alcohol that can be held in the vapor 
state by a gas depends directly on the 
temperature. The cooler air near the 
bottom of the diffusion chamber has a 
lower capacity for vapor than the warm
er air at the top. Thus an unstable condi
tion arises when alcohol vapor diffuses 
into the cold region of the chamber. Any 
small body-for example, a particle of 
dust-will trigger condensation. The' 
chamber is sealed against the outside 
air, however, and all the dust in the 
chamber when it goes into operation is 
soon carried to the bottom by droplets. 
Thereafter ions constitute the most like
ly centers of condensation. 

"Dry ice also encourages condensa
tion outside the chamber. This is why it 
'smokes.' Water vapor naturally present 
in the air condenses around particles of 
suspended dust. The resulting fog can 
be a source of annoyance, particularly 
when one is attempting to photograph 
tracks. In the case of a simple chamber, 
such as the one shown in the accompa
nying illustration [top of page 174], fog 
can be minimized by covering the ex
posed surfaces of the ice with a towel. 
Chambers of more sophisticated design, 
such as one cooled by a slurry of dry ice 
and alcohol [bottom of page 174], 
should be insulated by a jacket of ma
terial like that used to cover steam pipes. 

"The experimenter is interested in the 
size and shape of the tracks because they 
provide clues to the identity of the re
sponsible particles. It is therefore im
portant to minimize convection currents 

Cdme"d 

Insures exact centering of subject in mac- upper coil 
rophotography-field scenes without a 
doubt about focus. 

OTHER H-16 REX FEATURES: gov
erned speeds from 12 to 64 fps, footage and 
frame indicators, time exposure setting, 
plus over 10 other professional extras as 
standard equipment. Priced from $400.00 
with Lytar I" F/1.S lens. Lenses shown 
are optional at extra cost. Available on 
convenient terms; write today for litera
ture and the name of your Bolex dealer. 

All prices include Federal Excise Tax where 
applicahle. 

cloud chamber 

profile 
lower 

�-------

in the chamber by filtering as much heat 
from the light beam as pOSSible. A small 
aquarium with Hat sides makes a good 
filter. Most 35-mm. slide-projectors come 
equipped with heat filters and blowers. 
A pair of projectors may be needed to 
provide enough light for making photo
graphs. Tracks show up best when 
viewed at an angle of about 130 degrees 
with respect to the light source. 

"Photographs can be made inexpen
sively with a 35-mm. camera of f /3.5 
aperture equipped with an auxiliary lens 
for close work. Lens openings range 
from f /3.5 to f /8 and shutter speeds 
from 1/10 to 1/100 second with film 
rated ASA 200. The photographs repro
duced in this article were made with 
Kodak Tri-X film and developed in 
Kodak Microdol, a fine-grain developer. 
When the light source is relatively weak, 
a procedure known as 'pushing the film' 
is possible with this developer. The 
speed of the film is doubled by doubling 
the time in which the film is kept in the 
developer. 

"Once the technique of operating the 
chamber has been mastered, the experi
menter should consider adding a mag
netic field to it. A chamber without a 
field is like a yardstick without inch 
marks-interesting but not very useful. 
When a charged particle moves' at right 
angles to the direction of a magnetic 
field, it is acted upon by a force at right 
angles to both its direction and that of 
the field. If the field extends in the ver
tical direction, for example, and the 
particle moves from east to west, the 
particle is accelerated in the north-south 

PAILLARD Incorporated 
100 Sixth Avenue, New York 13, N.Y. An electromagnet for a diffusion cloud·chamber 
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The path of an electron in a uniform field 

direction. As a consequence a particle 
that enters a uniform field follows a cil:
cular path [see illustration above]. The 
radius and direction of the path depend 
on the sign and magnitude of the charge 
on the particle, on the mass and velocity 
of the particle and on the strength and 
direction of the field. 

"A suitable electromagnet can be con
structed inexpensively from scrap steel, 
available in most communities from local 
industries or scrap dealers. My magnet 
consisted of two pole-pieces and a yoke 
made of a pair of plates separated by two 
rectangular members [see illustration on 
opposite page]. The pole-pieces were 
approximately five inches long. The up
per one was machined to a diameter of 
nine inches and the lower one to a diame
ter of seven inches. Both were made of 
soft-steel shafting. In the upper pole
piece was machined a conical hole, 
which tapered from two inches at the 
top to five inches at the bottom. The hole 
provides a clear path for viewing and 
photographing the tracks. The lower 
pole-face was shaped to produce a uni
form distribution of magnetic flux 
through the sensitive region of the cham
ber. The face of this piece is in the form 
of a shallow, curved cone. The inner 
edge of the upper pole-face coincides 
with the center of curvature of the lower 
pole-face. The radius of curvature in the 
case of my magnet is four inches ['r' in 
the illustration]. The pole-pieces are 
welded to the pair of soft-steel plates, 
each 3/8 inch thick, 10 inches wide and 
18 inches long. The plates are welded in 
turn to the spacing members, also made 
of soft steel; each member is Bf inch 
thick, two inches wide and 14 inches 
long. The spacers provide an air gap of 
four inches between the pole-faces. 

"Each of the two coils for energizing 
the magnet consists of 1,000 turns of 
No. 14 enameled copper magnet-wire, 
wound on wooden forms and wrapped 
with insulating tape. The coils require 

Same model with 
Dyn·Q·Matic Electric Drive 
only $1 0995 �'a�'

t�ord 

Compact, vibration·free Dyn· 
O·Matic drive assures smooth. 
effortless tracking. Self·act· 
ing clutch engages and dis· 
engages automatically as you 
seek different objects. Syn· 
chronous 110/120 60 cycle 
motor. Unit fully enclosed. 

Drive may be ordered sepa· 
rately for installation on any 
previous Dynascope. 

ROUND TRIP TO 
OUTER SPACE! 

Travel "first class" with close-up views 
and thrills that only a truly 

professional telescope can give you. 

You'll have a front-row seat for thousands of brilliant nightly performances 
with this powerful advance designed Dynascope reflector. Its parabolic 
mirror and achromatic optics are incredibly precise, assuring perfect 
resolution and definition of all obiects viewed. And you'll thrill at the 
ease with which you'll locate and hold objects because of the whisper 
smooth movements of the equatorial mount. Scores of experts attest to 
the superiority of these famous telescopes. Used by colleges, universities, 
clubs, and thousands of amateurs and professionals. Completely portable. 

Discover an entirely new experience in magnified viewing, order today 
under our full-protection guarantee. You must be thrilled in every way with 
its performance and construction or your money refunded. Or write for 
details of our liberal Easy Payment Plan. 

Includes All These Professional Features: 
EXQUISITE 4·INCH PARABOLIC PYREX MIRROR accurate to 1/8 wave. For 

famed Dynascope optical superiority . •  TRUE EQUATORIAL AND ALTAZIMUTH 
HEAVY·DUTY MOUNT with complete friction adjustments for any latitude. 
declination and ascension. Rugged cast·iron construction. Weighs over 12 Ibs. 
• ROTATING RINGS - Saddle has felt·lined rotating rings that permit tube to 
be quickly positioned for accessories or to bring eyepiece into more com· 
fortable viewing position . •  3 STANDARD 1'14" EYEPIECES: 18·mm Huygens. 
g·mm Achromatic Ramsden, 7·mm Achromatic Ramsden for 65X. 130X and 
167X . •  4X ACHROMATIC CROSSHAIR FINDERSCOPE: Crosshair. usually found 
only in' much more expensive scopes, assures greater accuracy. easier spot· 
ting. Coated achromatic lenses. Screw·type micrometer focus. Extra large 
field of view. Double·posted bracket with collimation adjustments . •  RACK 
AND PINION DOUBLE·DRAW EYEPIECE Holder for easy. exact adjustments. 
Accommodates any eyepiece. negative or positive . •  PROFESSIONAL·TYPE 
STEEL TRIPOD with fast·fold legs for easy portability. Designed to solve all 
stability problems. The result of hundreds of field tests and consultation 
with many authorities. Steadier support eliminates vibration. No canting. 
wobble or sideplay. Special position locks, prevent collapse. Completely 
portable. Sets up· instantly on uneven terrain. Folds up quickly. without 
disassembly. for full portability. 

CRITERION Manufacturing Co., Dept. DSA·l0, 331 Church St., Hartford, Conn. 

HAPPINESS ACCORDING 
TO THE ·GREEKS ... 

"The f[xercise 0/ vital powers alonr lines 0/ excellence, 
in a life affording them scope." 

There are currently opportunities 

for electrical, mechanical, nuclear 

and optical engineers, as well as 

for physicists with experience in 
optical and microwave spectro· 

scopy and in gas discharge pro' 

cesses, in the following areas: 

• Atomic Frequency Standards 

• Light Weight Doppler Radar 
• Nuclear Reactor Design 

and Theory 

Stimulated Emission of 
Light Radiation 

Send resume to: 

TUfi INCORPORATED 
TECHNICAL RESEARCH GROUP 
2 AERIAL WAY, SYOSSET, N. Y. 

A 66-inch Slide-rule 
for your pocket 

S l i de Rule Open 

The GARFIELD Calculator 
carries 66-inch spiral scales 
yet measures only ten inches 
fully extended and six inches 
when closed. Four to five fig
ure accuracy can be rel i e d  
o n .  It i s  indispensable to the 
scientist., research worker and 
student. Adm i n i s trative staff 
and business men will find it 
of tremendous value for a 
host of estimating and check
ing calculations. 

The GARFIELD Slide Rule 
solves multiplication, division, 
p e r c e n t a g e  c a l c u l a t.ion a n d  
gives 5 vlace logarithms. 

You may use it for 30 days and if you 

are not satisfied repack and mail it back. 

What our users say: 
" I t  does a l l  you c laim-four 
o r  five figure accuracy with· 
out eyestrain or magnifiers .  
Half a n  hour's study is ample 
for its use." A.E.B . . . .  

"I use the Calculator for all 
my slide rule work and need 
the extra d i g i t  w h i c h  normal 
s l ide rules cannot g i ve. I had 
to get one of m y  customers a 
GARFIELD Slide Rule last 
month, after using mine in his 
office." E. & G.H. 'Textile 
Manufacturers. S l i d e  Rule C l osed 

Send for yours now-Only $19.95 postpaid. 

Oliver Garfield Co., Inc., Dept. SA-69 
108 E. 16th St .• New York 3. N. Y. 
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ENGINEERS 
and 

SCIENTISTS 
at Convair·Astronautics pursue 
space projects at a most advanced 
state of the art, requiring the high· 
est degree of professional skill. 
Keystone of these many programs 
is the mighty 

ATLAS ICBM 
this young missile age, Atlas 

already lists many unique achieve· 
ments. A proven weapon, it is our 
only large, tested booster and the 
only known vehicle to steer itself 
into orbit. It will lift the first 
manned capsule into space, and 
most exploration programs of the 
future include Atlas in their 
planning. 

PROJECT 
CENTAUR 

... design, construction and test
ing of a high energy, upper stage 
rocket ... is the newest Convair
Astronautics program released. 
Boosted by Atlas, Centaur will be 
able to place in orbit a satellite 
w e i g h i n g  s e v e r a l  t h o u s a n d  
pounds. 

Positions are available now in 
design (electrical, electronic; 
mechanical, structural), systems 
design & analysis, propulsion, test 
laboratories, field test, engineer
ing writing, computer program
ming, research engineering, and 
other specialties. 

INTERVIEWS 
are regularly conducted through· 
out the U.S. by our engineering 
representatives. So that advance 
interview arrangements may be 
made, please send your resume at 
once to Mr. G. N. McMillan, Engi. 
neering Personnel Administrator, 
Dept. 130·90 

CONVAIR 
ASTRONAUTICS 

Convair Division of 

GENERAL 
DYNAMICS 
5536 Kearny Vi 110 Rood, 
San Diego, California 

some 60 pounds of wire. The forms were 
made approximately 1/16 inch larger 
than the pole-pieces so that the coils 
could be slipped over the poles easily 
during assembly. The lower coil rests 
on the yoke plate and requires no fasten
ing. The upper one is supported by an 
aluminum ring bolted to the upper pole. 
The magnet is energized by a six-ampere 
direct current at 100 volts, and is de
signed for a maximum duty-cycle of 15 
minutes. Extended operation at six 
amperes results in overheating. The 
magnet produces a field strength of 
1,000 gauss in the sensitive region of the 
chamber. Motor-generators of the type 
used for arc welding are suitable for 
powering the unit and can occasionally 
be picked up on the surplus market for 
a few dollars. An inexpensive power sup
ply can also be assembled from surplus 
rectifier-units of the silicon-disk type. 

"The coils must be interconnected so 
that the current flows in the same direc
tion through each. When they are prop
erly connected, the north end of a mag
netic-compass needle will point to one 
pole-face and the south end to the other. 
A resistor of 1,000 ohms rated at 20 
watts should be connected across the in
put terminals of the coils to dissipate the 
energy generated by the collapse of the 
magnetic field when the magnet is 
turned off. Without this resistor serious 
arcing will occur at the switch contacts. 
If a voltmeter or other instrument is con
nected across the coils, it should be re
moved before turning off the magnet; 
otherwise the sharp rise in voltage that 
accompanies the collapse of the field will 
damage the meter. 

"When the magnet is ready for opera
tion, the field strength must be meas
ured in the region to be occupied by the 
sensitive part of the chamber. The cur
rent through the coils is adjusted as ac
curately as possible to six amperes and 
a note is made of the voltage at this 
value of current. The field is then meas-
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ured (in gauss) with a fluxmeter. This 
measurement is made only once, so a 
fluxmeter may be borrowed from a local 
electric-power firm or the physics Jabora
tOl'y of a nearby school. If desired, the 
magnet may be calibrated for a series of 
current values. 

"The experimenter will be well repaid 
in terms of convenience for care taken 
in constructing the chamber. One good 
design, which is made principally of 
sheet metal, provides two compartments. 
The lower one holds the refrigerant (a 
slurry of crushed dry ice mixed with al
cohol), and also serves as the base for 
the upper compartment [see illustration 
on page 174]. Sheet steel may be used, 
but copper is recommended at least for 
the surface between tile compartments 
because of its effectiveness as a conduc
tor of heat. The upper chamber is closed 
by a lid that consists of an assembly of 
concentric rings and a disk of clear glass. 
The ring assembly supports the glass and 
includes an insulated ring of copper that 
serves as one electrode for applying an 
electric field across the chamber to clear 
it of old tracks. The ring assembly also 
incorporates a felt pad from which alco
hol evaporates when the chamber is in 
operation. As an alternative scheme the 
wall of the chamber may be lined with 
a strip of blotting paper arranged so that 
its lower edge rests in the pool of alco
hol at the bottom of the chamber. Fluid 
is drawn through the paper by capillary 
attraction, evaporates, condenses and re
turns to the pool for recirculation. The 
chamber may be supported within the 
magnet on a flat platform of nonmag
netic sheet metal (such as aluminum) 
attached to the lower pole. A bracket to 
support the camera in line with the 
opening should also be provided. 

"To prepare the chamber for opera
tion, crush enough dry ice into pea-sized 
lumps to fill the lower container. Do not 
handle the ice with your bare hands-a 
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Telescope, always so eSRentlal. is also included. Sturdy, hanl
wood. portable tI'ipod. 

Photographers! This is an ectual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year·old student. 

Free with scope: Valuable 5TAR CHART 
and 272 page "Astronomy BOOk," 

Stock No. 85.050·5 .................................... $29.95 Postpaid 

4'/4" REFLECTING TELESCOPE! Up to 270X! 

New Hand Spectroscope 

With this scope l'OU can see evcrything as 
above but with greater power pillS will 
split tiner stars. )lirror has twice tho 
light gathering power. Slirror guaranteed 
to give theoretical limit. of resolution. 
Rack and pinion focusing, hardwood trio 
pod, real eQ.uatorial mounting-only one 

adjustment follows stars! Aluminum tube. G power finder telescope. 2 standard size 
erel)ieccs and mounted Harlow lens �i\'e 
you powers of 40X, 90X, 120X, and 
27flX. Low-cost accessory eyepiece a\'ail
able for higher powers. Free handbook alld 
Chart. Shipping wcight 25 llJs. 

Xe\'er before such low price. Fo)' the 
ft I'st time-employs replica grating on 
ftlm-13,400 lin es per inch. Mounted 

'ill aluminum tube 4%" long, 1,6" dia. 
Demonstrates spettl"um ; use t o  che('k 
1i�llt tilters. Stock No. 85.006·S ...... ....................................... $74.50 f.o.b. 

Same Telescope as above but equiPped with Electric Clock DI'ive
Stock No, 85.094.5.... .. .... $111.50 F,O.B, Barrington, N, J. Stock No. 30.280·S .... $2.50 postpaid 

S T A TI C ELE CT RICIT Y 
� G E NE R A T OR 

Sturdy, Improved Model! 
See a thl'iIling spark Jispla.r as you 
set ofT a miniature holt or light· 
ning. Absolutely safe and harmless. 
Sturdily made-it stands 14" hi�ll. 
'l'urn the handle und twO V" plastic 
discs rotate in opposite directiuns. 
�\letal collector Ilrushe:-: pj('k UI) tile 
static electricity, l'tore it in the 
Leyden jar type condenser until dis
charged by the jumping �park. 
Countless tricks and cXI)eriments. 
24 page instruction booklet inclUded . 

................... $12.95 Postpaid 

WAR SURPLUS BARGAINS! 

AERIAL CAMERA LENSES 
Big varlely ... at a fraction 

of Government cost I 
f 6. �4'" f.1. with shutter, diaphragm 
and lens cone--used. Wf'ight :!5 lbs. 

Stock No. 85.059-S .. $39.50 F .O.B. Utah 

::;ame al' abo\·e, hut new. Weight �;) Ills. 
Stuck No. 85.060·S .......... $59.50 F .O.B. Utah 

f �, 411" f.1. no lHOllnt or shutter. ,,"cight I.i % llJ�, 
Stock No. 70.186-S . ....... $49.50 Postpaid 

f 5.G, :W" [,1. telephoto with shutter and diaphragm. 
\\'eight 6% Ills. 
Stock No. 70.187·S ............... $65.00 Postl)aid 

f ·L5. Ii 78" f.l. with shutter and dial)hragm. Weight 
1 111., G oz�. 
Stock No. 70, 189·S, . . ..... $24.50 Postpaid 

M A KE YOUR OWN P OWER F UL 

ASTRONOMICAL TELESCOPE 
GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits conta in mirror blanl\:, tool,  abrasives, diag
onal mirror a nd eyepiece lenses. You build instru
ments ranging in value from $75.00 to thou::iftllds 
of doll a rs. 
Stock No. 

70.003·5 
70.004·5 
70.005·5 
70.006·5 
70.007-5 

Dia. Mirror Thickness Price 
4'/4' ,t." $ 7.50 postpaid 
6" I" 11.95 postpaid 
8" Pl." 19.50 postpaid 

10" Pt." 30.75 postpaid 12" 2'/," 54.75 postpaid S!� BU ILD A S OLA R 
: EN E R GY FU R NA CE 

. A Fascinating Science Project! 

A tremendous new field. You call build 
your own Solar Furnace for experi· 
mentation-many practical uses. It's ' I I easy - inexpensiv(} - use your scrap , 
wood. We furnish instruction booklet. 
This sun powered furnace will gencrale 
tel'rific heat 20000 to 30000• Fuses 
enamel to metal-produces Illany un· 

usual fusing cffects. Sets papel" aflame in f;econds. Use 
Qur l;'re�nel Lens-14%." diameter . r.l. 14", 

Stock No. 70.130·S package of 1.. .. $ 6.00 Pstpd. 
Stock No. 70. 131·S package of 2.... 11.00 Pstpd. 

8 POWER ELBOW.TElESCOPE-WAR SURPLUS 
Terrific Bargain! $200 Gov·t Cost-Only $13.50 

Big 2" objeclive, focusing eye
I}icce 2Smm fo('a l lengtll
Amici crc('ting s.nnem-tul'1'et 
mounted filters, dear, red, 
amher a nd nelltral-ret ide il
lumination. Spa riding, dear, 
bright image-Go field (32G ft. 
a t  1,000 yds.). Fo('us adjusts 
1:.1 ft. 10 infinity. t8mm F.L. eyepiece alone is 
worth more than $lt.,jO. 
Stock No. 70.173·S ................. _.S13.50 Postpaid 

WAR SURPLUS AMERICAN-MADE 
7X50 Binoculars 

Big s<l\'ings! Brand new! Crys
t a l  dear viewing-7 power. 
EYer.\' optital clemcnt is {'oa ted. 
An excdlent night glass-tt.e 
s ize rc<..:olltmelldec. for satellite 
Yiewing. Individu&.l eye focus. 
Exit pupil 71llnt. Approx. field 

a t  1,000 yds. is 376 ft. Carrying- ('ase induded. 
.Ameriean 7 x 50's normally cost $195. Our war 
surplus 111'i<'c Sil.\'es you real money. 

Stock No. 1533·S ...................... only $55.00 pstpd. 
(Tax included) 

RE PLICA GRATING-Low, Low Cost 
Toke Unusual Color Photos At Night! 

It's here-after decades of effort. Replica 
Grating--on fillll-al rcry low price. 
Breaks up white IighL into full spectrum 
colors. An exr-iting display. J3,400 lines 
per inch. Diffraction Grathlg has been 
used to answer more Questions about the 
structurc or the material world and the 
universe than any other single device. 

Use it for making spectroscopes, for experiments, as a 
fascinating norelty. First timc a\'ailable such large size
so eheapi:r-comcs in clear plastic protector. 

Stock No. 50.202·S-inl 'iudes 2 pcs. 8" x 51,6"-1 
transmiSsion type, 1 reflecting type, 52.00 pstpd. 

WRITE 
FOR FREE CATALOG·S 

1 00 Pages! Over 1 000 Bargains! Optics 
for the Space Era! Huge selection of lenses. 
prisms, war surplus optical in
struments, parts and acces
sories. Telescopes, Micro
scopes. Satellite Scopes. Bi· 
noculars. Infrared Sniper. 
scopes, science experi
ment items. etc. Request 
Catal S. 
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Easi ly Solved on the 

B I N ARY C I RCULAR SLIDE RULE 
Tn Arithmetic.  Algebra and Trigonometry. A n y  number 
of factors can be handled i n  long and difficult calcula
tions. The ' l e "  scale of the BIN AnY rule is  2 5  inches 
long. with graduations 2 5 % further apart than those 
of a 2 0 - inch slide rule. The Cl. A, K and Log scales 
arc dirlded as closely as a 2 0 "  straight rule. '1'l1e Log
Log scale extends from 1 . 0 0 1 5  t o  ] , 0 0 0 , 0 0 0 .  Gh'es trig 
functions from 0 to 90 degrees on back. with indicator 
reading . Engine dh'lded scales i n  black, ol'crlaid with 
.rellow, on alternate scales Oil white coated aluminum. 
Perrnanently accurate. Dia. 8 % inches. Price-$ l 0.2 5 
In case. t\PI)Toved at leading Unll'. U s e d  by largest 
firms i n  U . S .  

ATLAS SL IDE  RULE-Prec:ision Made 
T h e  "Atlas" slide r u l e  soh'cs problems i n  1\IultipHca
tion. Division and Proportion. Gh'es results with a 
maximum error of less  than 1 in 3 5 . 0 0 0 .  Has two " C "  
scal e s .  O n e  is  2 5 "  long a n d  t h e  other i s  a spiral o f  
2 [; coil s .  Equiral ent t o  a straight r u l e  5 0 f t .  long. 
neads answers to 5 places.  ACCl!RA'.rELY CES 
TEH.ED. Lsed i n  largest U . S .  Laboratories .  Chemists.  
Physici sts  and Engineers have found this  rule i n 
valuable f o r  i t s  great accuracy. D i a .  8 1).,! ", s a m e  COIl
struction as ' · Binary " .  Trig fUnctions from 0 to !) 0 
degrees o n  back. Prlce-$ 1 3 . 5 0  i n  case. 

M IDGET 
CIRCULAR SLIDE RULE 

�ii�:'�� � �i�,�r1on��sp?ec1�io�' ��d��d
a�ci�I�7eI�c�:�: 

�el'{:d, relilu
i
ns �c<:urate. Trig functions on back, wilh mdlcator. 3/4 m.llI lon sold. Pi'lce-$4 .  in case. 4" dia. 

Same constructIOn as above rules (no yellow). 

����;�(�������i�:;:t�li�Wi6��w�E���"t��r'Ml��.��: 

G ILS ON SLIDE RULE CO. 
Box 1 237 S A .  Stuart, F l a .  

S l i d e  R u l e  M akers s i n c e  1 9 1 5  

S P A C E 
P O W E R  

= S C I E N T I S T S 
Supervisory a n d  specialist pOSitions 
cU1'l'ently available a t  the Flight Pro
pulsion Laboratory D ept.  of General 
Elect ric exist for men with advanced 
degrees a n d  a bilities oriented toward 

- demons t r a t ing the feasibility of pla sma 
0;; acceleration and ion propulsion, in 

terms of hardware development. 
" 

Specific experience a re a s  should in
clude one or more of the following
magnetogasdynamics, electromagnetic 
accelerators, electrostatic accelera 
tion' plasma generation, plasma h e a t  
transfer and fl o w ,  ultra-high v a cuum, 
surface ionization, h igh temperature 
thel'lllodsna mics, high temperature 
nozzles. 

At your request, w e  should b e  happy 
to for'ward a reprint of a paper on the 
subject of ion p ropulsion by Mr. Ed
wards and D r .  Hoschouch of the J.Jabo-

0;;: ratol':'- s t a ff .  Presented a t  a recent 
=< A.S .M . E . meeting,  the paper describes 
=:;; FPLD's ion rocket research model.  

� Please direct your inquiry 

in confidence to Dr. Mark Peters, 

Bldg. 100, Dept. 5 9·MF 

FL IGHT  PROPULS I O N  O I V I S I O N  

� G E N E R A L  fJ E L E C T R I C  
Cincinnati 1 5 ,  Ohio 
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Va[Jor trail ( lower right ) of an al[Jha [Jarticle 

frozen finger is quite as painful as a 
burned one. Alcohol is next added slow
ly to the ice. Violent bubbling may occur 
until the temperature of the container 
drops close to that of the ice. Additional 
ice may be added from time to time as 
required. Next saturate the pad with al
cohol and pour about a tablespoonful of 
alcohol into the chamber. Place the as
sembly in the magnet and apply power 
to the coils. 

"Some of the trails in the chamber 
will now be curved. If the upper pole of 
the magnet attracts the north end of a 
magnetic-compass needle (which indi
cates that the direction of the magnetic 
flux is from the lower to the upper pole) , 
electrons will follow a counterclockwise 
path. Relatively light particles of low 
energy that carry a positive charge will 
curve clockwise. The direction in which 
some particles move can be determined 
by inspection. Energy expended in the 
creation of ions during flight causes the 
particle to lose speed; more time is thus 
available for the transfer of energy near 
the end of flight. The heavier ionization 
is seen as a thickening of the track. The 
direction of flight is known, of course, 
when particles originate in a radioactive 
material deliberately placed in the 
chamber. The identity of some particles 
can also be determined by inspection. 
Alpha rays make relatively short, thick 
tracks; electrons and protons, thin ones. 
Mesons are usually so energetic that 
their Bight is not perceptibly affected by 
a field of 1,000 gauss. Consequently 
their tracks appear thin and straight. 

"It is interesting to analyze photo
graphs of tracks and to calculate the 

speed, mass and energy of the responsi
ble particles. The accompanying photo
graph [page 173J , for example, shows 
the circular path of an electron ejected 
from a short stub of wire coated with 
radioactive material . Before the photo
graph was made, the current of the mag
net was adjusted to generate a field 
strength at the chamber of 800 gauss. 
The momentum of the particle, ex
pressed in units of 'magnetic rigidity,' is 
equal to the radius of its path multiplied 
by the field strength. The radius of this 
particular path is 3.09 centimeters. Thus 
the momentum of the particle is equal to 
3.09 X 800, or 2,472, gauss-centimeters. 
With this quantity known, the velocity 
of the particle can be learned by doing 
just a little more arithmetic. The quan
tity representing the magnetic rigidity is 
combined with the ratio of the electron's 
charge to its mass ( 1 .7588 X 107  elec
tromagnetic units per gram ) and the 
velocity of light ( 3  X 1010 centimeters 
per second) according to the accompa
nying formula [see page 1841 .  In this 

1 50 .Q 
s h u n t  

4- .0.  15 .:l m p  
power plug 

Circuit diagram for magnet coils 
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�"""""""" " """""""""""""""" " "" """""""" " " " " " """"" }. � �� : l � E N G I N E E R S . S C I E N T I S T S  ,. � � � � � � 
� <tOO proviJe the necessary managerial � 
� guiJance for comrnanJ action requireJ to � � insure an effective anJ technically � � . � � compati61e integrateJ air Jefense . � � � � mission system . . .  " � � � � � � � � Thi s  is one of the functions of the M ITRE Corporation. Its nucleus is a technical � � staff of scientists and engineers with established reputations in research, design, � � � � and development of large-scale, computer-based systems i nvolving communica- � � tions, radars, data processors, and weapons systems - operating in real-time. � 
� Utilizing a m ulti-discipline approach, M ITRE technical staff members � � develop these systems from design analysis through component selection or � � development, circuit design, prototype construction, and final environmental � � testing. � � � � Within this system concept, engineers and scientists find a challenging � � environment in which to pursue independent research in : � � � 
� • ADVANCED SYSTEMS ANALYSIS • ENVIRONMENTAL TESTING . � � • CIRCUIT DESIGN • INFRARED TECHNIQUES � � • COMMUNICATIONS SYSTEMS • OPERATIONS RESEARCH � � • DIGITAL COMPUTER SYSTEMS • SYSTEM DESIGN � 
� • RADAR & RADAR DATA PROCESSING SYSTEMS � � • ELECTRONIC COUNTER-COUNTERMEASURES � � � � Conveniently located in suburban Boston, M ITRE's modern research facilities � � � � include fully equipped electronics laboratories and two large-scale, high-speed � � digital computers-the IBM 704 and an experimental SAGE ANFSQ-7. These � � � � machines will soon be augmented by an IBM 7090 and a solid state SAGE � � computer. � � � 
� The urgency of the M ITRE task requires that our present staff nucleus � � � � be greatly expanded by highly qualified engineers and scientists anxious to add � � to their training and experience. � � � � � � To arrange an immediate � � confidential interview, please send resume to : � � � � Dana N. Burdette, Personnel Director � � � � THE � 

� M ITRE � � � 
� � � � � 244 Wood Street - Lexington 73,  Massachusetts . � � . � � � � � � � � l � -

. '"''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''"""""""""",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .. 
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Design and I i 
e i fie d i mensions without machin ing.  Prefabricated d i e  
c a s t  dura luminum corners and extruded duraluminum 
sect ions.  U n l i m i ted versati l i ty !  Currently used by lead
ing man ufacturers and laboratories. The answer for 
any SCientific,  commercial or  government appl ication. 

�� BRITI�lri'NiiuSTRIESPCORP. � Pari Washlngton. l. I . ,  N. Y. 

How To Get Things Done 
Better And Faster 

* G i v e s  G ra p h i c  Pictu re-Saves T i m e ,  Saves 
Money, Prevents Errors * S i m p l e  to operate-Type o r  Write on Cards, 
Snap i n  Grooves * Ideal for Prod uction,  Traffic, 
Sched u l i n g ,  Sales,  Etc. * Made of Meta l .  Com pact and 
Over 3 5 0 ,000 i n  Use 

Full price $4950 with cards 1'ffif1 24. PA G E  BOO K L ET N O. C-400 � Without Obl igat ion 

WriTe for Your Copy Today 

GRAPHIC SYSTEMS 

Beta particles penetrate a wax barrier in the diffusion chamber 

case the velocity turns out to be 2.47 X 
1010 centimeters per second. This is 
equivalent to about 153,000 miles per 
second, or 82.4 per cent of the velocity 
of light. The energy of the particle is 
found (in millions of electron volts) by 
squaring the ratio of the velocity of the 
particle to that of light and inserting the 
result in the second formula. The energy 
of the electron in this example was .394 
million electron volts . 

"An interesting property of matter can 
be observed by calculating the velocity 
and energy of a substantial number of 
electrons and plotting the result as a 
graph [see illustration at top of page 
178 J .  Note how the curve bends up 
sharply as the speed of the particle ap
proaches the velocity of light. This is in 
accord with the theory of relativity, 
which states that matter gains mass with 
velocity, and that the mass becomes in-

55 West 42nd Street . New York 36, N, y, Alpha particles ( heavy trails)  and electrons produced by X.rays leave tracks ill chamber 
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Sen d  f o r  f ree  
i l lustrated brochure 

RADIATION FUZING 
• • .  Fino' Moment 0" '_' 

G IIIUll O I LltU1t 

There are hundreds of moments of p roof in the life
span of  a missile system, but the final, and most dra
m atic, is that split-second when the radi ation fuze 
fulfills the purpose of the mission. There may be no 
time for a "second shot". 

The critical problems of high closing rates in air 
and sp ace, of ground and submarine target discrimi
nation and sensitivity, and of improved counter
measures in all areas, dem and fuzing techniques 
which will not fail the technical i ntegrity of the 
complete missile system . Such fuzes must be sub
miniaturized and ruggedized to provide absolute 
reliability and precision under re-entry and other 
extreme environmental conditions. 

The Light Military Electronics Department has ex
perience over a wide range of fuze projects such as 
mass p roduction of mortar and bomb fuzes . . . 
COBRA and CORAL fuze development . . .  a design 

study for MAULER . . .  advanced Infrared fuzes . . •  

and a dozen others.  Analytical and Development 
engineering capabilities include : 

� n CROWAVE DEVICES SCANNERS AND S E E KERS 

OPTICS AND INFRARED TECHNIQUES 

MOLECULAR AMPLIFIERS AND TECHNIQUES 

TUBE AND TRANSISTOR CIRCUITRY 

EXTREME ENVIRO NMENT PRODUCT DESIGN 

LOGIC CIRCUITRY MAGNETIC DEVICES 

SYSTEM ANALYSIS INCLUDING COUNTER-COUNTERMEASURES 

EVALUATION 

For brochure "RADIATION FUZING . . .  Final Moment of  
Proof" o r  fur"ther inform ation on any aspect  of  fuzing desi gn 
and devel opment, contact Manager - Missi le  Sales, Li ght 
Military Electronics Department . . .  Dept . l l O . 

..p ' . .  , 

G E N  E R A L . E L E C T R I C  
L I G HT M I L ITARY ELECTR O N I C S  D E PARTM E N T  

F R E N C H  R O A D ,  U T I CA ,  N EW Y O R K  

A D E P A R T M E N T  I N  T H E  D E F E N S E  E L E C T R O N I C S D I V I S I O N  
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IgutB'IS.!.i·@¢t.$i.iJ 
1£'iit,):" 'M"J'ia'B(" Wn 

This valuable 3S-page book 
is  yours for the asking! 

With a rtificial satellites already launched a n d  space 
travel o lmost a reality, astronomy has become todoy's 
fastest g rowing hobby. Exploring the skies with a tele� 
scope is a relax ing diversion for father and son ,dike. 
UNITRON's hand book contoins full-page illustrated 
a rticles on astronomy, observing, telescopes and acces
sories. It is  of interest to both beg inners and advanced 
a mateurs. 

Conlenl. inclucle-
• Observing Ihe sun, 

moon, planels and 
wonders of Ihe slty 

• Conslellation map 

• Hints for observers 

Pleas. rush 10 m., fr .. of .harg., UN ITRON's n.w Observer's 
Guide and T.,escop. Calal.g 6·  R 
Nam. _____________ _ 
Slr .. I _____________ _ 
Cily -----____ Stat. ____ _ 

1.. - - - - - - - - - ...1 

"BIG" LENSES ?el�� !��Cl���1 1!n�t�1�1�; 
the largest in the United 

States available for immediate delh'ery. Perfect magnesium 
fluoride coated and cemented achromatic telescope objecth'es. 
Aluminum tubing and cells available for lenses l i sted below. 
Send for com p l ete l i st o f  other d i am eters and focal l e n gt.hs. 

D i a. F . L . E A C H  D i a.  F . L .  E A C H 2 % "  1 0 "  $ 1 2.50 3�" 15" $ 2 1 .00 ��:: ��� " t l �:�g �iX;· �t}fo" t��:gg 2%" 40" $ 1 2.50 4 % "  42f.t $67.50 2%" 50" $ 1 2.50 5.fil" 24%" $85.00 
We can supply A L U M I N U M  T U B I N G  for t h e  above l e nses. 

MOUNTED AIR SPACED OBJECTIVES 
The finest American Made, hand- corrected 

a i r - spaced astronom ical objectives ; 
mounted in black anodized aluminum cell s .  F . L .  P R I C E  P R I C E  

��: g�:�:� 1�� :g8 ��t ��:t:� If3:88 
6" DIA. AIR S PACED 

A ST R O N O M ICAL 
TELESCO PE O BJECTIVE 

Hord 
f/ l 0-60" 

f/1 5-90" 

coated on 4 surfaces 
focal length MOUNTEO $ 1 75,00 

UNMOUNTEO $ 1 50.00 
focal  length MOUNTEO $ 1 75,00 

UNMOUNTED $ 1 50.00 
T h e  effective apcrtUl'c of t h e  above lenses is s i x  inches . 
The black anodizcd aluminum mount fits into seven 
inch dia. aluminum tubing. 

8 P OW ER ELB OW TELESCOPE 8x50 
l'his M - 1 7  telescope has a brilliant image 48 
degree apparcnt H eld-325 feet at 1.000 yards. 
'I'hc telescope can b e  adjusted for focusing 1 5  
f e e t  to infinity. It has a 2" obj ective, focus
ing eyepiece 28mm focal  length with 
Amici erecting syslem. 'l'U!Tet 
filters, clear, red, amber and 
!lousing t o  illuminate reticle for 
night - t i m e  lI Se.  'j'ruly the biggest 
bargain :you were ever offered. 
Original Government cost $200. 
B A R G A I N  P R I C E  . . . . $ 1 3.50 P O d .  

ASTR ON OMICAL TELESCOPE MIRR ORS 
Precision polished to V4 � D i a .  F . L . Postpa i d  
wave and aluminized. MIl'- 3-&" 42" $ 9.75 
1'01' mount. rack a n d  p i n - 4%,"  Pyrex 45" $ 1 3.50 
i o n ,  tubing available. 6" Pyrex 60" $25.00 

I F re e  Cata l o g u e  •• M I L  L I D  N S "  of Lenses, etc. 

We pay the POSTAG E-C . O . D . ' s  you pay postage-Sat i sfact ion  
guaranteed or money refunded if  returned w i t h i n  10 days. 

1 84 

finite at the speed of light. This means 
that the kinetic energy of a particle, 
however small it may be, must also in
crease without limit as it approaches the 
speed of light, because kinetic energy is 
the product of mass and velocity. 

"A similar graph can be drawn to 
show how the particle acquires mass 
with velocity. The mass of the electron 
at rest is known ( it is 9 . 1  X 1 0-28 
gram), and its velocity can be measured 
by means of the diffusion chamber. To 
find its mass at any velocity these values 
are inserted in Einstein's equation for 
relativistic mass [thil·d formula on this 
page] . The rest is simple arithmetic. 

"The curvature of alpha particles is 
difficult to detect with this apparatus 
because a magnetic field of 1 ,000 gauss 
exerts little influence on their relatively 
large mass ( about 8,000 times that of 
the electron). The energy of alpha par
ticles can be found by analysis of the 
tracks, however, because the length of 
the tracks depends on the rate at which 
the particles expend energy in ionizing 
atoms. Curves showing this relationship 
have been constructed from data ac
quired by observing numerous alpha
decay processes [see illustration at bot
tom of page 1 78J . To find the energy of 
an alpha particle, measure the length of 
its track in centimeters and refer to the 
curves. Care must be taken to enlarge 
the photographs accurately to full scale; 
errors in enlargement are preserved in 
the results. 

"The classical formula for computing 
kinetic energy ( Ke = 1/2 m v2 ) may 
be used for computing the energy of 
alpha particles because their velocity is 
so low that the relativistic mass effect 
may be neglected. This formula express
es energy in terms of ergs. To convert 
ergs into electron volts multiply by 6.25 
X 1 0 1 1 .  The length of the alpha track 
depicted in the second photograph [top 
of page 1 80J is 3 . 1  centimeters, which 
according to the graph corresponds to an 
energy of 4 .65 mev. From this value the 
formula for velocity gives a speed of 
1 .496 X 1 09 centimeters per second, or 
about 9,000 miles per second. 

"The diffusion chamber invites nu
merous other interesting experiments. 
Air can be replaced by other gases, for 
example. In general it will be found that 
the quality of the tracks drops in pro
portion as the molecular weight of the 
gas falls below that of the vapor. The 
accompanying photograph of a beta 
track [page 1 73]  was made in an atmos
phere of oxygen. 

"Gamma rays and X-rays dislodge 
electrons throughout the gas; the result
ing tracks are characteristically erratic 

[see illustration at bottom of page 1 82] . 
In this case a particle source was in
cluded and appears at the right side of 
the picture together with a pattern of 
alpha tracks. The white strip across the 
center was made by a wax barrier, in
serted to determine whether electrons 
could penetrate it. The broad, irregular 
masses in the vicinity of the alpha par
ticles are wisps of cloud representing old 
tracks. These could have been cleared 
away by momentarily connecting a po
tential of from 45 to 90 volts across the 
electrodes of the chamber." 

e 
v� = Hr m" 

where : 
Ve = ve.lo c i ty of e l e ctt'on in  

ce. .,t i m  eters p e r  second 
Hr = magnetic r ig id ity i n  

gil U 5 s  - c e n t i  m e t ers 
�. :: .. atio of el ectro n '.s m " c h a r g e  to m ass 

(1 . 75&& x lOT) 
c vel o c i ty of t i ght  

(3  x 1.0'° e m  per s€c) 

T = 0 . 5 1 1  (,/lj: - ,) 
wh e t" e ; 

T '" k inetic ener'gy in m; I 
I i  o n s  of elect r-on vo't5 

(w ith other quant iti es as 
pre v i o�� 'y  defi n ed) 

m" m = A!l 1 - -
e ll  

w h e re :  
m = i n creas ed m a ss of pa.r-

t i e l  e in grams 
mo = re: st m a s s  of pc:lrtic le (W ith other q U"lO tit i e s  45 

pre;v i o u � ' y  def i n ed )  

VQ' = V ? K  
77t o  

w h ere : 
UQ; = ve l o c i ty of al ph a 

port i cl e 
K ,. k i n etic energy of "" ph a 

pa.rti c l e  
mo = re st m a s s  o f  a l ph a  

Pdl't i c l e  

Form ulae to determ ine nature of particles 
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Today  m a n k i n d  is e m b a r k e d  on t h e  m ost 

exc i t i n g  voyage  of  d i scove ry  s i n c e  Co l u m b u s  

sa i l ed  beyond t h e  r im  o f  t he  k n o w n  wor ld .  

I n  a p hys ica l  sense ,  i t  is  a voyage  that  ranges  

from invest iga t i on  of  t he  i n f i n ites i m a l  compo·  

n ents of matter  to exp lo ra t i on  of the  vastness of 

the  cosmos.  

B u t  at Sa n d i a  L a b o ra to ry i t  i s  a voyage of 

the  m i n d - a  voyage beyo n d  the r i m of o u r  p r e ·  

s e n t  c o m p r e h ens ions ,  to u n l i m ited dest i na t ions .  

At ou r  l a b o ra to r i es  i n  A l b u q u e r q u e ,  N .  M .  a n d  

L ive r m o re ,  C a l i fo r n i a ,  w e  p e rf o r m  research  a n d  

deve lo p m e nt p e rta i n i n g  to  n u c l e a r  w e a p o n s  a n d  

ce rta i n  a l l i ed n o n · m i l ita ry p rojects fo r  t h e  Ato m i c  

E n e rgy C o m m iss i o n .  We n e e d  m e n  w i t h  t h e  

know ledge ,  t h e  e xpe r i e nce ,  a n d  t h e  d e s i r e  t o  v e n ·  

t u r e  b e y o n d  t h e  r i m  i n  m a n y  f i e l d s  o f  sc i e n c e  

a n d  e n g i n e e r i n g .  A t  p resen t ,  we  h a v e  c h a l l e ng i ng  

o p p o rtu n i t i es  i n  t hese  spec i f i c  f i e l ds :  

PHYS ICS a n d  MAT H E MAT I CS-Scie nt ists at PhD  

l e ve l  for  both f u n d a m e nta l  a n d  a p p l i e d  research .  

Both phys i c i sts  and m a t h e mat ic i a n s  a r e  n e eded  

at o u r  A l b u q u e r q u e  locat i on ,  mathemat i c i ans  o n ly 

at L ivermore .  

EXPLOSIVES C H E M I STRY- C h e m ists o r  c h e m i ·  

ca l  e n g i n e e rs w i th  advanced  d e g r e e s  a n d  exten·  

s ive exper ience  In t h i s  f i e ld ,  at both A l b u q u e r q u e  

a n d  L ive rmore .  

STAT IST ICS - Ex p e r i e n ce d  stat ist i c ia ns  w i th  M S  

o r  P h D  d e g r e e s  a n d  i n te rest i n  statist i ca l  methods  

a n d  q u a l ity contro l ,  p a rt i c u l a r l y  i n  stat ist i c a l  d e ·  

s i gn  of expe r i m e nts .  Req u i red  at  A l b u q u e rq u e  

o n ly .  

Q U A L ITY C O N T RO L - I n d u st r i a l ,  m e c h a n i c a l ,  

a n d  e lectr ica l  e n g i n ee rs  w i th  e x p e r i e n c e  i n  q u a l ity 

control  methods deve lo p me n t  and t ra i n i n g  ass ign· 

m e nts, a t  Al b u q u e r q u e  o n ly .  

STRESS ANALYS I S - Exper i enced  mechan ica l  or  

ae rona ut ica l  e n g i n eers ,  p re fe rab ly  wi th  advanced 

d e g rees ,  a t  both  A l b u q u e r q u e  and L ivermore .  

H U MAN E N G I N E E R I N G - Expe rienced  perso n n e l  

w i th  a d v a n c e d  d e g r e e s  i n  psyc h o l ogy p l u s  e n g i 

nee r i ng  degrees ,  a t  A lb u q u e r q u e  on ly.  

H EAT TRAN S F E R -Aero n a ut ica l o r  m e c h a n i c a l  

e n g i n eers  w i th  M S  o r  P h D  degrees  fo r  a n a lytica l 

a n d  e x p e r i m e nt a l  r e s e a r c h  a n d  d e v e l o p m e nt i n  

a e rodyna m i c  hea t i ng  a n d  heat  t ra n sfer  p rob l ems ,  

a t  A l b u q u e rq u e  o n ly .  

E L E CT R I CA L  o r  M EC H A N I CA L  E N G I N E E R I N G 

e x p e r i e n c e d  perso n n e l  w i t h  BS o r  M S  deg rees ,  

at both  A l b u q u e r q u e  a n d  L i v e rmore .  

Sa n d i a  L a b o rato ry o f f e r s  many  a d v a n c e d  a n d  

spec ia l ized  fa c i l i t i e s  t o  f u r t he r  work  of  its s c i e n ·  

t i s t s  and  e n g i n e e rs .  L i b e r a l  e m p l o y e e  b e n ef i ts ,  

i n c l u d i n g  g e n e ro u s  vacat i o n s  and  h o l i days ,  i n su r ·  

a n c e  a n d  ret i r e m e n t  p l a ns ,  e d u ca t i o n a l  a i d  p ro ·  

g ra m ,  a d d  to Sa n d ia 's attract i v e n ess as  a p l a c e  

to work .  A l b u q u e r q u e ,  a c i ty  of  o v e r  22 5 ,000 w i t h  

a m i ld ,  d ry c l ima te  and  f r i e nd l y  So uthweste r n  

a t m o s p h e r e ,  is a d e l ight fu l p l a c e  i n  w h i c h  t o  l i v e .  

L i v e r m o r e ,  located i n  t h e  Sa n Fra n c isco Bay  a r ea ,  

o ffers subu rban  a d va ntages  c l ose to metro p o l i ta n 

S a n  Fra nc isco.  

IF Y O U  ARE I N T E R ESTED in a career a t  Sa n d i a ,  

o u r  i l l u strate d b roch u r e  w i l l  t e l l  y o u  m o r e  a b o u t  

the  o p p o rtu n it i es  we  offe r to  advanced  sc i ent i sts 

a n d  e n g inee rs .  Write to E m p l o y m e nt Section 569 E 
at e i t h e r  A l b u q u e rq u e , N .  M . ,  o r  L i v e r m o re ,  

Ca l i f o r n i a .  

SAN D I A 
�--· C O R PO R ATI O N  

A L B U Q U E R Q U E . N EW M EX I C O  
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7 ways to satisfy a scientific curiosity 

INSIDE TIlE 
LIVING CELL 
Some Secrets of Life 
By J. A. V. Butler 
The noted British biochem
ist presents a lucid account 
of the makeup of cells, the 
m a r v e l o u s  m e c h a n i s m s  by 
which they function,  a n d  
their manifold forms and 
roles in the living body. A 
brilliant discussion, aided by 
44 illustrations, of man's 
progress t o w a r d  under
standing fundamental proc
esses of his own nature and 
of life itself. $3.50 

CAN MAN BE 
MODIFIED? 
By Jean ROSland 
Can man, through science, 
raise himself to a species of 
superman? This breathtak
ing book by the distinguished 
French biologist synthesizes 
the advances of modern sci
ence toward controlling the 
heredity, chemistry, intelli
gence a n d  e v e n  e m o t i o n s  
of organisms, a n d  speculates 
a u t h o r i t a t i v e l y  on m a n ' s  
b i o l o g i c a l  f u t u r e .  $3.00 

ELEPHANTS 
By Richard Carrington 
The 'complete story of the 
evolution, anatomy, temper
ament, habits and extraor
d i n a r y  person ality of the 
great behemoth which has 
figured prominently in myth
o l ogy, religion,  l i t e r a t u re, 
a r t, c o m me r c e  and e n te r 
t a i n m e n  t .  An engagingly 
written book by the well
known naturalist and author 
of A Guide 10 Earth His
tory. 81 illustrations. $5.00 

SIGMUND FREUD 
COLLECTED PAPERS 
Edited by Anna Fre u d ,  
E r n e s t  J o n e s  a n d  James 
Strachey. Five Volumes,  
Boxed. Published for the 
first time in America - 1 17 
papers by the founder of 
psychoanalysis, offering his 
views on a fascinating range 
of subjects from sex to war, 
from religion to poetry. The 
authorized translation. The 
set $25.00. Special pre-pub
Iica tioll offer extellded 

$19.95 

Illustration: 
Bohr's Radium 
Atom 

SOVIET SPACE SCIENCE 
By Ari Shtemfeld 
Just published, this compre
hensive n e w  a c c o u n t  o f  
Russian theoretical and prac
tical progress in the field of 
astronautics is written by a 
leading Soviet space scien
tist and now appears in Eng
lish in the official U.S. Air 
Force translation. "Singu
larly free of propaganda . . .  
One of the best surveys of 
astronautics published in any 
country." Willie Ley $6.00 

I Through your booksel ler, or order d irect from I THE LOGIC OF SCIENTIFIC DISCOVERY 
By Karl R. Popper 

Basic Books, Publishers P-51 
S9 Fourth Avenue, New York 3, N. Y. 
Please send me the books checked below for free examination. Within 7 days 
I will send you full payment, plus postage, or I will rcturn them and owe nothing. 

o Elephants, $5.00 0 Sigmund Freud-Collected Papers, $19.95 
o Existence, $7.50 0 Logic of Scientific Discovery, $7.50 
o Inside The Living Cell, $3.50 0 Soviet Space Science, $6.00 

o Can Man Be Modified?, $3.00 

Name . 

Address . 

City . . .  Zone . . . .  State . 

O SAVE POSTAGE! Check here if you are. enclosing payment now and we 
will pay postage. Same return privilege guaranteed. 
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For the first time in English-a striking picture o f  the 
logical character of scientific discovery by the scholar 
who, according to the Manchester Guardian, has Uintro� 
duced a greater number of important ideas into the 
philosophy of science than any other living philosopher." 
Translation by Dr. Popper himself. $7.50 
EXISTENCE 
Ed. by Rollo May, Ernest Angel and H. F. Ellenberger 
The first inclusive statement for American readers of the 
concepts and practice of Existential Analysis-presenting 
writings of Binswanger, Kuhn, Minkowski and Straus, 
the leading exponents of ,his new European approach to 
psychotherapy. "This book opens up a new dimension . .  _ 
the ultimate question of man's nature and the whole of 
his reality." Paul Tillich $7.50 

B A S I C  B O O K S  P U B L I S H E R S  
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by I. Bp,rnard Cohen 

Tl-lE SLEEPWALKEHS: A HISTO;W OF 
MAN'S CHAKGING VIEW OF THE UNI
VEHSE, by Arthur Koestler. The Mac
millan Company ($6.50). 

"I n the index to the 600-odd pages 
of Arnold Toynbee's A Study of 
History, abridged version, the 

names of Copernicus, Galileo, Descartes 
and Newton do not occur." These words, 
with which the preface of The Sleep
walkers begins, exemplify both the tone 
and the purpose of Arthur Koestler's new 
book. He is concerned with "the gulf 
that still separates the Humanities from 
the Philosophy of Nature." Koestler pre
fers the latter expression to "Science," 
because it carries with it the "rich and 
universal associations" of the 17th cen
tury, the "days when Kepler wrote his 
H U1'mony of the World and Galileo his 
Message from the Stars." In fact, the 
greater part of Koestler's book deals with 
the 17th century, the age known now 
for the "Scientific Revolution" but then 
for the "New Philosophy," which had as 
its aim not a revolution in technology but 
the "understanding of nature." Koestler 
regards the 17th century nostalgically as 
an age that still had a place in it for the 
universal man, and that had not seen 
either the present fragmentation of 
knowledge or the erection of "academic 
and social barriers" between the "Sci
ences" and the "Humanities. " 

One result of this "cold war," accord
ing to Koestler, is that there exist histo
ries of the sciences but "no comprehen
sive survey of man's changing vision of 
the universe which encloses him," a de
ficiency that Koestler believes his own 
efforts to have remedied. He has not 
written "a history of astronomy, though 
astronomy comes in where it is needed 
to bring the vision into sharper focus; 
and, though aimed at the general reader, 
it is not a book of 'popular science' but 
a personal and speculative account of a 
controversial subject." 

BOOKS 
Koestler on Kepler and the history 
of man's picture of the unwerse 

Koestler asks the reader to keep in 
mind that despite the time limit he has 
imposed-to begin with the Babylonians 
and to end with Newton-the subject 
was still so vast that to keep it "within 
manageable limits" he "could attempt 
only an outline." The result is thus 
"sketchy in parts, detailed in others, be
cause selection and emphasis of the ma
terial was guided by my interest in cer
tain specific questions, which are the 
le'itmotifs of the book." These are two 
in number. First there are "the twin 
threads of Science and Religion, starting 
with the undistinguishable unity of the 
mystic and the savant in the Pythago
rean Brotherhood." These threads run 
through history together, "falling apart 
and reuniting again, now tied up in 
knots, now running on parallel courses, 
and ending in the polite and deadly 
'divided house of faith and reason' of 
our day." Koestler believes that a "study 
of the evolution of cosmic awareness in 
the past may help to find out whether a 
new departure is at least conceivable, 
and on what lines. " Such a statement 
strongly suggests, as the text confirms, 
that what Koestler objects to is not mere
ly the fragmentation of science but frag
mented science itself, which has failed 
to achieve for man the goals that the 
17th-century natural philosophers held 
to be the fruits of their inquiries. 

The second leitmotif is the "psycho
logical process of discovery," which 
Koestler conceives "as the most concise 
manifestation of man's creative faculty. " 
He is equally concerned with "that con
verse process" which blinds man "to
wards truths which, once perceived by a 
seer, become so heartbreakingly obvi
ous. " Koestler calls this negative aspect 
of discovery a "blackout shutter" and 
observes its presence in scientific men of 
the highest genius: Aristotle, Ptolemy, 
Galileo, Kepler. It is suggested that a 
study of the greatest scientific men of 
the past shows that "while part of their 
spirit was asking for more light, another 
part had been crying out for more dark
ness." Koestler believes that to under
stand science one must be concerned 
with the character and personality of 

scientists, since "all cosmological sys
terns . . .  reflect the unconscious preju
dices, the philosophical or even the po
litical bias of their authors." Whether 
the subject be physics or phYSiology, "no 
branch of Science, ancient or modern, 
can boast freedom from metaphysical 
bias of one kind or another." This is 
Koestler's explanation for the fact that 
the evolution of science follows a be
wildering series of zigzags rather than 
a simple and logical linear progression. 
And so we are led to Koestler's main 
theme: "The history of cosmic theories, 
in particular, may without exaggeration 
be called a history of collective obses
sions and controlled schizophrenias; and 
the manner in which some of the most 
important individual discoveries were 
arrived at reminds one more of a sleep
wal��r'� performance than an electronic 
bra111 s. 

That it should be Arthur Koestler who 
has chosen this particular assignment 
may be an occasion for some surprise. 
His reputation, at least in this country, 
was made by the novel Darkness at 
Noon, in which he explored the psycho
logical reasons for the confessions of old
line Bolsheviks in the Russian trials of 
the 1930s. Five years ago, however, 
Koestler decided to give up political 
matters for science. This decision was 
not quite as odd as it might seem; in 
pre-Hitler Germany Koestler had been 
science editor of the Ullstein chain of 
newspapers, and he had started his ca
reer as a science student in Vienna. 

That his present writing on science 
should concentrate so much on the psy
chological aspects of scientific discovery 
is in keeping with Koestler's psychologi
cal approach to political problems. His 
Insight and Outlook dealt with questions 
similar in meaning but not in kind to 
those considered in The Sleepwalkers. 
His portrayal of conflicting attitudes in 
The Yogi and the Commissar may help 
to prepare the reader for his present re
flections on the mystiCism of the early 
cosmologists, as opposed to the hard
boiled positivism of modern science. 

It will be apparent to anyone who 
picks up this book that Koestler has clone 
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a solid job of research. He provides a 
wealth of quotations from original 
source-material and buttresses them 
with references to some of the major re
sults of historical scholarship. The very 
bulk of the book may deter some readers; 
it should be said at once that the narra
tive is fascinating and the style engaging 
and urbane. The author's personal preju
dices and predilections will variously de
light, enrage, stimulate, repel, attract, 
astound and titivate the scientist, the 

historian and the general reader. The 

book is stuffed with all kinds of recon

dite information about the lives of the 

early scientists and their contributions 

to the science of the universe. At the 

same time Koestler propagates old errors 

and adds new ones of his own; in general 

he presents a highly biased and/or inac

curate view of the nature and growth of 

science, and a distorted account of some 

of the major episodes in the history of 

astronomy. 
Koestler is most successful in his dis

cussion of Johannes Kepler, to whom 
about half The Sleepwalkers is devoted. 
One almost has the feeling that what be
gan as a biography of Kepler ended up 
as a history of cosmology only by virtue 
of having Copernicus, Tycho Brahe and 
Galileo appear so that Kepler might be 
made a more sympathetic figure; and 
that a wholly inadequate account of an
cient and medieval cosmology was 
added only to point up the originality of 
Kepler's contributions. Koestler claims 
that his own scholarly contribution lies 
mainly in the sections dealing with Kep
ler, "whose works, diaries and corre
spondence have so far not been accessi
ble to the English reader; nor does a 
serious English biography exist. " This is 
true, and it may be added that the only 
two major studies of Kepler's astronomy 
are all but inaccessible even to scientists 
and historians. Indeed, they were not 
consulted by Koestler. 

Kepler makes an ideal subject for 
Koestler. Because one of Kepler's main 
concerns was the influence of the stars 
on the lives of men, he kept meticulous 
records of both the great and the minute 
events of his own life. How many biog
raphers could begin, as Koestler does: 
"Johannes Kepler, Keppler, Khepler, 
Kheppler or Keplerus was conceived on 
16 May, A.D. 1571 ,  at 4: 37 a.m., and 
was born on 27 December at 2 : 30 p. m. ,  
after a pregnancy lasting 2 2 4  days, 9 
hours and 53 minutes. The five different 
ways of spelling his name are all his own, 
and so are the figures relating to concep
tion, pregnancy and birth, recorded in a 
horoscope which he cast for himself. " 
Koestler remarks: "The contrast between 
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his carelessness about his name and his 
extreme precision about dates reflects, 
from the very outset, a mind to whom 
all ultimate reality, the essence of reli
gion, of truth and beauty, was contained 
in the language of numbers." 

Guided by Kepler's self-portrait, 
Koestler sketches for us the early years 
and education of a man who described 
himself as ''born destined to spend much 
time on difficult tasks from which others 
shrunk." Quite early he became a Coper
nican, at a time when very few scientists 
had read that author's difficult exposi
tion of a sun-centered system of the 
universe. But Kepler began his career 
more as an astrologer than a defender of 
Copernicus. His first job as teacher was 
marked by a prediction: From the stars 
he foresaw a very cold winter and an 
invasion by the Turks! Luckily for him 
he proved to be right about both. Al
though he knew that much of astrology 
was quackery, he remained convinced to 
his death that the stars and planets de
termine the fate of man. 

Soon Kepler produced his first major 
work, the full title of which is: A Fore
runner to Cosmological Treatises, con
taining the Cosmic Mystery of the 
admirable proportions between the 
Heavenly Orbits and the true and proper 
reasons for their Numbers, Magnitudes, 
and Periodic Motions. Kepler believed 
he had discovered why there are only 
six planets, and why they are placed as 
they are in the Copernican system. This 
discovery he considered to be a divine 
revelation, he being only the instrument 
directed by God's will and plan. Kep
ler's discovery relates numbers and ge
ometry: six planets and five regular 
solids. He conceived that within the 
sphere containing Saturn's orbit there is 
inscribed a cube, within which is in
scribed another sphere containing the 
orbit of Jupiter. Within the sphere of 
Jupiter is a tetrahedron containing the 
sphere of Mars; within the sphere of 
Mars is a dodecahedron containing the 
sphere of the earth; within the sphere of 
the earth is an icosahedron containing 
the sphere of Venus; within the sphere 
of Venus is an octahedron containing 
the sphere of Mercury. Given a certain 
thickness for the surface of each sphere, 
the distances in fact come out right. For 
the young Copernican, steeped in the 
Pythagorean ideal and convinced that 
everywhere in nature there are hanno
nies of number and shape, it was a sig
nificant stroke. To the end of his life 
Kepler considered it a more important 
discovery than the celebrated laws that 
bear his name. 

It was Kepler's good fortune (he held 

it to be an act of divine Providence) that 
his book brought his skills in computa
tion to the attention of Tycho Brahe. 
This Danish astronomer (for some rea
son Koestler insists on Frenchifying his 
name to "Tycho de Brahe") had re
formed astronomy by making continu
ous rather than occasional observations 
of the planets, and by creating new in
struments that made it possible to de
termine the planetary positions within 
less than eight minutes of arc. To ap
preciate what this figure means, one 
must recall that Copernicus had said 
that if he could ever predict the plane
tary positions within 10 minutes of arc, 
he would be as happy as Pythagoras was 
when he discovered his theorem. To 
Tycho, whose reforms made an exact 
science of astronomy, whose system of 
the world briefly became a rival of 
Ptolemy's and Copernicus's, and whose 
observations provided Kepler with the 
materials for his own deep discoveries, 
Koestler devotes an unilluminating pair 
of short chapters. 

Using Tycho's observations of Mars, 
Kepler found his first two laws; these he 
published in his New Astronomy, which 
he described as "a physics of the sky, 
derived from investigations of the mo
tions of the star Mars." Kepler's first law 
states that the planets move around the 
sun in elliptical orbits, one focus of the 
ellipse being occupied by the sun. His 
second law states that along this orbit 
each planet moves in such a manner that 
a line drawn from the sun to the planet 
sweeps out equal areas in equal times. 
Our modern assignment of the words 
"first" and "second" here suggests a logi
cal progression: Is it not obvious that to 
determine the speed with which a planet 
moves along its orbit, and to compute 
the area swept out by a line drawn from 
sun to planet, there must be a prior de
termination of the shape of the orbit? 
But it is just this point that provides 
Koestler with a chief illustration of his 
central thesis. For the fact of the matter 
is that in this instance (though it is not 
unique in the development of science) 
the logical order of the discovery is just 
the reverse of the chronological order. 

Kepler's New Astronomy gives us al
most every stage in the development of 
his ideas-even calculations based on 
suppositions he later knew to be false. 
To the exhausted reader he says (in 
Chapter 1 6): "If thou art bored with 
this wearisome method of calculation, 
take pity on me who had to go through 
at least seventy repetitions of it, at a 
very great loss of time." By Chapter 19 
he is at last willing to give up all the 
variations he had introduced into older 
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hypotheses, and to approach his "goal 
according to my own ideas"; at last the 
reader could proceed to Kepler's own 
hypotheses. But 13 chapters later Kep
ler is still showing the consequences of 
physical assumptions, chiefly that some 
kind of anima matrix emanates from the 
sun, diminishes according to the inverse 
proportion of the distance and is active 
only in the plane of the planet's motion. 
In this way Kepler found the "second" 
law, knowing it was based on errors 
which he said "like a miracle . . . cancel 
out in the most precise manner. " On this 
score Koestler remarks: "The correct re
sult is even more miraculous than Kep
ler realized, for his explanation of the 
reasons why his errors cancel out was 
once again mistaken, and he got, in fact, 
so hopelessly confused that the argu
ment is practically impossible to follow
as he himself admitted. And yet, by 
three incorrect steps and their even more 
incorrect defense, Kepler stumbled on 
the correct law. It is perhaps the most 
amazing sleepwalking performance in 
the history of science-except for the 
manner in which he found his First 
Law." In the course of this new adven
ture Kepler tumed to an egg-shaped 
planetary orbit and repudiated the pre
viously announced second law; he said 
that he regretted that the orbit was not 
"a perfect ellipse [for then] all the an
swers could be found in Archimedes's 
and Apollonius's work." Then by chance 
he suddenly found a clue to the fact that 
the orbit was indeed elliptical. He tells 
us: "I felt as if I had been awakened 
from a sleep. " But search as he might 
("until I went nearly mad"), he could 
never find "a reason why the planet pre
ferred an elliptical orbit." 

From antiquity up to the time of Kep
ler's book everyone was agreed that 
planetary motions were either circles or 
some combination of circles. No one was 
able to understand why a planet should 
move along an ellipse until Newton 
showed that this orbit was a conse
quence of a central force of gravitation 
dependent on the inverse square of the 
distance. It is not surprising that Kep
ler's contemporaries (including Galileo) 
never accepted elliptical orbits, if indeed 
they had ever heard of them. Koestler 
cannot forgive Galileo his treatment of 
Kepler. "In his works," says Koestler, 
Galileo "rarely mentions Kepler's name, 
and mostly with intent to refute him. 
Kepler's three Laws, ·his discoveries in 
optics, and the Keplerian telescope, are 
ignored by Galileo, who firmly defended 
to the end of his life circles and epicy
cles as the only conceivable form of 
heavenly motion." This statement is re-
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CAUSAL PRINCIPLE 

IN MODERN SCIENCE 

By MARIO SUNGE. This searching 
essay on determinism places special 
emphasis on causal determinism
causality - and shows how the 
causal principle actually works in 
various departments of modern sci
ence. The analysis shows that the 
causal principle is neither a panacea 
nor a superstition, but a philosophi
cal hypothesis employed in science 
(in competition with other prin
ciples of determinism) that is es
sentially critical and self·correcting. 
39 line cuts. $7.50 

Theoretical 
Elasticity 
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and complete discussion and sum
mary of modern theoretical results 
and methods in elasticity - pre
sented in a form which does not 
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thorough treatment of thermoelas
ticity, elastic wave motion,. and 
non·linear elasticity. $6.00 
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of Science 

By J. SRONOWSKI. "Bronowski, 
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imaginative director of practical re
search, a gifted man of letters ... 
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treat the broad theme of his essay, 
to give it unity and clarity." 

-Scientific American $2.00 
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problem of learning."':'" Quarterly 
Review of Biology $10.00 

Ask your bookseller 

UNIVERSITY PRESS 
�m I HARVARD 

m Cambridge 38, Mass. 

pea ted a number of times with varia
tions. Yet according to Koestler's own 
presentation even to find the first two 
laws within Kepler's New Astronomy is 
a heroic exercise. Moreover, the reader 
who has found them will quickly dis
cover that they are based on false and 
untenable assumptions. Koestler writes: 
"The ellipse had nothing to recommend 
it in the eyes of God and man; Kepler 
betrayed his bad conscience when he 
compared it to a cartload of dung which 
he had to bring into the system as a price 
for ridding it of a vaster amount of dung. 
The Second Law he regarded as a mere 
calculating device, and constantly repu
diated it in favour of a faulty approxi
mation; the Third as a necessary link in 
the system of harmonies, and nothing 
more." If this is so, it is hardly surprising 
that Galileo did not accept Kepler's laws, 
even if he had succeeded in finding them 
within Kepler's prolix and confused 
presentation. 

Koestler emphasizes the fact that 
Kepler was the first man to base astrono
my on physics, even that he was the first 
man to make astronomy a causal physi
cal science. But Koestler denies the 
reader equal insight into the relationship 
between Galileo's Copernican astronomy 
and Galileo's new science of dynamics. 
So the link between the work of Kepler 
and Galileo on the one hand and of 
Newton on the other is only half-pre
sented. Koestler altogether gives Galileo 
a hard time. Kepler is "disarming" ;  ac
cording to Koestler, no one who met him 
"in the flesh or by correspondence could 
seriously dislike him." Galileo, in con
trast, is characterized by "arrogance 
minus humility"; he is a man held in 
"aversion"; he is "ambiguous" and "sub
tie"; he confounds "freedom of thought" 
with "sophistry, evasion, and plain dis
honesty." Galileo is condemned by 
Koestler on the ground that at the age 
of 70 he was frightened in the prison of 
the Inquisition, from which he was re
leased ( according to a report of the 
time) "more dead than alive." Koestler 
ascribes Galileo's "paniC" to "psychologi
cal causes." Says Koestler: "It was the 
unavoidable reaction of one who thought 
himself capable of outwitting all and 
making a fool of the Pope himself, on 
suddenly discovering that he has been 
'found out:" But there is no reason 
whatever to believe that Galileo intend
ed to make a fool of the Pope. I would 
submit that Galileo's panic (if he felt 
it at all) in a prison with that particular 
history needs no "psychological" expla
nation. That Koestler, who so sensitively 
described the thoughts of the prisoner 
Rubashov in Darkness at Noon, should 

find it necessary to invoke such an ex
planation is rather odd. 

Why is it that Koestler can find no 
sympathy for Galileo, even in the trial 
room of the Inquisition? Koestler writes 
that although he has from early child
hood retained "vivid impressions" of the 
"wholesale roasting alive of heretics by 
the Spanish Inquisition" (which is nei
ther relevant nor exactly true), he finds 
"the personality of Galileo equally un
attractive, mainly on the grounds of his 
behaviour towards Kepler. " This absurd 
bias makes a travesty of the concluding 
portion of Koestler's book by forcing him 
to ignore or to belittle Galileo's profound 
contribution to physics and astronomy. 
All this because Galileo did not imme
diately answer Kepler's letters or accept 
his laws! Furthermore, Koestler makes 
it plain that his bias is not based "on af
fection for either party in the conflict" 
between Galileo and the Roman Church, 
but on his own personal "resentment that 
the conflict did occur at all." For Koest
ler the conflict was only in the nature 
of "a clash of individual temperaments," 
and not "a fatal collision between oppo
site philosophies of existence." Because 
of his belief in the "unitary source of the 
mystical and scientific modes of experi
ence" and "the disastrous results of their 
separation," Koestler treats Galileo as 
the villain of his book. 

The presentation of Copernicus is 
equally unsympathetic; the section de
voted to his work is entitled "The Timid 
Canon. " Koestler calls him "a stuffy 
pedant," lacking "the sleepwalking intu
ition of the original genius." Having "got 
hold of a good idea," Copernicus "ex
panded it into a bad system." I find my
self wondering how different Koestler's 
book might have been if he had brought 
to bear on Copernicus the insight with 
which he portrayed the old Bolshevik 
Rubashov. Surely the reader would have 
been fascinated and rewarded by a 
thoughtful consideration of the mind of 
a man who stood at the threshold of the 
world of modern science and yet was 
not free of the shackles of his medieval 
heritage, who presented a new system 
of the world and yet knew that there 
was no physics to account for it. 

Since Koestler presents Copernicus 
without understanding, it is hardly sur
prising that his account of the pre
Copernican period is a collection of 
platitudes. Indeed, he almost completely 
ignores astronomical and cosmological 
thought from Ptolemy to Copernicus, 
which has been considerably illuminated 
by recent scholarship. Because he finds 
Ptolemy "profoundly distasteful," Ptole
my's conceptions are reduced to "the 
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work of a pedant with much patience 
and little originality, doggedly piling 
'orb in orb. ' " A handful of pages con
temptuously dismiss the greatest achieve
ment of ancient astronomy because of 
what is held to be an unforgivable failure 
to adopt the heliocentric system pro
posed by Aristarchus, a position in which 
Koestler finds it necessary to ignore the 
fact that Aristarchus's heliocentric as
tronomy was never worked out by its 
author but was only a suggestion whose 
implications were never-and could not 
possibly have been-realized. To go back 
farther in time, Koestler's presentation 
of the world of the Babylonians and the 
Egyptians reads as if it had been written 
decades ago, before serious investiga
tion had made any dent in our ignorance 
of their respective astronomical sys
tems. One must conclude that any state
ment in the book that does not refer to 
Kepler's life or writing must be taken 
with a grain of salt. 

Koestler's epilogue contains the moral 
of his tale. It requires the whole salt
cellar. He declares that' the divorce of 
science from religion-the freeing of 
science from its "mystical ballast" -en
abled it to "sail ahead at breathtaking 
speed to its conquest of new lands be
yond every dream." The price paid for 
this rapid advance was that "it carried 
the species to the brink of physical self
destruction, and into an equally unprec
edented spiritual impasse. Sailing with
out ballast, i:eality gradually dissolved 
between the physicist's hands; matter 
itself evaporated from the materialist's 
universe. " This evil is imputed in the 
first instance to the villain of the book, 
Calileo, because it was he who "ban
ished the qualities which are the very 
essence of the sensual world-colour and 
sound, heat, odour, and taste-from the 
realm of physics to that of subjective 
illusion." In the end the very "hard 
atoms of matter" have gone "up in fire
works; the concepts of substance, force, 
of effects determined by causes, and ulti
mately the very framework of space and 
time turned out to be as illusory as the 
'tastes, odours and colours' which Cali
leo had treated so contemptuously." 
Says Koestler: "Compared to the mod
ern physicist's picture of the world, the 
Ptolemaic universe of epicycles and crys
tal spheres was a model of sanity. " 

Koestler tries to make out that 20th
century physics is just like the pre-Kep
le�ian cosmology. The fact that quantum 
mechanics works is for him irrelevant; it 
reminds him only of "Urban VIII's fa
mous argument which Calileo treated 
with scorn: that a hypothesis which 
works must not necessarily have any-
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chapters deal with melting and 
freezing, integral transforms, and 
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thing to do with reality for there may be 
alternative explanations of how the Lord 
Almighty produces the phenomena in 
question." 

Koestler thus comes to the depressing 
conclusion of his reflections. Modern 
science-and here Koestlel; departs from 
cosmology to deal entirely with physics
is a 

"
modern version of scholasticism.

" 

Koestler condemns the men of science 
for their reaction to what he calls 

"
the 

phenomena of 'extra-sensory percep
tion' " even as he bemoans the 

"
rigorous 

banishment of the word 'purpose' " from 
the vocabulary of science. Science is di
vorced from faith, with the result that "

neither faith nor science is able to satis
fy man's intellectual cravings." Science, 
since the days of the villainous Calileo, 
has allegedly 

"
chlimed to be a substitute 

for, or the legitimate successor of, reli
gion; thus its failure to provide the basic 
answers produced not only intellectual 
frustration but spiritual starvation." If 
only science could regain 

"
its mystical 

inspiration," if only a new Kepler would 
arise to confute Heisenberg and Schrii
dinger, then the world might be better 
in some way. In the absence of a Kepler, 
Koestler concludes with the hope that 
the 

"
muddle of inspiration and delusion, 

of visionary insight and dogmatic blind
ness, of millennial obsessions and disci
plined double-think, which this narrative 
has tried to retrace, may serve as a cau
tionary tale against the hubris of science 
-or rather of the philosophical outlook 
based on it.

" 

For me the most melancholy aspect of 
Koestler's conclusion is that it bears so 
little relation to the book which it serves 
as an epilogue. Five years of contempla
tion of the peculiar qualities of Kepler's 
mind, of the work of his predecessors 
and successors in the development of 
cosmology, have resulted only in an 
empty lament over 20th-century physics. 
So little has Koestler learned from his re
searches that the epilogue is actually 
based to a considerable degree on his 
earlier writings, borrowed, as he says, "

without quotation marks.
" 

Fortunately for the reader, Koestler is 
frank about his prejudices. And he has 
done his bit to correct the old-fashioned 
notion that science progresses only by 
orderly, logical steps. Science is an ac
tivity of human beings, and human be
ings do not always behave exactly the 
way history expects them to. There is no 
doubt that the scientific activity of man 
has wellsprings that we do not fully un
derstand. When all is said and done, 
Koestler's eloquence in describing just 
how disorderly and illogical the progress 

of science can be may even outweigh his 
deficiencies as a historian. 

Short Reviews 

NCHAEOLOGY AND THE OLD TESTA-
MENT, by James B. Pritchard. 

Princeton University Press ($5). THE 

ANCIENT NEAR EAST, edited by James B .  
Pritchard. ,Princeton University Press 
( $6). These two fine books by a fore
most student of Old Testament literature 
and Biblical archaeology are prime ex
amples of intelligent popularization. The 
first volume is an engrossing nontechni
cal account of how history as written in 
the Bible has been 

"
changed, enlarged 

or substantiated" by the past century of 
archaeological work. Our understanding 
of this rich segment of man's cultural and 
religious heritage has been broadened 
not only by the finds in Palestine but also 
by discoveries-documents and monu
ments-in the 

"
peripheral lands" of Mes

opotamia, Egypt, Syria and Anatolia. 
Pritchard's text, supported by admirable 
illustrations, describes the excavations in 
modern Israel and Jordan, Baal and the 
religion of Canaan, the information 
gained about Assyria ( Israel's enemy) 
from the digging in modern Iraq, myth 
in the ancient Near East, the laws and 
culture of Egypt and Babylon. The sec
ond book is an excellent anthology of 
texts and pictures drawn from two large 
volumes edited by Pritchard ( one of 
them, The Ancient Near East in Pic
tures, was reviewed in these columns a few years ago), which are standard 
b'eatises on their subject. The texts in
clude excerpts from the Cilgamesh Epic, 
the Descent of Ishtar to the Nether 
World, the Telepinus Myth, poems 
about Baal and Anath, the Code of 
Hammurabi, the Instruction of Amen
em-Opet, the Hymn to the Aton, Egyp
tian love songs, the inscription on the 
Moabite Stone, the Cezer Calendar, As
syrian, Egypti'an and Babylonian docu
ments describing military expeditions 
and sieges. 

pSYCHOTHERAPEUTIC DRUGS, by Ash-
ton L. Welsh. Charles C. Thomas 

($4.75). The use of tranquilizers or ata
ractic drugs has soared in the last few 
years. In sales volume they are second, 
according to some reports, only to anti
biotics and vitamins. The rising market 
for peace-of-mind pills, apart from being 
a most interesting social phenomenon, 
has broad and serious medical implica
tions. What good are these various psy
chotherapeutic agents? What basis is 
there for the extensive claims made on 
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their behalf by drug manufacturers? 
What are the known side effects of the 
continued use of such medicaments? 
The author of this book, a dermatologist 
and syphilologist on the staff of the Uni
versity of Cincinnati, undertakes to an
swer these questions on the basis not 
only of his own clinical experience but 
also of data gathered from an extensive 
search of the medical literature. His 
monograph considers the five major 
groups of tranquilizers: the phenothia
zines, the Rauwolfia alkaloids and their 
fractions, the substituted propanediols, 
the diphenylmethane derivatives, and 
the ureides and ami des. The evidence is 
quite clear that the use of these drugs 
may involve many disagreeable and 
even dangerous toxic effects and side 
reactions, that all too often they are in
discriminately prescribed and taken. A 
very useful book, which all doctors 
ought to be required to read. 

OF STARS AND MEN, by Harlow Shap-
ley. The Beacon Press ($3.50). As 

man learns more about the universe the 
evidence mounts that he himself is in
cidental . In this sensitive and brilliant 
little book Shapley describes four "ad
justments" in man's evolving thought 
about his relations to the total material 
universe. At first he and his small stamp
ing ground were the whole world. Then, 
when he began to climb the hills to see 
what was on the other side, the horizon 
receded and a strange vagueness sup
planted his notion of a snug and fixed 
domain. In time he became aware of the 
daily movements of the sun and the 
stars, and of the wandering planets. The 
earth, it appeared, was a sphere, turning 
on its track with the other heavenly bod
ies . Yet it was still thought to be the 
chosen central sphere of the universe, 
with man the crown of all living forms. 
In the 1 6th century the heliocentric con
cept supplanted the geocentric and 
forced a second adjustment ; the earth 
had to yield its central position.  But man 
could still cling to the treasured notion 
that he was the apple of the cosmic eye. 
A third change came with the realization 
that the sun is an ordinary star, a mere 
triBe in a huge galaxy of stars, and that 
the galaxy itself is one of millions. Thus 
human pride and self�assurance were 
eroded, though vanity continued to as
sert itself in the belief that man was 
unique even if his abode was not. Now, 
however, a fourth adjustment is re
quired. Scientific workers have come up 
with pretty convincing evidence that 
whenever "the physics, chemistry and 
climates are right on a planet's surface, 
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life will emerge, persist and evolve ." 

This fact, coupled with certain observa
tional facts of astronomy, forces us, says 
Shapley, to the realization that other 
planets very likely accompany some of 
the thousands of millions of stars that 
radiate energy capable of supporting 
life .  Increasing knowledge has therefore 
not only dissolved the 

"
subjective mirac

ulous" and pierced deep into the 
"

mys
tery of life," but has laid the basis for 
reasoned confidence in the theory that 
life is abundant and widely distributed 
throughout the universe .  Asks Shapley : 
"What should be the human response" to 
this awesome circumstance? Frank Ram
say once commented on the physical 
universe in these words :  

"
I don't feel the 

least humble before the vastness of the 
heavens. The stars may be large, but 
they cannot think or love; and these are 
qualities which impress me far more 
than size does." Our perspective is now 
changed. It is no longer a question of our 
competing with huge masses of incan
descent gas and concluding comfortably 
and reasonably that they are mere out
size inanimate blobs, not worth a single 
living cell . Instead, we ourselves are 
"conceivably peripheral," not to be 
taken too seriously even among the ani
mals and plants on our local planet, to 
say nothing of the possibilities of the 
richly endowed metagalaxy. Our phi
losophies and our religions must adapt 
themselves to this new view of the cos
mos . And yet Shapley does not break en
tirely with Ramsay's view. He pleads for 
humility and hope, if not high confi
dence. There is much to learn, much to 
strive for, much we can accomplish 
through reason and imagination. If we 
are not alone, not even a chosen people, 
at least we can try to be equals among 
equals .  Shapley's essay meanders and is 
uneven; its conjectures will not appeal 
to many cosmologists. But it is humane, 
courageous and fascinating writing .  

THE FOLKLORE OF BIRDS, by Edward 
A. Armstrong (30 shillings ) ;  CLI

MATE AND THE BRITISH SCENE, by Gor
don Manley (25 shillings ) ;  MOUNTAIN 
FLOWERS, by John Raven and M ax WaI
ters (25 shillings ) ;  THE WORLD OF THE 
SOIL, by Sir E. John Russell (25 shil
lings ) .  Collins. The New Naturalist Se
ries in which these books appear is the 
best natural-history series being pub
lished today. In 10 years more than 40 
volumes have appeared, many of them 
distinguished, and all of them solid con
tributions to biological literature for the 
general reader. Because the series is 
primarily concerned with the wildlife of 
Britain, only a few of the books have 
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been published in the U. S . ;  among these 
are Alister Hardy's superlative The 
Open Sea, reviewed in these columns 
three years ago . This neglect is regret
table because the scientific content of 
the books, their clarity of presentation 
and the high quality of the illustrations 
( in black-and-white and in color ) would 
assure them an appreciative audience in 
the U .  S. despite the focus of attention 
on the British scene. The volumes listed 
above confirm the point. Armstrong's 
book traces to their origins in early cul
tures the magico-religious beliefs con
cerning a number of familiar birds :  the 
swan, the raven, the owl, the robin and 
the wren. The history, from their begin
nings in the 

"foggie dark sea of Antiqui
ty," of various traditions and beliefs,  of 
fables about weather-prophet birds, of 
such customs as breaking the wishbone, 
makes an engrossing tale, which is sup
ported by a mass of data drawn from 
archaeology, anthropology, psychology, 
religious history and ornithology. M an
ley's subject is British weather in its in
finite variety : Chaucer's 

"
sweet April 

showers," London fogs, the famous Eng
lish spring, the wild storms over the 
Channel, the smog over Liverpool, the 
redoubtable Scotch mist, the rain that 
falls and falls on Ireland, the wind
swept heights of the Pennines, the scant 
sunshine on Ben Nevis ( about 750 hours 
a year ) . The volume by Raven and WaI
ters is the first ever published on the 
wild flowers of British mountains.  It is a 
true labor of love, the result of a collabo
ration between an amateur and a pro
fessional botanist ( the amateur being an 
authority on Greek philosophy and a fel
low of King's College, Cambridge ) who 
have hunted flowers in the hills of Scot
land, Wales, Ireland and the Lake Dis
trict. While British mountain flowers do 
not provide so gorgeous a display as 
those of the Alps, they include many 
species of rare and gentle beauty that 
are lovingly described and discussed in 
this attractive volume . John Russell's 
monograph deals with how the soil was 
formed and how completed by organic 
matter; the living conditions for soil in
habitants; visible and invisible soil in
habitants from microorganisms to 
worms, slugs, snails ,  fungi and arthro
pods ;  man's control of the soil ; the soil 
and the landscape; soil analysis and soil 
surveys . Discoveries made by soil scien
tists, chemists, physicists, biologists and 
geologists are very skillfully brought to
gether in this authoritative and readable 
work by the former director of the 
Rothamsted Experimental Station, 
where much fruitful research has been 
performed on this complex and still lit-

tie-known department of natural history. 
M any fine photographs .  

AMERICAN VOTING BEHAVIOR, edited 
by Eugene Burdick and Arthur J .  

Brodbeck. The Free Press ($7. 50). Why 
do people vote the way they vote? The 
editors of this heavy volume have col
lected essays by various students of vot
ing behavior who report the latest re
searches in the field. The articles are not 
impressive . There are the usual weighty, 
long-winded demonstrations of the ob
vious : voters are prejudiced, irrational, 
neurotic, conformist, timid, stupid, sug
gestib�e ; some persons vote like their 
fathers, some rebel and vote the opposite 
of their fathers ; many voters simply 
don't care ; some believe what they read 
but many never read ; some are political
ly hypnotized by television-and so on 
and on.  The statistical data are inconse
quential ; the writing is jargon-laden and 
pretentious. Among the few interesting 
pieces is Brodbeck's clever comparison 
of certain features of electioneering with 
psychotherapy. But on the whole this is 
just another bowl of thick social-science 
porridge, concocted of the trivial and the 
trite . 

PROJECT SHERWOOD : THE U. S. PRO-
GRAM IN CONTROLLED FUSION, by 

Amasa S. Bishop ($5.75); U. S. RE
SEARCH REACTOR OPERATION AND USE, 
edited by Joel W.  Chastain, J 1'. ($7. 50); 
RADIATION BIOLOGY AND MEDICINE, 
edited by Walter D. Claus ($1 1 . 50); 
URANIUM ORE PROCESSING, edited by 
John W. Clegg and Dennis D. Foley 
($7. 50); THORIUM PRODUCTION TECH
NOLOGY, by F. L. Cuthbert ($6.50); 
SOLID FUEL REACTORS, by Joseph R .  
Dietrich and Walter H .  Zinn ($1 0.75); 
PHYSICAL METALLURGY OF URANIUM, 
by A. N .  Holden ($5.75); BOILING WA
TER REACTOHS, by Andrew W. Kramer 
($8. 50); FLUID FUEL REACTORS, edited 
by James A. Lane, H. G. M acPherson 
and Frank Maslan ($1 1 . 50); THE 
TRANSURANIUM ELEMENTS, by Glenn T.  
Seaborg ($7.50); SODIUM GRAPHITE 
REACTORS, by Chauncey Starr and Rob
ert W. Dickinson ($6.50); THE SHIP
PINGPORT PRESSURIZED WATER RE
ACTOR, written by Personnel of the Na
val Reactors Branch in the Atomic Ener
gy Commission, of the Westinghouse 
Electric Corporation and of the Du
quesne Light Company ($9 . 50). 

-
These 

volumes, prepared under the supervision 
of the Atomic Energy Commission, were 
presented in complete sets to the dele
gates to the Second International Con
ference on the Peaceful Uses of Atomic 
Energy, held at Geneva in September of 
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THERE IS ROOM FOR YOU 

IN CROSLEY'S INFRARED SYSTEMS 

One of the largest and fastest growing Infrared Systems 
departments in the country has Supervisory and Staff 

positions available for engineers and physicists. 

Areas of interest include long range programs to signifi
cantly advance the state-of·the-art in : 

Airborne Defensive Systems 
Airborne Early Warning 
AICBM Detection 
Reconnaissance and Surveillance 
Tracking and Track·While-Scan Systems 
Passive Ranging 
Anti-submarine Warfare 

MR. JAMES T. DALE 
Director - Scielltific alld Technical Personnel 

Avc°;'crosley 
1 329-N A R L I N GTON STREET, C I N C I N NATI 25,  O H I O  

P rofessiona l 

Tea mwork 

I n  t h e  f ie lds  o f  reco n n a i ssa nce a n d  
s u rvei  I l a nce the effective ut i  I iza
tion of i nfrared req u i res the con

centrated effort of both sc ient ists 
and engi neers. 

At AVCO / Cros l ey a n u m be r  of ex
c iti ng deve l o pments a re u n derway 
to extend the state-of-th e - a rt i n  
pract ica l a p p l i cat ions of bas ic I n
fra red tec h n o l ogy . C u rrent f i e l d s  
of i nterest i n c l ude reco n n a i ssa nce 
syste ms,  t r a c k i n g devi ces, and 
ra ng ing  e q u i p m e n t .  I l l ustrated 
a bove i s  one type of I nfrared Track  
a n d  R a n g i n g  U n it deve loped at  
Cros l ey. 

AVCO/ Cros l ey eng ineers are a n 
sweri ng the  pro b l e m  o f  space con
q u est t h rough the  design of sys
tems w h i c h  i n c l ude,  a mong oth e r  
devi ces, n e w  concepts o f  i nfrared 
detect i o n  e q u i pment .  
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N OTA B LE AC H I EV E M E N TS AT J P L • • • 

I n  A u g u s t  1 94 1 ,  A m e r i c a ' s  f i rst jet

a s s i st e d  a i r p l a n e  ta keoff w a s  a c co m 

p l i s h ed w i t h  a n  E rc o u p e  m o n o p l a n e ,  

u s i n g  J P L d e v e l o p e d  so l i d  p r o p e l l a n t  

rockets_ Scientists at J PL shortly d i scov

e red that a powdered perc h l o rate oxi

d izer, m ixed with a l i q uefied plastic fuel  

b i n der, cou l d  be cast d i rectly i n  plastic

l i n ed l ight-weight motor cases_  Thus a 

safe a n d  c h e a p  method was now ava i l 

a b l e  for prepa r ing l a rge i ntern a l - b u r n i n g  

com posite prope l l a n t  c h a rges_ T h i s  basic 

p rocess beca m e  t h e  fou n dation for the 

modern s o l i d  p ropel l a n t  i n d ustry_ 

I n  1 9 54 ,  U _  S_ A r m y  O r d n a n c e r e 

q u e s t e d  J P L t o  d e v e l o p  a c o m p a c t ,  

rugged long-ra n ge g u i d ed m is s i l e  wea

pon system that co u l d  be t ra n s ported , 

a i m ed a n d  fi red as s i m ply as a c a n n o n _  

W i t h i n  f i v e  y e a rs,  J P L p e rf e c t e d  t h e  

Sergeant, t h e  fi rst o f  America ' s  seco n d 

generation gu ided ba l l istic m i ss i les. I n  

J a n u a ry 1 9 58, c l u st e rs o f  s m a l l -s c a l e  

Sergeants h e l ped l a u n c h  America ' s  f i rst 

eart h  sate l l ite, the J PL b u i lt Explorer, 
w h i c h  provided vita l space envi ron ment 

i n formatio n .  

Now u n der t h e  d i rect ion of the N a 

t i o n a l  Aero n a utics a n d  S p a c e  Ad m i n i s

t r a t i o n ,  t h e  e x p e r i e n c e d  J PL resea r c h  

a n d  d e v e l o p m e n t  t e a m c o n t i n u e s t o  

a p ply so l i d  propel lant  veh i c l es f o r  space 

exploration.  

C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  

O P P O R T U  N I T !  E S  N O W  

O P E N  I N  T H E S E  F I E L D S  

J ET P R O P U LS I O N  LAB O RATO RY 
A Research F a c i l i ty  of  t h e  N a t i o n a l  Aero n a u t i c s  a n d  Space Adm i n i strat ion 

PASA D E N A ,  C A L I FO R N I A  

Ilrr.. A P P L I E D  M A T H E M A T I C I A N S · P H Y S I C I S T S · S Y S T E M S  A N A L Y S T S · C H E M I S T S · I B M · 7 0 4  P R O G R A M M E R S  
r E L ECTRON I C. M ECHAN I CA L .  CH EM I CA L ,  P RO P U L S I O N ,  I N STRUM E N TAT I O N . M I CROWAVE, A E R O N AU T I CA L  A N D  ST R U CTU R A L  E N G I N E ERS 
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last year. The 12 books offer a compre
hensive review of atomic-energy tech
nology in the last three years. Bishop's 
monograph gives a clear account of work 
done in the U. S. on thermonuclear re
actions.  Glossaries and excellent illus
trations help to make this book under
standable to the average reader. The 
other volumes in the series are addressed 
to specialists. A valuable and impressive 
record. 

T HE BmDs OF ALASKA, by Iran Gab
rielson and Frederick C.  Lincoln.  

The Stackpole Company ($1 5). A mas
sive natural-history compendium of 
some 900 closely printed pages describ
ing the various species of birds of Alas
ka, their range, haunts and habits . The 
information is drawn from the files of the 
Wildlife M anagement Institute, from 
other literature ( which is listed in an ex
tensive bibliography )  and from the ob
servations of the senior author, who has 
made many field trips over the entire 
Alaskan territory, studying and collect
ing birds and gathering data on bird life 
from Eskimos, Aleuts and travelers in 
the Arctic. The book is illustrated by 
color plates of average quality; they cov
er only a small fraction of Alaskan birds, 
which is disappointing in a volume other
wise so complete. 

FOUNDATIONS OF MATHEMATICS, by 
Carl H. Denbow and Victor Goe

dicke. Harper and Brothers ($6). A bet
ter-than-average textbook for the one
year course of college mathematics, 
which offers a brief survey not only of 
the usual bread-and-butter subjects but 
also of the philosophy of mathematics 
and of advanced topics of special inter
est such as group theory, the algebra of 
logic, and infinite sets . The authors have 
made no profound discoveries in peda
gogy nor toppled any sacred monu
ments, but they sometimes have a nice 
fresh way of presenting old ideas and 
problems so as to make them clearer 
than usual and even exciting.  

PERSPECTIVES IN VmOLOGY, edited by 
Morris Pollard. John Wiley & Sons, 

Inc. ($7). Twenty specialists report on 
recent progress in various fields of viro
logical research. Some of the papers are 
exceptionally stimulating in suggesting 
new lines of research on the relation of 
viruses to cancer and other diseases. To 
counterbalance the accepted notion that 
all viruses are destructive to their hosts, 
Rene Dubos in a delightfully conceived 
scientific and historical paper entitled 
"Tulipomania and the Benevolent Virus

" 

indulges himself in the "fantasy" that 

certain viruses are "now and then help
ful" to other living organisms. 

JET PROPULSION ENGINES, edited by O. 
E. Lancaster. Princeton University 

Press ($20). The latest volume in the 
High Speed Aerodynamics and Jet Pro
pulsion series considers the principles 
and problems encountered in combining 
components to form a complete jet en
gine. The subjects covered include the 
history of rocket propulsion, basic prin
ciples of jet propulsion, the turbojet en
gine, the turboprop engine, the ramjet 
engine, intermittent jets, solid-propel
lant rockets, the ram rocket, jet rotors, 
atomic energy in jet propulsion. 

Notes 

THE PRINCIPLES OF SCIENCE : A 
TREATISE ON LOGIC AND SCIENTIFIC 
METHOD, by W. Stanley Jevons. Dover 
Publications, Inc. ($2.98). A paper
back reissue of Jevons's celebrated work, 
first published in 1874. A new introduc
tion by Ernest Nagel considers how 
much of this dissertation on the method 
and logic of the phYSical sciences is still 
of value to the scientist and philosopher. 
Despite many limitations, the P1'inciples, 
says Nagel, "remains a richly instructive 
book." 

THE MEANING OF MEANING, by C .  K.  
Ogden and I .  A.  Richards.  Harcourt, 
Brace and Company ($2.25). The well
known Ogden and Richards study of the 
influence of logic upon thought and of 
the science of symbolism is now issued 
in a paper-bound edition. 

SEA SHELLS OF TROPICAL WEST 
AMERICA, by A.  Myra Keen. Stanford 
University Press ($12 . 50). A descrip
tive listing of 1 ,650 species of marine 
mollusks from southern California to 
Colombia. Notes on geographic distribu
tion, extensive bibliography, 1 ,500 illus
trations, including 10 pages of color 
plates. 

AUTOMATIC PROCESS CONTROL, by 
Donald P. Eckman. John Wiley & Sons, 
Inc. ($9). A study of automatic control 
with particular emphasis on process' con
trol. For engineers . 

THE M ENTALITY OF APES, by Wolf
gang Kohler. Vintage Books ($1 .25). 
Kohler's important book on animal psy
chology is issued in an inexpensive re
print. 

A CENTURY OF M OUNTAINEERING, by 
Arnold Lunn. The Macmillan Company 

How would you answer these questions 
for someone outside your field (your 
fam i ly, for instance): 

What is smog ma�e of? 
Why do people "see" flying saucers? 
How can tornadoes spread disease? 
How will our "vertical frontier" affect 

future space travel? 

BETWEEN EARTH and SPACE 
By Clyde Orr, Jr. 

Author of Fine Particle Measurement 
A real find . . .  this beautifully written. 
timely book answers these and hundreds 
of other questions in clear, non·technical 
language. Professor Orr conducts a fasci .. 
nating journey through our atmosphere 
explaining ' what it means to us in terms 
of climate and weather, supersonic Hight, 
gaseous and radioactive poisons and satel .. 
lite exploration. A "thoroly delightful 
book.'" declares the Chlcallo Sunday Trib
une. "0, that more scientists would write 
so interestingly." Illustrated $4.95 
Send for your t o·day approval copy! - - -- - - - - - - - - -

• THE MAC M ILLAN COMPANY. Dept. SA·2 • 
• 

60 Filth Avenue. New York 1 1 .  N. Y. 
• Please send me . . . . . . . • • . .  cO\lies of Orr: 

• BETWEEN EARTH AND SPACE @ $4.95. I t is • 
• ��

d
3:;�0��d 10�:

y
n�t

e
�I':;g� b��e��f:�s�o:i��� • 

• b i l l me. SAVE - enclose payment and we • 
• pay the del ivery charge. • 
• Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
• Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
• City . . . . . . . . . . . . . .  Zone . . . .  State . . • • • • • •  • 
• • 
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at
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S P A N I S H  ( o��u':.'�:��n ) - F R E N C H  
ITALIAN-GERMAN-RU'SSIAN-JAPANESE 
ICELANDIC - MODERN GREEK 
- any of 34 languages available AT HOME 
W ith L I N G U A P H O N E  The World·s Standard Conversational M ethod-You Start to SPEA K another language 
T OMORROW or IT COSTS Y O U  NO THIN G !  
I n  just 20 m i n utes a day, you and your family can 
learn another language w h i l e  relaxed AT HO:\fE
the same easy. natural way you learned to spea}{ 
English long before you went to school. 
O n ly L I N G U A P H O N E  brings 8 to 12 of the world's 
best native language teachers into your home. You 
hear both men and women converse about up-to
date, everyday matters in their native tongue. YOU 
listen-YOU understand-YOU SPEAK correctly 
as they do. It's like living in another land. 
T h at's why l i n g u a p h o n e  Is used 'round the world 
by SCientists, educators. governments and business 
firms. Over a mUllon home-study students of all 
ages have learned to speak another language this 
ideal, con versati o n a l  way. 
Send today for Free booklet that f u l l y  describes the 
Conversational  Method : a l so deta i l s  o n  how you may 
obtain a COM PLETE Course·unit in the l a n g uage 
you c hoose on FREE T R I A L .  
L i n g u a p h o n e  I n stitute, T·]Q69 R a d i o  C i t y ,  N .  Y. 20 .  

�;���;�;�;�------I 
I T·3069 Radio City. Now York 20, N. Y. I 
I b

le
DSe

e
ta���d

ol{tR�l���l.B�:. obligat.ion. of course. I 
I My language interest is . . . . . . . . .. . . . .... . . .. . ....... . .. . .  I 
I :'lame ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................... ....... .. I 
I Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I ci�orid;s ·Standir(i ·c«)ilv«!rsat'i·on�?nM·etho·l}aot:·oy·ir· · ·  I

I I Half a Century 
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( $6.75 ) .  A most attractively illustrated 
memoir by a noted mountaineer cele
brating the 100th anniversary of the 
famous Alpine Club, and recalling great 
climbing feats and climbers and the 
many controversies of mountaineering.  

PLANNING OF EXPERIMENTS, by D. R .  
Cox. John Wiley & Sons, Inc. ( $7.50 ) . 
An account of the ideas underlying mod
ern work on the statistical aspects of 
experimental design . 

THE VERTEBRATE STORY, by Alfred S .  
Romer. The University of Chicago Press 
( $7 ) . A radical revision of Romer's 
noted work Man and the Vertebrates, 
first published in 1933 and last revised in 
1 94 1 .  

OUR BIBLE AND THE ANCIENT M ANU
SCRIPTS, by Sir Frederic Kenyon .  Harper 
and Brothers ( $6.95 ) . A.  W.  Adams, an 
Oxford scholar, has completely revised 
this classical account, first published in 
:1. 895, of how the Scriptures have come 
to us, bringing it abreast of the most 
recent advances in knowledge by includ
ing the latest textual and archaeological 
discoveries. Forty-nine full-page plates. 
An engrossing book. 

THE FACE OF THE SUN , by H . W.  
Newton. Penguin Books ( 85 cents ) .  
This compact Pelican furnishes an ac
count of our knowledge of the surface of 
the sun, in particular the sunspots and 
their associated phenomena, from the 
time of Galileo to the International Geo
physical Year. 

THE ABC OF RELATIVITY, by Ber
trand Russell . George Allen & Unwin 
Ltd . ( 1 5 shillings ) .  This very attractive, 
characteristically lucid primer first ap
peared in 1 925 but has long been out of 
print. It is now reissued with numerous 
revisions by Felix Pirani. 

ATTIC RED-FIGURED VASES, by Gisela 
M. A. Richter. Yale University Press 
( $5 ) .  Revised edition of a fine hand
book on the activity of the Attic pot
teries. 

LANDSCAPES OF ALASKA, edited by 
Howel Williams. University of Califor
nia Press ( $5 ) .  An elegant, attractively 
illustrated book that describes in non
technical language the geologic evolu
tion of this vast and extraordinarily 
scenic land, whose features include the 
highest peak on the continent, desolate 
tundra, vast glaciers, fiords and enor
mous mountain ranges . 
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ACO U ST I C A  A S S O C I ATES.  I N C . . .  
Agen cy : Freedman & Hoss,  I n c .  

A E R O  S E R V I C E  C O R P O R AT I O N  . .  
Agenc y : T h e  A i t k i n . K y n e l l  C o . ,  I n c .  

A E R O J ET-GE N E R A L  C O R P O R AT I O N .  A S U B
S I D I A RY OF TH E G E N E R A L  T I R E  & R U B -

40 
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BER C O M P A N Y . .  . 1 72 
Age n c y : D ' A r c y  A d v e r t i s i n g  C o m p a n y  

A E R O N CA M A N U FACTU R I N G  C O R P O RA-

A:�'��' P��;; �;;;i H�;;;�k�;� In c .  
1 1  

A I N SW O R T H .  W M . ,  & S O N S .  I N C  . . .  1 64 
Agenc y : Walter L. S c h u m p ,  A d v e r t i s i n g  

A L L E N - B RA D L E Y  C O M P A N y  . . . . .  1 39 
Agenc y : T h e  F e n s h o l t  A d v e r t i s i n g  A g e n c y ,  I n c .  

A L L I E D  C H E M I C A L  C O R P O R AT I O N  . . . . . . . . . 1 30 . 1 3 1 
Agent: y : B e n t o n  & Bowles,  l : I e .  

A L P H A  C O R P O RAT I O N .  A C O L L I N S  R A D I O  
S U B S I D I A R Y  1 0  

Agen c y : D o n  L. Baxter. I n c .  

A M E R I CA N  B O S C H  A R M A  C O R P O RAT I O N .  
A R M A  D i V i S i O N  . . . .  

Agenc y : Doyle,  K i tc h e n  & M c C o r m i c k ,  I n c .  

A M E R I C A N  E D E LSTAA L .  I N C . .  U N I M AT D I V .  1 53 
Agen c y : Harold J. Siesel  C o m p a n y  

A M P EX C O R P O RAT I O N .  I N ST R U M E N TAT I O N  
D I V I S I O N  3 3  

Agenc y :  1\1c C a n n - E ri c k s o n ,  I l l e .  

A R G O N N E  N AT I O N A L  L A B O R AT O R y . . . . . .  . .  201  
Agenc y :  Gran t .J a c o b y  S t u d i o s .  I n c .  

AVCO C O R P O RAT I O N  . . . . . . . . . . .  6 , 7 
Agenc y :  B e n t o n  & B o wles,  I n c .  

AVCO C O R P O R AT I O N .  C R O S L E Y  D I V I S I O N  . . . 1 95 
Agc n c y : Hobert  A c o m b ,  I n c .  

BAS I C  B O O K S ,  P U B L I S H E R S . . .  . . . . . . . . . . .  1 86 
Agcn c y : W u n derman,  R i c o t t a  & K l i n e ,  I n c .  

B A U S C H  & LO M B  O P T I C A L  C O . . . . . .  1 4  
Agen c y : W o l ff  Associates,  I n c .  

B E C K M A N  I N ST R U M E N T S ,  I N C  . .  SC I E N T I F I C  
A N D  P R O C E S S  I N ST R U M E N TS D I V I S I O N  . . B7 

Agenc y : Charles Bowes Adve r t i s i n g ,  I n c .  

B E L L  T E L E P H O N E  L A B O RATO R I ES . . . . .  . 2 9  
Agenc y : N .  \V .  A y e r  & S o n ,  Incorporated 

B E N D I X  AV I AT I O N  C O R P O R AT I O N . . . . . 50 
Age n c y : l\lacManus,  J o h n  & Adams.  I n c .  

B E N D I X  CO M P U T E R  D I V I S I O N  O F  B E N D I X  
AV I A T I O N  C O R P O R AT I O N . . . . .  9 9  

Agenc y :  S h a w  A d v e r t i s i n g ,  I n c .  

B R I T I S H  I N D U ST R I ES C O R P O R AT I O N . .  . . . . . . . . . .  1 B2 
Agell c y : T h e  Ziowe Company I n c .  

C A R B O R U N D U M  C O M P A N Y .  T H E  . . . . . . . . . . . . . 1 22 . 1 2 3  
Agenc y : C .  1\1 .  Basford Company 

C E L A N E S E  C O R P O RAT I O N  OF A M E R I C A .  
C H E M I C A L  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 6 . 1 1 7  

Agen c y : E l l i nglon & C o m p a n y .  I n c .  

C E N T U RY E L ECT R O N I CS & I N ST R U M E N T S .  
I N C .  1 25 

Agen c y : A d v e r t i s. i n g  Enginecrs  

C O L L I N S  R A D I O  C O M P A N Y  . . . . . . . . l n s i d e  B a c k  Cover 
Agen c y : W .  D .  Lyoll C o m p a n y  ( I n corporated ) 

C O N S O L I D A T E D  E L ECTRO D YN A M I C S  C O R -
P O R AT I O N  . . . . . . . . . . . . . . . . . .  1 28 . 1 29 

Agen c y : H i xs o n  & J o rgensen,  I n c . ,  A d v c r t i s i n g  

CONTROLS C O M P A N Y  O F  A M E R i CA . . . . . .  23 
Agenc y : K l a n ·  Van P i e t e r s o m · D uniap,  I n c .  

C O N V A I R-AST R O N A U T I C S ,  D I V I S I O N  O F  
G E N E R A L  D Y N A M I C S  C O R P O R AT I O N  . . . . . 1 7B 

Agenc y : Barnes Chase Company 

C O O P E R- B ESS E M E R  C O R P O RAT I O N ,  THE . . . . . .  45 
Agenc y :  T h e  Griswold. Eshleman Co. 

C O���L L
O :������L

T lJ�I�Eis��?�A r.?��: 204 
Agency : Barber  & D r u llard I n c .  

C O R N I N G  G LASS W O R KS . .  84 
Agen c y : T h e  R u m r i ll Company I n c .  

C R I T E R I O N  M A N U FACTU R I N G  C O  . .  1 77 
Agenc y : E q u i t y  A d v e r t i s i n g  A g e n c y ,  I n c .  

DATA S Y N C .  A D I V I S I O N  O F  B E R N DT-BAC H ,  
I N C .  B5 

Agen c y : Van der B o o m ,  H u n t ,  ::\[cNaugh t o n ,  I n c .  

DAYST R O M  SYST E M S  D I V I S I O N  O F  DAY-
S T R O M ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 1 1 3  

Agency : T h e  P h i l l i p s ·  Ramsey Comj)any 

DU PONT DE N E M O U RS .  E.  I . .  & CO.,  I N C . ,  
P O LY C H E M I C A LS D E P A R T M E N T  

1 9 ,  1 01 ,  1 02 .  1 03 .  1 04 
Agenc y : B a t t c n ,  Barton,  D u r s t i n e  & Osborn,  I n c .  

EAST M A N  C H E M I CA L  P R O D U CT S .  I N C . ,  S U B
S I D I A RY O F  EAST M A N  K O D A K  C O M -
P A N Y  4 9  

Agen c )" : Fred W i t t n e r  Company 

EAST M A N  C H E M I C A L  P R O D U CT S .  I N C  . •  S U B
S I D I A R Y  O F  EAST M A N  K O D A K  C O M -
P A N Y .  C H E M I CA L S  D I V . . . . . . .  . .  1 67 

Agenc y : Fred W i l l n e r  C o m p a n y  

EAST M A N  KODAK C O M P A N Y .  75 
Agcn c y : T h e  R u m r i ll C o m p a n y  I n c .  

E D M U N D  SC I E N T I F I C  C O  . . .  1 79 
Age n c y : Walter  S. C h i t t i c k  Company 

ELECTRO N I C  A S S O C I AT E S ,  I N C . . . . .  . 
Agenc y :  Caynor & D u c a s ,  I n c .  

E R C O .  D I V I S I O N  O F  A C F  I N D U S T R I ES .  I N C . .  4 3  
Agenc y :  C o n t i  A d v e r t i s i n g  Age n c y ,  I n c .  

F I RST N AT I O N A L  C I TY T R U ST C O M PA N y. . . . . . . 3 6  
Agen c y : i\ l og u l  L e w i n  W i l l i a m s  & Saylor,  I n c .  

G A R F I E L D , O L I V E R . C O . ,  I N C . .  1 77 
Agen c y : D a n i e l  & Charles,  I n c .  

G E N E RA L  ATO M I C  D I V I S I O N  O F  G E N E R A L  
D Y N A M I C S  C O R P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 21 

Agenc y : Barnes Chase C o m p a n y  

G EN E R A L  D Y N A M I C S  C O R P O RAT I O N  
Back  C o v e r  

Age n c y : D '  Arcy Advc r t i s i n g  C o m p a n y  

G E N E R A L  E L ECTR I C  C O M P A N Y .  1 57 
Agcnc )' : B a l l e n ,  Barloll .  D ll rs t i n c  & Osbol"ll , I n c .  

G E N E R A L  E L ECTR I C  C O . ,  F L I G H T  P R O P U L-
S I O N  D I V I S I O N . .  . 1 80 

Agcnc y : D c u t s c h  & S h e a ,  I n c .  

G EN E R A L  E L ECTR I C  C O  . .  L I G H T  M I L I TA R Y  
E L ECTR O N I CS D E P A R T M E N T . . . .  1 8 3  

Agency : De Carmo I ncorporated 

G E��� L
D I

�m)O
N

R S
. 

C O R P O RAT I O N .  A L L I -
1 75 

Agenc y : K u d n c r  Agency,  I n c .  

G I LS O N  S L I D E  R U L E C O  . . .  . . . . . . . . . . . . .  1 80 

G O O D Y EA R  A I R C R A FT C O R P O RATI O N .  A 
S U B S I D I A RY OF T H E  G O O D Y EA R  T I R E  & 
R U B B E R  C O . . . .  1 93 

G RA P H I C  SyST E M S . . . . .  1 82 
Agenc y :  D i e n c r  & Dorskind I ncorpora l c d  

G R U M M A N  A I R C R A FT E N G I N E E R I N G  C O R-
P O RA TI O N  . . . . . . . . . . . . . . .  2 0 .  2 1  

A::::c n c y : F u l lc r  & S m i t h  & Hoss I n c .  

G U R L E Y .  W .  & L.  E . . . . . . . . . . . . . . . . . . . . . . . .  . 44 
Agenc y : F " c d  W i l l ner  Compa l l )  

H A RV A R D  U N I V E R S I TY P R ES S  . .  1 90 
Agenc y : F rankl i n  S p i c r ,  I n c .  

H A Y D O N .  A.  W . •  C O M P A N Y .  T H E  . . .  85 
Agc n c y : Cory S n o w ,  I n c .  

H ER C U L E S  P O W D E R  C O M P A N Y .  I N C O R P O -
R A T E D  80 

Agenc y : F u l l e r  & S m i t h  & Ross I n c .  

H EW L ETT-PA C K A R D  C O M P A N Y . . .  5 1  
Agenc y : L.  C .  Cole C o m p a n y .  I n c .  

H O O K E R  C H E M I C A L  C O R P O RAT I O N ,  D U R EZ 
P L A ST I C S  D I V I S I O N . .  . 35 

Agcncy : T h c  R u m rill  Company I n c .  

I N T E R N AT I O N A L  B U S I N ESS M A C H I N ES C O R -
P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1 , 1 61 

Agen c y : B e n t o n  & Bowles,  I n c .  
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I N T E R N AT I O N A L  N I C K E L  C O M PA N Y ,  I N C "  
� E  n 

Agenc y : �Iarschalk a n d  Pra l t  O i \' .  o f  
:M c C a n ll · E r i c k s o n ,  I n c .  

I N T E R N AT I O N A L  T E L E P H O N E  & T E L E G R A P H  
C O R P O R AT I O N  . . .  , 38 , 39 

Agen c y : J. AI . l\lulhes I n corporated 

J A E G E R S ,  A . .  , , 1 84 
Agency : Carol A d v e r t i s i n g  Agency 

J A N I T R O L  A I R C R A FT D I V I S I O N ,  S U R FA C E  
C O M 8 U ST I O N  C O R P O R AT I O N ." ,  4 

Agenc y : Odioruc I n d ustrial  Adve r t i s i n g ,  I n c .  

J ET P R O P U LS I O N  L A 8 0 RATO R Y ,  C A L l F O R ·  
N I A I N ST I T U T E  O F  T E C H N O L O G Y "  . 1 9 6  

Agenc y : S t e b b i n s  & Cochran 

J O H N S · M A N V I L L E  C O R P "  A S B ESTOS F I B R E  
D I V I S I O N  

Agency : J .  W a l t e r  T h o m pson C o m pany 

K E N N A M ETAL I N C . .  2B 
Agenc y : K e t c h u m ,  :\[ acLeod &. Grove,  1 1lI.; .  

K L I N G  P H OTO C O R P O RAT I O N ,  A R R I FLEX 
D I V I S I O N  44 

Agen c y : Advcrt i s i llg  Aides 

L I N D E  C O M PA N Y ,  D I V I S I O N  O F  U N I O N  
CA R B I D E  C O R P O RAT I O N " " " "  1 1 5  

Agen c y : J .  1\1. l\lathes,  Incorporated 

L I N DSAY C H E M I CA L  D I V I S I O N ,  A M E R I CA N  
POTASH & C H E M I CA L  C O R P O R AT I O N " 2 4  

Agen c y : C .  Fra n k l i n  Browl1,  I n c .  

L l N G U A P H O N E  I N ST I T U T E " .  ' 1 97 
Agenc y : The K a p l a n  Agency.  I n c . D i \, .  of l\logui 

L e w i n  '",' i H i a tUs & Saylor,  l l le .  

L I N K  AV I AT I O N ,  I N C "  A S U BS I D I A R Y  OF 
G E N E R A L  P R EC I S I O N  E Q U I P M E NT C O R· 
P O RAT I O N  . 1 63 

t\ gc n c y : Gaynor & D u cas, I n c .  

L I TT L E ,  A RTH U R  D "  I N C . .  " 
Agen c y : H e n ry A .  L u u d o n ,  A � I \'er t is ing,  I n c .  

LOC K H E E D  M I S S I L E S  A N D  S P A C E  D I V I S I O N ,  
L O C K H E E D  A I R C R A FT C O R P O RAT I O N  

1 6  

1 7 0 ,  1 7 1  
A g-c lw y : Hal  S t e b b i n s ,  I n c .  

L O S  A L A M O S  SC I E N T I F I C  L A B O RATO RY O F  
T H E  U N I V E R S I TY O F  CA L I FO R N I A ." " " ' ' ' ' ' '  200 

Agell l ' ) : Ward H i eks Advert is ing 

M AC M I L L A N  C O M P A N Y ,  T H E" "  
AgcIIl : Y : J .  M .  H i c kerson I n c .  

" 1 97 

M A G N AVOX C O M PA N Y ,  T H E " " .  " " , , " " "  1 27 
Agenc y : Chamberl i n · J u n k  A d v e r t i s i n g ,  I n c .  

M A LA Y A N  T I N  B U R EA U ,  TH E " "  . .  " . . . . . . . . . . . . . . . . . . . .  " 1 00 
Agency : Gray &. Rogers 

M A R C H A N T  C A L C U LATO R S ,  D I V I S I O N  OF 
S M I TH .C O R O N A  M A R C H A N T  I N C . .  1 37 

Agenc)' : F o o t e .  C o n e  & B e l d i n g  

M I T L I N C O L N  L A B O RA T O R Y . .  1 89 
,-\g e n e )  : H a ml o l p h  Associates  

M E L P A R ,  I N C "  A S U BS I D I A RY O F  W E ST I N G ·  
H O U S E  A I R  B R A K E  C O M P A N y  . . . . . .  " . . . .  " . . . . . .  3 7  

Agenc y : Larrabee Ass o c i a t es A d v e r t i s i n g  

M I N N EA P O L l S· H O N EYW E L L  
Agenc y : T h e  A i t k i n . K y n c t l  C o "  I n c .  

. . . . . . .  1 44 ,  1 45 

M I N N  EA P O L l S· H O N  EYW E L L ,  DA TAM A T I C  
D I V I S I O N  """ . . . . . . . . . . . . . . . . . . . . . . .  88 ,  89 

Agellt:y : Bat t e n ,  B a r t o n .  D u rst i n e 8. Osborn.  I l i c .  

M I N N ESOTA M I N I N G A N D  M A N U FACT U R· 
I N G  C O M P A N Y ,  M A G N ET I C  P R O D U CTS 
D I V I S I O N  ' "  """"""""""" 2 6  

Agenc y : Mac�lanus,  J o h n  & A dams.  I n c .  

M I T R E  C O R P O RAT I O N ,  TH E", 
Agen c y : D e u tsch & Shea,  I n c .  

" " " " " " " " "  1 8 1  

N AT I O N A L  C O M PA N Y ,  I N C  . .  "" ." .""" 25 
Agenc y :  Burton Browne Advertising 

N O RT H R O P  C O R P O RAT I O N . .  """ 1 65 
Agen c y : E r w i n  Wasey,  H U lhrauff & R y a n ,  I n c .  

N O RT O N  C O M PA N Y ,  R E FRACTO R I ES D I V I ·  
S I O N  2 7  

Agent.:) : J a m es Thomas C h i rurg Company 

N O RT R O N I C S ,  A D I V I S I O N  OF N O RT H R O P  
C O R P O R AT I O N  . .  """ . . . .  , , """" , ," , , , ' 1 3  

.-'ogenc )' :  E r w i n  Wasey, R U l h rauff & Ryan, I n c .  

N U C L EA R·C H I C A G O  C O R P O R AT I O N  " " " " " " ' "  4 8  
Agcn l' Y : Don Colvin & C o m p a n y ,  I n c .  

O A K  R I D G E  N AT I O N A L  L A B O RATO R I ES
I S OT O P ES D I V I S I O N  ( U N I O N  CA R B I D E  
C O R P O RAT I O N )  , 1 62 

.-\ge n q : 1 .  .\1 .  �Iathes I n c o rp o rat ed 

O P E R AT I O N S  R E S E A R C H  O F F I C E ,  T H E  
J O H N S  H O P K I N S  U N I V E R S I TY,  . . . .  "" , ,  . . . .  , "" , , '  1 66 

Agent.:) : .\1 .  B e l m o n t  Vcr Standig,  I n c .  

O X F O R D  U N I V E R S I TY P R ES S ,  I N C ,  """, ," , ,"  " ' "  1 92 
Agcnq : Den hard & Stewa r t ,  I n c .  

P A I L L A R D  I N C O R P O RAT E D . . . .  """"""""", 1 76 
Agent.: y : F u l ler  & S m i t h  & Ross I n c .  

P E R K I N · E L M E R  C O R P O RAT I O N  """ """"" ' "  " " "  1 58 
Agenc y : G. �1 .  Basford Company 

P F I ZE R ,  CHAS" & CO" I N C"  C H E M I C A L  
S A L E S  D I V I S I O N "  " ' "  1 5 1  

Agcnt: y : � l ac�ranus,  J o h n  & Adams, I n c .  

P H I LC O  C O R P O RAT I O N ,  G O V E R N M EN T  & 
I N D U ST R I A L  D I V I S I O N "  3 1  

Agen c y : :\Iaxwell .-\ssociales,  I n c .  

P H I L L I P S  C H E M I C A L  C O M P A N Y ,  A S U BS I D I ·  
A R Y  O F  P H I L L I PS P E T R O L E U M  C O M P A N Y  

Agenc y : Lambert & Feasley,  I n c .  

P I TTS B U R G H  LECT R O D R Y E R  D I V I S I O N ,  M c ·  
G R AW· E D I S O N  C O M PA N Y  . . .  " 1 66 

Agenc y : T h e  Griswold - Eshleman C o .  

P R I N C ET O N  U N I V E R S I T Y ,  J A M ES FO R R ESTAL 
R E S E A R C H  C E N T E R""""""""""""" . .  """"  . .  ""  . .  1 58 

. '\ ge n t') : H okar Corp.  Advertising 

P R I N C ET O N  U N I V E R S I TY P R ES S "  
AgelH' Y :  F r a n k l i n  Spier ,  I n c .  

"""" ""' "  1 93 

Q U ESTAR 82 

RCA S E R V I C E  C O M P A N Y ,  A D I V I S I O N  O F  
RA D I O  C O R P O R AT I O N  O F  A M E R i CA" . . . .  " 1 42 

:\ gc n c y : -\ 1 Palll Lef t o n  C o m p a n y ,  I n c .  

RA D I O  C O R P O RAT I O N  O F  A M E R I CA ,  D E· 
F E N S E  E L EC T R O N I C  P R O D U CTS " 79 

Agen c y : ,-\1 P a u l  Lefton C o m p a n y ,  I n c .  

R A M O·W O O L D R I D G E ,  A D I V I S I O N  O F  
T H O M P S O N  R A M O ' W O O L D R I D G E  I N C ", 1 56 

-\genc y : T h e  l\lcCart y C o .  

R A N D  C O R P O R AT I O N ,  T H E." . " . . . .  " . . .  " . " " " " "  . . .  " . , ,  
Agency : F l e t c h e r  Richards,  Calkins & H o l d e n ,  I n c .  

R A N S B U R G  E L ECTRO·COAT I N G  CORP . .  , 78  
A g e n , ' }  : H .  L. R oss,  A d ve r t i s i n g  

RAYT H E O N  C O M P A N Y " ,  
Agency : D o n a h u e  & C o e ,  I n c .  

RAYT H E O N  C O M PA N Y ,  G O V E R N M E N T  

1 5  

EQ U I P M E N T  D I V I S I O N "  "" , ," , , """"" ' "  1 69 
Agency : D o n a h u e  & C o e ,  I n c .  

R E P U B L I C  AV I AT I O N  C O R P O R AT I O N "  ' 1 59 
Agency : D e u tsch & Shea. I n c .  

S A N D I A  C O R P O R AT I O N " ,  
Agency : Ward H icks Advertis ing 

, , 1 85 

SAVE T H E  C H I L D R E N  F E D E RAT I O N "  . 97 
Agenc y : 1\lonroe F .  Dreher, J Il C .  

S E RVO C O R P O RAT I O N  O F  A M E R I CA " , , ,  1 7  
Agency : S m i t h ,  W i nters M a b u c h i ,  I n c .  

S H E L L  C H E M I CA L  C O R P O RAT I O N  
I n s i d e  Front C o v e r  

Agenc y : j .  Waller T h o m p s o n  C o m p a n y  

S I G M A  I N ST R U M E N T S ,  I N C."""" . . . . .  " . . . .  " . .  " . . .  , , '  77 
Agency : C ulver Advertis ing,  I n c .  

S I N G E R  M A N U FACTU R I N G  C O M PA N Y ,  T H E ,  
M I L ITARY P R O D U CTS D I V I S I O N ."" 34 

Agency : O .  S .  Tyson a n d  Company,  I n c .  

S O L A R  A I R C R A FT C O M PA N Y" . " ,  83  
Agenc y : T h e  P h i l l i p s . Ramscy C o m p a n y  

S Y L VA N I A  E L ECT R I C  P R O D U C T S ,  I N C "  S Y L ·  
VA N I A  E L ECT R O N I C  SYST E M S  D I V I S I O N  32 

Agen c y : J.  Walter Thompson Company 

S Y LVA N I A  E L ECT R I C  P R O D UCTS,  I N C "  S E M I ·  
C O N D U C T O R  D I V I S I O N . . 41 

A;,,:-c l l ! 'Y : J .  \V a l l e r  Thompson C o m p a n y  

S Y LVA N I A  E L ECT R O N I C  SYST E M S ,  A D I V I ·  
S I O N  O F  S Y LVA N I A  E L ECTR I C  P R O D ·  
U C T S ,  I N C  . .  " " " ,  """""" """ " . . . . . . . . , " " " " ' "  1 91 

Agency : D e u t s c h  & Shea,  I n c .  

S Y S T E M  D E V E LO P M E N T  C O R P O RAT I O N  . . .  2 0 2 ,  203 
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At Los' Alamos, the many-faceted field of engi

neering offers inspiration to skilled, imaginative 

professionals. Fascinating design and development 

projects in chemical, metallurgical, electrical and 

mechanical engineering are a vital part of the 

Laboratory's diversified research program. And 

engineering is just one of the many scientific ac

tivities in which far-seeing men and women find 

a challenge at the Laboratory of the future. 

For employment information, 

write to: Personnel Director 

Division 59·60 
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BIBLIOGRAPHY 
Readers interested in further 1'eading 

on the sub;ects covemd by mticles in 
this issue may find the lists below helpful. 

ROCKET ASTRONm1Y 

HIGH AL TlTUDE ROCKET RESEARCH. 

Homer E. Newell, Jr. Academic Press, 
Inc., 1953. 

PHYSICS AND MEDICINE OF THE UPPEH 

ATMOSPHEHE. Edited by Clayton S. 
White and Otis O. Benson, JI'. Uni
versity of New Mexico Press, 1952. 

ROCKET EXPLORATION OF THE UPPEH 

ATMOSPHERE. Special Supplement 
(Vol. I ) to The Journal of Atmos
pheric and Terrestrial Physics. Edited 
by R. L. F. Boyd and M. J. Seaton. 
Pergamon Press, Ltd., 1954. 

ROCKET OBSERVATIONS OF THE IONO
SPHEHE. Herbert Friedman in Pro
ceedings of the IRE, Vol. 47, No. 2, 
pages 272-279; February, 1959. 

THE SUN AND ITs INFLUENCE. AN INTHO
DUCTIOX TO THE STUDY OF SOLAR
TERRESTHIAL RELATIOKS. M. A. Elli
son. Routledge and Kegan Paul, Ltd., 
1955. 

AN ANCIENT GREEK COMPUTEH 

DER ASTROLABOS YO" AKTIKYTHEHA. P. 
Rediadis in Das Athener Natiollal
museum, Vol. 1, pages 43-51, plates 
IX,X; 1908. 

SUH L'INSTRUMENT EN CUIVHE DOXT LES 

FHAGMENTS SE TROUYENT AU MUSEE 
AHCHEOLOGIQUE D'ATHENES ET QUI 
FUT RETIRE DU FOND DE LA MEH 
D'ANTICYTHEHE EN 1902. J. Theofani
dis in Pmktika tes Akademias Athenon, 
Vol. 9, pages 140-153; 1934. 

ART SALVAGED FROM THE SEA. George 
Karo in Archaeology, Vol. I, No . 4 , 
pages 179-185; December, 1948. 

THE ASTHOLABE OF THE NEEDLE-MAKER 
OF ISFAHAN. Robert T. Gunther in 
The Astrolabes of the World, Vol. I, 
pages 118-120; Oxford University 
Press, 1932. 

GREEK ASTHOLABES. Robert T. Gunther 
in The Astrolabes of the World, Vol. I, 
pages 53-59; Oxford University Press, 
1932. 

HEAVEKLY CLOCKWOHK. THE GREAT 
ASTHONOMICAL CLOCKS OF MEDIEY AL 

CHINA. Joseph Needham, vVang Ling 
and Derek J. de SoIla Price. Cam
bridge Univ�rsity Press, 1959. 

PRECISION INSTRUMENTS TO 1500. Derek 
J. Price in A History of Technology, 
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nuclear sciences 

• 

• 

• 

Problems carried to completion on 

Argonne's computers have contributed to 

the design of nuclear reactors, the design of the 12.5 

Bev Zero Gradient Synchrotron, the theory of 

nuclear structure and reactions, and to basic chemical and 

biological theory. These computations are made 

possible by investigations into the mathematical 

foundations of basic theories, and examinations 

of new techniques in applied mathematics 

�'�onne and numerical analysis. Computer and automation 
, t 

research at Argonne have contributed to the experimental /" 
sciences through the design and operation of large �TIONAL LABORATORY" 

scale data recording and data reduction systems. contract with t�:t;�W:db$t�:sUA\�e���YE����i�;��r:s��� 

In order to serve the mathematical needs of its scientists 

and engineers, Argonne operates an analogue computer, 

PACE; an IBM 704; and GEORGE, a digital computer 

designed and constructed at the Laboratory. 

PROFESSIONAL PLACEMENT 

P._O. BOX 299-N5 

LEMONT, ILLINOIS 

STAFF POSITIONS AVAILABLE FOR QUALIFIED Physical Metallurgists, 
Chemical Engineers, Physicists, Mechanical Engineers, Metallurgical Engineers, 

Chemists, Electrical Engineers, Mathematicians, Technical Writers 
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edited by Charles Singer, E. J. Holm
yard, A. R. Hall and Trevor I. Wil
liams, Vol. III, pages 582-619; Claren
don Press, 1957. 

LOVE IN INFANT MONKEYS 

THE DEVELOPMENT OF AFFECTIONAL 
RESPONSES-IN INFANT MONKEYS. Har
lY F. Harlow and Robert R. Zimmer
mann in Proceedings of the Ame1"ican 
Philosophical Society, Vol. 102, pages 
501-509; 1958. 

THE NATURE OF LOVE. Harry F. Harlow 
in American Psychologist, Vol. 12, 
No. 13, pages 673-685; 1958. 

BEER 

THE ART AND SCIENCE OF BREWING. 

C. A. Kloss. Stuart and Richards, 
1949. 

BEER HAS A HISTORY. Frank A. King. 
Hutchinson's Scientific and Technical 
Publications, 1947. 

THE BIOCHEMISTRY OF BREWING. I. A. 
Preece. Oliver & Boyd, 1954. 

BREWING: SCIENCE AND PRACTICE. H. 
Lloyd Hind. Chapman & Hall, Ltd. 
1938. 

SELF-REPRODUCING MACHINES 

ARTIFICIAL LIVING PLANTS. Edward F. 
Moore in Scientific American, Vol. 
195, No. 4, pages 118-127; October, 
1956. 

COMPUTABILITY AND '\-DEFINABILITY. 
A. M. Turing in The Journal of Sym
bolic Logic, Vol. II, No.4, pages 153-
163; December, 1937. 

THE GENERAL AND LOGICAL TlIEORY OF 
AUTOMATA. John von Neumann in 
Cerebral Mechanisms in Behavior, 
edited by Lloyd A. Jeffress, pages 
1-41; John Wiley & Sons, Inc., 1951. 

MAN VIEWED As A MACHINE. John G. 
Kemeny in Scientific American, Vol. 
192, No. 4, pages 58-67; April, 1955. 

THE ORIGINS OF LIFE. J. B. S. Haldane 
in New Biology, No. 16, pages 12-27; 
April, 1954. 

JUNCTION-DIODE AMPLIFIERS 

Low-NOISE IN SOLID-STATE PARAMET
RIC AMPLIFIERS AT MICROWAVE FRE
QUENCIES. vV. E. Danielson in Journal 
of Applied PhYSiCS, Vol. 30, No. 1, 
pages 8-15; January, 1959. 

THE PARAMETRIC AMPLIFIER. F. S. 
Harris in CQ, Vol. 14, No. 11, pages 
74-75; November, 1958. 

THE POTENTIAL OF SEMICONDUCTOR 
DIODES IN HIGH-FREQUENCY COMMU
NICATIONS. A. Uhlir, Jr. in Pl'Oceed-
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Fellow Engineers and Scientists:' 

My company has asked me to tell you of the unusual opportunities in 
operations research at System Development Corporation. These range 
from positions for engineers and scientists who would like to develop 

their skills working in a team under an experienced leader to opportunities 
for those who are looking for positions of leadership. I hope that the 

following account of our work will lead you to inquire for further information. 

Briefly, SDC's business is automated decision-making systems. More 
fully, we develop large scale, computer-based information processing 
systems in which the computer is used as an on-line, centralized control 
element for a system operating in real-time. At this stage of the art these 

systems are semi-automatic, the man-machine type in which man shares 

the repetitive control function with the computer. Our work is concept

oriented, rather than hardware-oriented, and deals with problems of over-all 
system deSign, data processing development, and man-machine 
system training. 

The most fully developed large-scale semi-automatic system is the 
SAGE (Semi-Automatic Ground Environment) Air Defense System. We 
have a major responsibility in the development of SAGE. Our experience 

and unique team skills have led to diversification of our activities; we now 
have important contracts for other major military and government systems 
vital to our country. The demand for our services is reflected in our growth 

from 70 to more than 2,700 employees since 1955, and the intriguing 
possibilities of automated decision-making are only beginning to be realized. 

In this brief message, I can only suggest the variety of operations 
research problems at SDC. Perhaps the most important point is that this 

variety is limited only by the imagination and initiative of our scientists. 

Some examples of areas of work are: (1) allocation of decision-making 
functions between man and machine for optimal system performance; 

(2) measures of system capacity and systeitl performance; (3) exploration 
and evaluation of design changes by operational gaming; (4) quality control 
and testing of operational computer programs; (5) allocation of computer 

capacity among several system functions; (6) scheduling and costing of 

production of operational computer programs; (7) optimal assignment of 
mixed weapons to targets. 

SDC recognizes the importance of a well planned research program for 
the vitality and future of the company, and we are carefully organized to 
carry out such a program. The following are some areas our operations 
research people are involved in: (1) simulation and operational gaming 
techniques in problems of control systems; (2) information retrieval and 

theory of information processing; (3) medical data processing; (4) universal 
language for computer programming; (5) logistics. We have unusual 
facilities for research at SDC-these include one of the largest computer 
facilities in the world and outstanding simulation laboratories. 

We have given considerable thought to organizing the activities at SDC to 
provide for professional development and self-expression. Operations 

research professionals are carefully assigned so that their individual 
talents are matched with company needs. These assignments are reviewed 
regularly to make sure that developing talents are directed into new 
company opportunities. We regard the publication of research articles and 
participation in professional societies as activities important to the 
company. We encourage new ideas and provide the time and means to 

explore them. 

SDC is one of the leaders in a field which will have a remarkable 
technological and scientific development. It is a new and vigorous company 
with a bright future. I encourage you to join us. 

Please write Mr. R. W. Frost at the address below if you wish to pursue 
this invitation. 
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William Karush 

Assistant Director for Research 

Operations and Management Research 

System Development Corporation 
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FUTURE 

LIMITED "122'"ARFA..:RE 

SUBJECT OF A SEARCH FOR 

NEW KNOWLEDGE AT 

CORNELL AERONAUTICAL 

LABORATORY 

The free worId's"ability to quickly stamp out a limited war can mean 
the avoidance of a catastrophic total conflagration. Its accomplishment 
calls for new concepts in the areas of quick desrruction, wide dispersal 
of relatively small forces, highly creative use of camouflage, great 
mobility of troops and weapons, the development of small, highly flexible 
missiles, as well as anti-missile weapons and the ability to capitalize on 
the cover a,fforded by night and bad weather. Today an important seg
ment of C.A.L.'s technical know-how is devoted to these tasks. Current 
studies include Close-Support Weapons Systems, Tactical Air Weapons 
Studies, Combat Zone Air Defense, Reconnaissance and Surveillance, 
Combat Control Systems and Combat Area Mobility. C.A.L.'s searching 
look into the battlegrounds of the future includes more than a dozen 
research and development projects inherent in the problems of limited 
warfare. They are problems that offer attractive opportunities for engineers 
and scientists. If you are interested in becoming a member of one of OUf 

small, closely knit research teams working on far-reaching scientific 
and technological programs, write today for a free copy of our factual, 
illustrated employment prospectus entitled "A Community of Science." 

• 

FREE 
REPORT 

CORNELL AERONAUTICAL LABORATORY. INC . 
of Cornell University 

Buffalo 21, N.Y. 

I------------------------� 

J. S. Ruch L.W. 

CORNELL AERONAUTICAL LABORATORY. INC. 
Buffalo 21, New York 

Please send me a copy of uA Community of Science" 

Name 

Street 

City Zone state 

o Please include employment information. 

�------------------------� 

ings of the IRE, Vol. 46, No.6, pages 
1,099-1,115; June, 1958. 

WORM AUTOBIOGRAPHIES 

THE MECHANISM OF PROBOSCIS MOVE

MENT IN ARENICOLA. G. P. Wells in 
The QlIarle1'ly Jotlmal of Microscopi
cal Science, Vol. 95, Part 2 (Third 
Series, No. 30) pages 251-269; June, 
1954. 

THE SOURCES OF ANIMAL BEHAVIOUR. 
G. P. W'ells. An Inaugural Lecture 
Delivered at University College Lon
don, 5 May 1955. Published for the 
College by H. K. Lewis & Co., Ltd., 
1955. 

SPONTANEOUS ACTIVITY CYCLES IN POL
YCHAETE WORMS. G. P. Wells in 
SympOSia of the Society fo1' Experi
mental Biology, No. IV, pages 127-
140; 1950. 

PRIMITIVE KINSHIP 

AFRICAN SYSTEMS OF KINSHIP AND MAR
RIAGE. Edited by A. R. Radcliffe
Brown and Daryll Forde. Oxford Uni
versity Press, 1950. 

CUSTOM AND CONFLICT IN AFRICA. Max 
Gluckman. Basil Blackwell, 1955. 

THE FATHER IN PRIMITIVE PSYCHOLOGY. 
Bronislaw Malinowski. Kegan Paul, 
Trench, Trubner & Co. Ltd., 1927. 

SOCIAL ORGANIZATION. Robert H. Lowie. 
Rinehart & Company, 1948. 

STRUCTURE AND FUNCTION IN PRIMITIVE 
SOCIETY. A. R. Radcliffe-Brown. 
Cohen & West Ltd., 1954. 

WE, THE TIKOPIA. Raymond Firth. 
American Book Company, 1936. 

THE WEB OF KINSHIP AMONG THE TAL
LENS!. Meyer Fortes. Oxford Univer
sity Press, 1949. 

MATHEMATICAL GAMES 

EXPERIENCE AND PREDICTION. Hans 
Reichenbach. University. of Chicago 
Press, 1938. 

JOHN DEWEY. Bertrand Russell in A His
tory of Westem Philosophy, pages 
"819-827. Simon and Schuster, Inc., 
1945. 

THE MEANING OF TRUTH. A SEQUEL TO 

"PRAGMATISM." William James. Long
mans, Green, and Co., 1909. 

THE AMATEUR SCIENTIST 

INTRODUCTORY NUCLEAR PHYSICS. David 
Halliday. John Wiley & Sons, Inc., 
1955. 

LECTURE SERIES IN NUCLEAR PHYSICS. 

E. M. McMillan et al. Government 
Printing Office, 1947. 
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complete instrumentation 
for NASA's 

Project Mercury 

COLLINS RADIO COMPANY CEDAR RAPIDS, IOWA 

The reality of McDonnell's manned satellite will be a 
great milestone in NASA's exploration of space. Collins 
Radio Company is extremely proud to participate in 
Project Mercury by supplying the complete electronic 
system. This consists of orbital radio voice 
communication, a command system for radio control, a 

telemetry data system, a Minitrack beacon system, 
a transponder beacon system for precision tracking, 

and a rescue radio voice and beacon system. 
Other Collins space electronic projects include the 

communication·navigation system for the X-15, moon relay 
communication studies, and satellite tracking facilities. 

DALLAS, TEXAS .. BURBANK, CALIFORNIA 
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Problems of Survival: World population-1.094 million in 1850; 1,550 million in 1900; 2,500 million in 1950; 6,300 million in 1999. On earth, under the sea, in outer space, with what shall we be fed? 
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