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Change of color changes properties: Spectrophotometers and 
color computers help to control color in M&T vinyl coatings to 
within one McAdam unit. But change colors significantly and 
you often change physical properties, as indicated above. Here 
human capability comes in. Putting experience to work, M & T 
chemists often come up with entirely' different formulations for 
two colors to have the same physical and chemical properties. 

How to keep color under strict control: Only the most skilled 
color matcher can detect color variations of less than 1 N.B.S. 
unit in ceramic tile. Nevertheless, control to 1 N.B.S. unit isn't 
good enough for many tile producers. To meet standards such 

Which panel has the most color pigment?: The answer: they 
all contain the same amount. And that's the basis for the current 
M& Twork with antimony-based flame retarders. Our chemists have 
developed six types to match color requirements. Each one has 
high flame retardancy. Main difference is in amount of tinctorial 
strength. Result: users of M&T flame retarders save on costly 
color pigments for deep colors or improve translucency in others. 

as these, M&T completely controls the uniformity of its Ultrox® 
ceramic opacifiers so that test glazes checked by colorimeter will 
have color variations of less than 0.5 N.B.S. units. This minute 
variation is well below the normal levels of visual perception. 

M& T works with chemical and physical 
properties, such as color, in many mate­
rials. M& T capabilities may help solve 
your problems in chemistry, ceramics, 
plating , organic coatings , minerals and 
welding. Write M&T Chemicals Inc., 
General Offices, Rahway, New Jersey. 

M &T Chemicals Inc. 
FORMERLY METAL& THERMIT CORPORATION 
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"Self-Tying TY-RApT"" is its name. 
We would like to send you a sample. 

Not a "sophisticated device" - but rather a practical, 
new concept for fastening. Wherever the bundling of 
wire, cable or tubing is made with string, tape or 
miscellaneous clamps, TY -RAP offers economies. Our 
customers have recorded cost reductions from 40% 
to 60%. An engineer on the West Coast reported 
$155,000 in cost reductions for a 12-month period. 

TY-RAP products provide a complete cabling system 
which enhances the appearance of all equipment wir­
ing. It consists of color-coded ties, clamps and identi­
fication plates. Hand and air tools are available for 
high-speed production. The fabrication of harnesses 
and tying cable bundles can be put on a measurable 
basis. Appearance, workmanship, reliability and cost 
can now be evaluated in engineering terms. Training 

SLIP ON 

TY·RAP 

PULL TIGHT IDENTIFYING 

IT'S TIED 
",. 9 

CLAMPING 

time is cut by 70%, 46 sizes of clamps eliminated from 
inventory and harnessing time improved 40% to 60%. 

If your firm uses wiring or tubing, there are uses for 
TY-RAP cable ties and straps. The TY-RAP cable 
tie is a nylon strip, engineered to securely lock around 
anything from :y, 6" to 4" in diameter - quickly, 
neatly and more economically 
than anything presently avail­
able. Remember it almost ties 
itself - and also meets MIL 
specs (no matter who does 
the tying). 

Write to the Thomas & 
Betts Co., TY-RAP Section, 
Elizabeth, New Jersey for 
your sample and evaluate 
this new cost reduction 
method. PATENT PENDING 

SOLD COAST·TO·COAST THROUGH T&B AUTHORIZED DISTRIBUTORS 

THOMAS & BETTS 
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In 
radar 
terrain 
analysis 

Eight radar antennas to 9' diam­

eter ride this 50' anechoic arch 

at the Army Engineer Water­

ways Experiment Station in 

Mississippi. For the Engineers, 

TI's Geosciences department is 

conducting radar terrain analysis 

studies which will have military 

application and futur e use in 

extraterrestrial exploration. 

W rite for detailed description. 

Geophysicists and Engineers: For details � on careers with this equal op-

7J portunity employer, contact 

the Personnel Director. 

TEXAS INSTRUMENTS 
IN CORP OR A T E D  

SCIENCE SERVICES DIVISION 
900 EXCHANGE BANK BUILDING 

DALLAS 35. TEXAS 

THE COVER 

The photograph on the cover shows an experimental apparatus for measur­
ing the contraction of collagen fibers at varying temperatures (see "The 
Aging of Collagen," page 104) . The fibers, with weights attached (center), 
are immersed in a bath of Ringer's solution, which in turn rests in a heating 
bath. The object at lower left is a heating coil. The extent of contraction 
is measured by means of the microscope and scale arrangement at right. 
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THE WIDENING IMPACT 
of ALLIS-CHALMERS 
engineering & d�velopment 
is being felt in a growing 
number of new products 
that will help y'ou share in 
a better future. 

) 
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The scientist today is one-half business executive ••• 

Are you neglecting your business half? 

I 

TODAY the physical world of the scientist and 
the economic world of the businessman are 

converging. Scientists like yourself are required to 
deal with administrative matters, to solve prob­
lems in finance, marketing and personnel. 

But how can you possibly select the valid and the 
pertinent from the tremendous flow of published 
materials in these areas? We should like to sug­
gest a solution: enrollment in a program for sci­
entists with new and pressing management re­
sponsibilities. 

The Executive Program 
The Executive Program is a joint effort by promi­
nent executives and educators to bring the most 
authoritative and useful business books to your 
personal attention. 

Each month, a distinguished Editorial Advisory 
Board identifies the most important books cn 
areas of current management interest and re­
search. These selections will help you deal con­
fidently with the business problems and manage­
ment decisions that most directly affect your work. 

Books are offered to you at reduced Member's 
Prices. (You save up to 50% on the books you 
need!) Your only obligation is to accept as few 
as three selections within the next twelve months 
from the books chosen by the Board. And bonus 
credits on every purchase enable you to receive 
other new books through the Program entirely 
without charge. 

To become a member in the Program, simply fill 
in the coupon below, indicating your first selec­
tion from the eight shown at the right. We will 
send this book-plus your FREE INTRODUC­
TORY GIFT of The World of Business-without 
delay. 

SPECIAL NOTE: Your company may want to take 
advantage of the many benefits of The Executive 
Program. Corporate Group Memberships are 
available that will give your company a profitable 
program of executive development. Check coupon 
below for further details. 

MEMBERSHIP FO RM 

ITo: The Executive Program 

I 59 Fourth Avenue, New York 3, N. Y. 

I Please enroll me as a Member and send immediately my 
Introductory Gift, The World of Business, plus my first 

I selection at reduced Member'S Price. I will be kept in­
formed of all new selections, but I need accept only as few I as three selections during the next 12 months. There is no 

I charge whatsoever for Membership. 

I First Selectionl ______________ _ 

1------------------------

I Additional Selectionl ____________ _ 

IName .............................................. . 
I Firm ............................................... . 
I Address ........................................... . . 

I Cily ........................ Zone .... State ........... . 
I 0 Please send me further information on the ad- I 
I vantages of Corporate Group Membership. I 
�-----------------� 

Choose Your First Selection from Among 
These 8 Important Business Books 

FINITE MATHEMATICS WITH BUSINESS 
APPLICATIONS, by Kemeny, Schliefer, 
Snell & Thompson. New mathematical 
concepts to improve decision-making in 
finance, marketing, production, etc. 

LIST PRICE $10.60 
Member's Price $7.95 

THE FATE OF EDSEL AND OTHER BUSI­
NESS ADVENTURES, by John Brooks. 
Revealing, skillfully told stories of 
American business: the Edsel story; 
Walter Gutman and Wall Street; the 
growth of Piggly Wiggly, and others. 

LIST PRICE $4.50 
Member'. Price $3.95 

COST AND BUDGET ANALYSIS, by John 
Dearden. Useful survey of managerial 
accounting and budget control and their 
vital importance to sound administrative' 
and planning decisions. 

LIST PRICE $6.00 
Member's Price $4.95 

MARKETING: A SCIENTIFIC APPROACH, 
by Edward Bursk. Up-to-date approaches, 
concepts and tools of market research. 
With actual ease studies of marketing 
problems. LIST PRtCE $10.00 

Member's Price $7.50 

AN INTRODUCTION TO ELECTRONIC 
DATA PROCESSING, by Nell & Hetzler. 
A. lucid and thorough introduction to 
the modern computer in business: tech­
niques, personnel aspects of computer 
research, etc. LIST PRICE $6.75 

Member's Price $4.95 

CORPORATION FINANCE, by Eli Schwartz. 
What every manager should know about 
analyzing balance sheets, P & L state­
ments, debt management, and handling 
internal financial operations. 

LIST PRICE $9.50 
Member's Price $6.95 

SYNECTICS, by William J. J. Gordon. 
A new method of directing creative po­
tential to the solution of technical and 
theoretical problems. With transcripts 
showing how this method is actually 
used by management. LIST PRICE $4.50 

Member's Price $3.95 

INTRODUCTION TO OPER ATIONS RE­
SEARCH, by Churchman, Ackoff & Arnoff. 
The most highly regarded introduction 
to operations research, by experts in the 
field. Thorough treatment of major OR 
techniques. LIST PRICE $12.00 

Member's Price $7.95 

Editorial Advisory Board 
Chairman: 
COURTNEY BROWN 

Dean, Graduate School of 

Business, Columbia University 

PERCIVAL BRUNDAGE 

Price Waterhouse & Co. 

ARMAND G. ERPF 

Carl M. Loeb Rhoades & Co. 

LORD HEYWORTH 

Members 

Editorial Coordinator: 
LEONARD SAYLES 

Professor, Graduate School of 

Business, Columbia University 

GILBERT W. CHAPMAN 

Yale & Towne Mfg. Co. * 

MARION FOLSOM 

Eastman Kodak Co. 

CLARENCE RANDALL 

Unllever Ltd. * Inland Steel Company* 

GEORGE P. SHULTZ 

PLUS! 

Dean, Graduate School of Business', University of Chicago 
* Formerly Chief Executive Officers 

An Extraordinary INTRODUCTORY GIFT 

YOURS FREE - the 4· Volume Boxed Set 

THE WORLD 
OF BUSINESS 

Over 2700 Pages Illuminating Eve�y 
Conceivable Aspect of the World of Busmess ... 

More Than a Million Words of Text ... 
Hundreds of Rare Old and New Drawings, 

Half-tones, and Facsimiles 
Edited by E. C. Bursk, R. W. Hidy 

and D. T. Clark of the 
Harvard School of Business 

JUST PUBLISHED AT $29_95 

THE EXECUTIVE PROGRAM /59 Fourth Avenue, New York 3 
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At Hamilton, there's almost nothing to 
it (if you consider ultra-thin foil rolled 
to 80-millionths as almost nothing.) 

Braggadocio? 

Perhaps. But we think we have a 
right to brag about our precision metals 
capabilities. For years, we have been 
doing precision processing of hard-to­
work alloys other companies wouldn't 
touch-or did touch, and failed. That 
goes for custom alloys as well as 
"standards" like Beryllium Copper, 
Columbium, Molybdenum, Stainless 
Steels, Zirconium, Hafnium, Nickel-bose 
alloys and some !like Havar and Elinvar 

Extra) we developed in our metallur­
gical laboratories. 

As you can imagine, unless a company 
knows how to handle costly ingots, a 
greot deal of money could disappear 
into the melting furnaces. Consider 
magnetic alloys. Recently we took a 

$500 ingot through our fully integrated 
processing facilities and transformed 

it into ultra-thin foil .000125" thick. In 
the process we increased the value of 
this metal a hundred-fold. Value, of 

course, is a reflection of the ultimate 
product's usefulness to the company 

that needs it, not the cost of the basic 
material ... but how many $50 0 ingots 
can you afford to waste? 

At Hamilton, our rejection rate for 
ultra-thin precious metal-rolled or 
drawn to precise specifications-is less 

than two percent! 

How do we do it? 

For one thing, Hamilton has been 
a fine watch manufacturer for three­
quarters of a century. We were thinking 
and working in very precise terms long 
before the electronics industry-or 
anyone else, for that matter-creoted 
a real need for production quantities 
of ultra-thin foil or ultra-fine wire. Now 

strain gages, delay lines, diaphragms, 
traveling wave tubes and other com­
ponents of sophisticated equipment de­
mand our attention . . .  and who can do 

the job better than thoroughly skilled 
men who learned about metallurgy in 
the fine-quality watch business? If you 
have a problem involving very close 
tolerances, thin gages, limited avail-

PRECISION METALS DIVISION 

When 
metal 
comes 
down 

come 
to 
us 

ability of alloys, superior mechanical 
properties or reproduction of exact 
specifications from order to order 
we're confident you'll find your answer 
in our people ... our experience ... our 
unique facilities. We're geared t o  
handle short-order prototypes o r  long 
production runs from ingot stage to 
finished foil or wire. 

But seeing is believing. For a quick 
picture tour of our facilities write to 
Dept. 3704, lancaster, Pa., for our new 

brochure. On the other hand, we'd be 

honored to have you visit us in lan­
caster and see it all first-hand. Just 
let us know when to expect you. 

+tr-/AIL4/LTO/\/ VVATCr-/ COIL4PA/\/V 
PRECISION METALS, COMPONENTS AND INSTRUMENTS FOR INDUSTRY 
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FORTRAN SPOKEN HERE 

FORTRAN II AND OTHER 
IMPORTANT COMPUTER LANGUAGES 

ARE AVAILABLE FROM OUR 

RPC-4000 
PROGRAM LI BRARY 

Your Fortran-trained personnel, any Fortran or other programs you already may have, and our entire Fortran 

Program Library can be profitable with your RPC-4000. 0 The RPC-4000 speak� your language if you're look­

ing for capacity. Listen. 8008 word memory-over 4000 more than other computers in its class. Computing speeds 

up to 230,000 operations per minute. Desk-size, completely transistorized. 30,000 characters per minute input 

- 18,000 characters per minute output. 0 It wouldn't be gentlemanly to tell you precisely how competing 

computers (don't) measure up to these statistics. Let's just say that the RPC-4000 provides the largest mem­

ory, greatest problem-solving capacity and flexibility in the low- or medium-priced field. Or in desk-size com­

puters. It's actually a desk-size computer with room size computer capacity. 0 But is it easy to operate? 

Answer: Even non-technical personnel can program and operate the RPC-4000. You can master it yourself 

in one day-and deliver yourself from dependence upon a computer programming specialist. (More than 3000 

students were taught programming in less than one day with PINT, an interpretive routine developed especially 

for the RPC-4000 by Purdue University. A film of this training will be shown on request). The RPC-4000 plugs 

into conventional outlet. Requires no expensive installation. 0 There's also RPC-4000's own Program Library, 

the most extensive in its class. Chances are the program you need is already there. Other programs and 

money-saving information come to you from one of the largest and most active users' organization (POOL) 

in the computer industry. For more information, write Commercial Computer Division. 

COMMERCIAL COMPUTER DIVISION/GENERAL PRECISION, INC./BURBANK, CALIFORNIA 
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For a complimentary reprint of this Artzybasheff illustration, write: Avco, Dept. SA'R, 750 Third Avenue. New York 17, N.Y. 

Centuries of history teach the importance of military mobility. And today Avco capa­

bilities help provide it. Superstrong honeycomb structures for logistics aircraft-re­

liable engines for battlefield helicopters, aircraft, and drones -high-speed amphibious 

hydrofoil vehicles-advanced ordnance-push-button combat communications. These 

are important Avco contributions to today's vital mobility for defense. 

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE. C R EED, A .,..�O 
COLOR. OR NATIONAL ORIGIN ... WRITE Aveo TODAY. Aveo CORPORATION. 750 THIRD AVE., NEW YORK 17, N. Y. � r � � 
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TRI N 
�NS ENTS 

BEC ES 
LASER 

SYSTEMS 
CENTER 

o L R 
SIEGLER, INC 

Trion Instruments, Inc., was 
formed early in 1961 to undertake 

research and manufacturing in 
the field of laser technology. 
The company quickly became 
an important research center as 

well as the leading manufacturer 
of laser systems. It has 

contributed a number of significant 
advances includ ing the 

development of a family of 
continuous·wave systems and 

important discoveries in laser 
second·harmonic generation. 

In mid 1962, Trion Instruments 
became a wholly·owned 

subsidiary of Lear Siegler, Inc., 
and has now been designated as 

the Laser Systems Center. 
Supported by the entire Lear 

Siegler organization, Laser Systems 
Center will continue to explore 

the tremendous potential of 
lasers and their impact on 

space communications, medicine, 
metalworking, and chemical, 

photographic, and optical 
investigations. 

Need technical information on 
lasers and how they can be useful 

to you? Write or telephone 
for details. 

LEAR 
SIEGLER, 

INC. / LASER 

12 

SYSTEMS 
CENTER 

I 2320 WASHTENAW AVENUE 
i ANN ARBOR, MICHIGAN / TELEPHONE 818-665-8844 

LETTERS 
Sirs: 

In commenting on Dobzhansky's re­
view of my book, The Origin of Races, 
in the February Scientific American, 
space does not allow me to answer him 
point by point. I shall ignore his dislike 
of my style and his godlike strictures­
unbecoming to a scientist-about the im­
morality of telling the truth and shall 
concentrate my remarks on a few key 
pOints. 

Had he read my first chapter care­
fully he would have seen that I discussed 
the problem of peripheral gene Row as 
being a mechanism of transforming, 
from one population to another, the 
critical genetic innovation that gradu­
ally transferred Homo el'ectlls into Homo 
sapiens. I consider it very likely that 
this is exactly what happened, and said 
so. However, not being a professional 
geneticist, I am not so sure of it as he 
is, nor am I sure that all similar pheno­
typical effects can be attributed to the 
same gene locus, or that we really know 
the mutation rates of all racially impor­
tant changes. 

But I am, as he is not, a physical an­
thropologist of 40 years' experience, and 
I consider his rejection, without detail, 
of my criteria of grades and lines as be­
ing professionally incompetent. 

Sci��lIlific AIIII!I"iI;<lIl, April, 1963; Vol. 208, 
No. ,I. Published Illolllhly by Scientific Amcdcall, 
inc., 115 1\ladison A\'ellue, New York 17, N.Y.; 
Gerard Picl, presidelll; Dennis Flanagan, vice­
presid enl ; Donald H. ,Miller, Jr., vice·president 
and treasurer. 

Edito1'ial corl"cspondcJI('c should be addressed to 
The EJilors. SUENTIFIC Al\I£HICAN. ,'15 Ildadisoll 
A\enue, New York 17, N.Y. Manuscripts are 
sublllilled at the author's risk and will not be 
returned unless accompanied by postage. 

AtI"f'l'lising correspondence should be addressed 
to ).I artin :1\1. Davidson, Advertising Manager, 
Scn::-<TIFIc A;\IF:HICAN, H5 l\ladison Avellue, New 
York J7, N.Y. 

SubscI'iplion COJ'I'cslwntlcllce should be ad. 
dlesscd to Jerome L. Feldman, Circulation �IHn· 
ager, SUENT1FJt.: A;\I.:1I1CAN, 415 l\laJiSOIl Avellue, 
New York 17, N.Y. 

OffpJ·int cOI'I'cspondcncc and ol'{)crs should be 
addressed to W. H. Freeman and Company, 
660 :1\larket Street, San Francisco 4, Calif. 

Subscription rates: on e year, $6; two years, 811; 
thrce years, $15. These rates apply throughout 
the world .  Subscribers in the Un ited Kingdom may 
rcmit to 1\liJI1.llld Bank Limited, 69 P�lll\lall. Lon· 
dun SW 1, England, for the account of Scien· 
tific Amclican, Inc.: one year, two pounds four 
shillin�s: 1\\0 )cars, three pounds 19 shillings; 
three )cars, fi\e pounds eight shillings. 

Change of address: please notify us four weeks 
in advance of change. If available, kindly furnish 
an address imprint from a rccen l issue. Be sure to 
give both old an d new ad dresses, including postal 
zone Ilumbels, if any. 

#1 in a series of unconventional inventions 
by Ultek Corporation 

QUESTION: Who invented 
the ion pump? 

ANSWER: OUR PRESIDENT 

After the Russians did, of course. But 

in this country, among men who know 

high vacuums best, the name of our 

president is very closely associated 

with almost nothing at all. Modesty 

(his) forbids our saying much more, 

but for the full story we suggest you 

send 25¢ to the United States Patent 

Office for a copy of U. S. Patent 

#2993638. 
Dr. X's vacuum pump (you can get his 

full name on a copy of our free 52· 
page booklet "A little bit about almost 

nothing") isn't really a pump at all, in 

the traditional sense. Gas particles in 

the system, instead of being pumped 

out into the atmosphere, are simply 

transferred from gaseous to solid 

phase within the system. This keeps 

everything clean and free from the 

hydrocarbon backstreaming which you 

get with conventional pumping tech­

niques, and avoids contamination in 

such critical applications as surface 

friction studies, thin film deposition, 

space simulation, and vacuum tube 

processing. 

Ask for our booklet #65. 

Ultek Boostivac system, guaranteed 5 x 10'· torr 
in 4 hours. 

BOX 10920, PALO ALTO, CALIFORNIA 

Offices: New York, Boston, Cleveland, Chicago, 
Phi ladelphia, Los Angeles, Seattle, Palo Alto 
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Dobzhansky challenges the idea that 
a population bearing genes for the sa­
piens condition could interbreed with 
one lacking them, but he admits that 
anagenesis is a continuous process. Pale­
ontology provides no evidence to sup­
port his view. Dobzhansky seems to be 
thinking of cladogenetically differenti­
ated, contemporaneous species, which 
is all that a laboratory geneticist has to 
work with. That is an entirely different 
kettle of fish from a genetic sequence in 
time. Furthermore, he seems not to have 
realized that nearly all, if not all, the 
differences between Homo el'ectus and 
Homo sapiens could have been produced 
by minor changes in endocrine balance 
and in the growth sequence, changes 
that would have required relatively lit­
tle chromosomal innovation. 

As for the lag in time between the 
races in crossing the erect us-sapiens 
threshold, Dobzhansky should note that, 
unlike his fruit" Hies, human beings do 
not mate at random but are kept apart 
to a large extent and quite effectively 
by cultural barriers such as language 
and religion, and by such other customs 
as feelings about integration and segre­
gation. These cultural roadblocks help 
geography to prolong periods of separa­
tion and impede, but do not prevent, 
gene How. 

CARLETON S. COON 

West Gloucester, Mass. 

Sirs: 
Far from disliking Dr. Coon's style 

of writing, I find it admirable. The fact 
I have felt compelled to point out is that 
Dr. Coon uses his writing ability in such 
a way that his book is being utilized by 
racists in support of their propaganda. 
Dr. Coon has not seen fit to disavow 
these misuses of his book. If, on the other 
hand, his book is being used with his 
consent, he should have the courage to 
say so openly. A scientist cannot assume 
a pose of disdain and unconcern when 
what he believes to be truth is being 
misrepresented. There is no need for me 
to criticize in detail his criteria for de­
limiting what he calls Homo sapiens and 
Homo erectus because, first, this is too 
technical a matter for a review such as 
mine and, second, because this has been 
done by anthropologists who are Coon's 
peers in profeSSional competence. His 
belief that sapiens evolved from erectus 
five times independently involves, how­
ever, a serious misconception of the 
mechanisms of evolution. And, contrary 

EXPLORE 
the bright, new, oscillating, 

multivibrating, logical, 
computer-applicable world of 

GLOW 
LAMPS 

New technical 
manual, over 100 

pages, fully 
illustrated, tells all 

for just $'1.00 

Answers to questions involving: 

Physics and Characteristics of 
Glow Lam.ps. Theory of gaseous 
conduction in the glow lamp. Re­
sponse time. Equivalent circuits and 
general formulas. 

Relaxation Oscillators. Basic saw­
tooth oscillator operation and design 
parameters. Operating characteris­
tics and environmental factors. 
Multivibrator operation. 

Applications for oscillators-time 
delay relays, alarm circuits, temper­
ature and light indicators, electronic 
organs and variable frequency and 

Logic and Com.puter Applica­
tions. The binary number system 
and logic operations. Glow lamps 
in logic circuits. Computer and 
counting circuits. Memory circuits. 

General Glow Lam.p Applica­
tions. Voltage regulators and level 
detectors. Coupling networks. The 
glow lamp and photo-conductive 
devices. Lamp test methods and 
circuits. Complete glow lamp specifi­
cations. General Electric Company, 
Miniature Lamp Department. 

'Progress Is Our Mos! Imporlanf Prot/I'd 

pulse width generators. 
GENERAL . ELECTRIC 

r----------------------------------, 
I GLOW LAMP MANUAL . General Electric Company, Dept. 14 I 
I P. O. Box 5601 • Cleveland 1, Ohio I 
I Please send it. I've enclosed $1.00. I : (PLCASF; PR(NT) : 
I Name I : Company : 
I Address I 
I I 
I City Zone ___ State I 
L __________________________________ � 
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MOTION· 
FREEZER 
The Photo-Sonies 16mm-1B camera can 
freeze motion in its tracks-at the rate of 
1000 clear, sharp pictures a second-thanks 
to the unique prism-shutter combination 
above. 

Both rotating prism and rotary disc shutter 
tum in perfect synchronization. The prism 
provides the necessary image compensation. 
The adjustable shutter between the prism 
and the film plane gives each picture an 
even, full-frame exposure. That's why there's 
no image smear, common with other prism 
cameras. That's why you get such outstand­
i n g  r e s u l ts, even at top exposures of 
l/40,000th second. 

This small, light-weight camera can take a 
beating, too. It's been slammed around on 
test sleds; vibrated and roasted by rocket 
engines, aircraft, and wind tunnels; used 
hard in underwater tunnels. The results are 
always the same; unbelievably clear pic­
tures. Let us show you this freezer soon. 

14 

Manufactured with precision by: 

PHOTO·SONICS, INC. 
820 So. Mariposa, Burbank, California 

Distributed exclusively 
throughout the United States by: 

TRAID CORPORATION 
17136 Ventura Boulevard, Encino, Calif. Write for literature. 

to Coon, this misconception happens to 
be particularly serious exactly because 
human evolution involved a combina­

. tion of anagenesis and cladogenesis, with 
a predominance of the former. Neither 
humans nor, I can assure Dr. Coon, fruit 
flies mate at random. Human culture 
and human mobility may not only im­
pede but also promote the gene flow. 
If, as Dr. Coon seems to suggest, el'ectlls 
differed from sapiens in only one or a 
few genes, then they were not different 
species at all; it is far more likely that 
the transition from erectlls to sapiens 
involved rebuilding of the whole genet­
ic system, and if so, this transition could 
not have happened five times independ­
ently. It is chiefly this misconception 
that opens Dr. Coon's work to misuse 
for racist propaganda. 

THEODosIUS DOBZHANSKY 

The Rockefeller Institute 
New York, N.Y. 

Sirs: 
The very interesting letter by John 

Bardeen and A. H. Taub in the Febru­
ary issue of Scientific American, which 
describes notes written in 1953 by 
John von Neumann relating to the pos­
sibility of using stimulated emission 
from recombination of electrons and 
holes in semiconductors to make a light 
amplifier, shows once more the great 
ingenuity and versatility of von Neu­
mann. The account is somewhat mis­
leading, however, when it says: "The 
basic principle was used later by 
[Charles H.J Townes and by [NicolaasJ 
Bloembergen in the MASEH (Microwave 
Amplification by Stimulated Emission 
of Radiation) . .. " In fact, the possibility 
of negative absorption or amplification 
had been pointed out in print by Willis 
Lamb in 1950 and was discussed by 
Joseph Weber in 1953. Moreover, the 
great obstacles that remained to its ac­
tual realization had been analyzed and 
overcome by Townes in the spring of 
1951. He not only found a suitable me­
dium, the ammonia beam, in which a 
population inversion could actually be 
obtained, but he also found a way to in­
crease the interaction of the excited 
ammonia molecules and the electromag­
netic wave by enclosing them in a cavity 
resonator. Not only did Townes's use 
of a cavity resonator make possible use­
ful amounts of amplification, it also 
provided a means of synchronizing the 
emissions of the individual atoms. Thus 
coherent radiation was obtained from 

FREE BOOKLET! 
'Why Investors Look To California' 

EARN MO RE IN 
SOUTHERN CALIFORNIA 

• Savings accounts insured to $10.000 by an 
agency of the United States Government 

• Dividends compounded quarterly 
• Air mail postage p.aid both ways 
• Main office: lynwood. California 
• Savings postmarked by the 10th of the month 

earn from the 1st of the same month 

MEMBER TRANS·WORLD FINANCIAL CO. 
COMBINED RESOURCES DYER $170 MILLION 

FREE GIFTI 
WORLO GLOBE BANK 

AIR MAIL FUNDS TO: WILSHIRE OFFICE OF 

WORLD SAVINGS 
and Loan Association 

1926 WILSHIRE BLVD .• LOS ANGELES 57-I, 
CALIFORNIA 

NEW 

HIGH TORQUE 
A.C. MOTOR 
Globe's new high torque Type YC 
motor meets appropriate MIL 
specs, and offers numerous 
combinations of speed and 
torque in standard variations. It is for use on 115 or 230 v.a.c., 
60 or 50 cycle, one or three­
phase power. Units are 2)1" in  
diameter over mounting pads by 
l'y,;, to 3Y,6' long; continuous 
duty HP is 1/25 at 3,000 rpm. 
Request Bulletin YC-2 from 
Globe Industries, Inc., 
1784 Stanley Ave., Dayton 4, Ohio. 
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independently excited atoms or mole­
cules. 

I can testify from my own knowledge 
that Townes's concept of the maser, 
complete with source of excited atoms 
and resonator, was essentially complete 
in thc spring of 1951. It was described 
in a widely distributed and unclassified 
progress report later that vear. So when 
von Neumann first began to think of 
stimulated emission in 1953, the first 
maser built bv J. P. Gordon, Herbert J. 
Zeiger and Townes was nearing opera­
tion. Bloembergen's important three­
level solid-statc maser did come later, 
but it involvcd a method of providing 
excited atoms different from the meth­
ods of both Townes and von Neumann. 

AnTHUl1 L. SCHAWLOW 

Department of Phvsics 
Stanford Un iversitv 
Stanford, Calif. 

Sirs: 
Heferring to the article "Surgical 

Stapling" by It F. J\lallina et 01. in your 
October 1962 issue, I would like to 
point out a historical error. 

The history of surgical stapling goes 
back to 1906, when Professor Hi.imer 
Hiiltl of the University of Budapest in 
collaboration with an engineer named 
Fischcr designed a stapling instrument 
expresslv for gastrointestinal tract sur­
gerv. Tllis instrument was shown at the 
International Surgical Congress in Buda­
pest ill 1908. Dr. Hiiltl reported 30 con­
secutive cases of gastric resection for 
cancer of the stomach without a single 
fatality, which he attributed to this in­
strument. 

This stapler has four rows of fine sil­
ver staples, therefore in that respect is 
superior to the Petz instrument currently 
in use. Inasmuch as the first Hi.iltl­
Fischer instrument was covered by an 
international patent for 17 years, Petz 
could not publish his simplified model 
until 1922. 

I would likc to add that the Hultl 
machine was used in large surgical cen­
ters in the U.S. as well as in Europe. It 
has the same drawback as the Russian 
instrument, namely that charging of the 
instrument is somewhat cumbersome, re­
quiring a binocular loop and special 
training. 

STEPHAN S. ROSENAK 

Albert Einstein College of Medicine 
New York, N.Y. 

Santa Clara County Administration Building at ISO-acre Civic Center in San Jose, California. 

Good planning takes 

a lot of "midnight oil" 

'As a businessman, you recognize 
that no short cut exists for long 
range planning. And good commu­

nity planning by the local govern­
ment in Santa Clara County is no 
exception. It takes a lot of time -
both night and day. But it pays 
off well for every industry that 
locates in Santa Clara County. 

Large investments in plant site 
property are protected by a rigid 
policy of planned growth. Lead­
ing industries such as Lockheed, 
IBM, General Electric and Ford 
recognized this important asset 
when they made their decision. 

Study the combination of addi­
tional advantages in this commu­
nity. They include a mild climate 
all year long, top ranking colleges 
and universities nearby, plus a for­
tunate location at the southern tip 
of San Francisco Bay. 

SANTA CLARA CO 

1965 

Send for the '(omplete report . . _ 

PLAN AND FORECAST FOR 1985 
This compact report is a two-decade 

projection of future growth in Santa 

Clara County. It includes a compre­

hensive zoning map and a summary 
of facilities important in analyzing 

potential plant sites. 

LEGEND: 

POPULATION I 
EMPLOYMENT ,.[ _ 
RETAIL SALES 

Make an on-the-slJot investi­
gation. We will gladly arrange 
discussions with local execu-, 
tives at your convenience. 

GREATER SAN JOSE CHAMBER OF COMMERCE 
San Jose 13. California. Dept. 27 
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NASA Selects Rohr 
To Build 210 Ft. Antenna For Goldstone 

PROOF OF PERFORMANCE . . .  

LATEST CHAPTER IN THE 
BIG ROHR ANTENNA STORY 
30 foot azimuth/elevation Antenna designed and manufactured by Rohr for Jet Propulsion Laboratory, California Institute of Technology (see abovel 

ACTUAL PERFORMANCE DATA VERSUS CUSTOMER'S SPECIF ICATIONS 

16 

Perpendicularity of azimuth axis to a tangent plane to the earth's surface 

Orthogonality of the elevation axis of rotation to the azimuth axis of rotation 

Symmetry of the elevation bearings to the azimuth axis of rotation 
Elevation wheel radial run out 

Reflector Panels Accuracy 

Reflector Face & Reflector Structure Accuracy 

Specified 
Within 30 seconds of arc 

Within 30 seconds of arc 

Within 0.125 inches 

0.010 inches peak to peak 

0.030 inches RMS 
Manufacturing Tolerance 

0.087 inches 
(_A._ at 8.45 KMC) 

16 

Measured 
20 seconds of arc 

10 seconds of arc 

0.090 inches 

0.007 inches peak to peak 

0.008 inches RMS 

0.030 inches 
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Rohr Offers the Complete 
Antenna Package from 
Design Through Manu­
facturing, Quality Con­
trol, Field Installation 
and Field Performance 
A unique antenna concept at Rohr 
means complete systems responsi­
bility from design through field test 
to meet customer requirements 
anywhere in the world ... the an­
tenna service now strengthened 
even more by proof of performance 
far exceeding customer specifica­
tions on Rohr-designed and Rohr­
built 30-foot and 85-foot antennas. 
The Rohr antenna concept further 
includes the preference to be fully 
responsible for servo and control 
systems from the outset ... al­
lowing for full consideration and 
integration through design and fab­
rication. Basically, our philosophy 
has been one of introducing a new 
standard of precision to meet the 
ever-growing need for greater levels 
of accuracy in antenna operations. 
The fact that new precision stand­
ards have been achieved is proven 
through Rohr conducted test per­
formance data now available. Rohr 
has designed, built and erected 5 
antennas of widely varying sizes 
and configurations-for 4 custom­
ers-in 5 widely varying environ­
mental conditions around the 
world. And other antennas of even 
more accuracy are being designed 
and fabricated at Rohr today. 

Shown under construction is 85 foot Az/ E1 

antenna designed and built by Rohr for Radia· 

tion Corporation for Atlantic Missile Range 

Rohr Antenna Research, 
Design and Engineering 
Rohr's Antenna Systems Engineer­
ing Group wa

'
s formed by recruiting 

from leading firms throughout the 
country and integrating these top 
antenna men with veteran Rohr 
aircraft engineers. This engineer­
ing group builds antenna design 
concepts on a broad base of knowl­
edge acquired through the years 
... supported by intensive Rohr 
research in areas such as wind 
tests, vibration analysis, contour 
measuring tests, environmental 
studies, surface panel tests and 
truss evaluations. 

Rohr Precision Antenna 
Fabrication Capabilities 
Rohr's manufacturing facilities and 
know-how are, we believe, un­
matched in the field of antenna 
fabrication. Our inventory of ma­
chines includes some of the world's 
largest presses and forming ma­
chines, numerically controlled 
machine tools, a battery of big 
bonding autoclaves, large process­
ing tanks for chemical and heat 
treating, all types of automatic 
welding equipment, plus our tre­
mendous, unique "antenna manu­
facture and assembly area" sup­
ported by huge traveling cranes 
and other strategic machinery. 
These modern antenna machines 
plus trained and talented antenna 
supervision and crews with a wealth 
of knowledge and experience in 
tooling and metal forming provide 
a full, seldom-found antenna fabri­
cation capability. New Rohr-devel­
oped fabrication techniques such 
as use of large, structural weld­
ments vs. bolted connections, and 
magnaflux and x-ray-controlled 
welding offer fabrication proce­
dures for building in antenna accu­
racy levels not possible before. 

Antenna Quality Control 
Special quality control techniques 
are common procedure at Rohr. 
For instance, the unique, Rohr­
developed contour measurement 
system which lends a more eco­
nomical and precise method of 
verifying specified surface toler­
ances. The optical theodolite used 
in this measuring process operates 
in all reflector attitudes and re-

quires only one origin to check the 
relationship of the feed support 
and reflector surface to the an­
tenna axis. A fully equipped and 
fully staffed Quality Process Con­
trol Laboratory verifies materials 
and certifies all applicable equip­
ment. In addition to these and 
other quality control techniques at 
Rohr, many of the critical antenna 
components are test assembled in 
plant prior to shipment, providing 
factory controlled accuracy that 
means savings in time and money 
in field installation. 

Antenna Field Erection 
Full, follow-through on-site erection 
service is another important part 
of the complete Rohr antenna pack­
age. Today Rohr has trained, ex­
perienced, erection crews ready to 
provide full field installation serv­
ice anywhere in the world. For in­
stance, Rohr is erecting three 
antennas simultaneously in three 
widespread locations. Rohr main­
tains a high degree of coordination 
with other contractors-servo, elec­
tronics and others-who may be 
associated with a project. 

Rohr Antenna Field Test 
Rohr's trained field crews work 
with the customer in on-site oper­
ational check-out of every antenna 
installation. This service extends 
the company's quality control re­
sponsibility through to operational 
readiness and assures accurate 
antenna performance in every 
attitude. 

For the Complete Rohr 
Antenna Story Write to: 
Marketing Manager, Dept. 14, 
Rohr Corporation, Chula Vista, 
Calif. Rohr Sales Offices in Wash­
ington, D.C.; Huntsville, Ala.; Hous­
ton, Texas and Dayton, Ohio. 
Main Plant and Headquarters: 
Chula Vista, Calif. / Plant: River­
side, Calif. / Assembly Plants: 
Winder, Ga.; Auburn, Wash. 
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. . .  _ ..................... . NAVy ·························· 

� 
ConvaIr C·}31F and C-l3IG � � "'") '"'" - -z-A;;;;oj -

.................. COMMERCIAL ................. . 

• Shaft, bleed, or combination units • 60 to 400 horsepower; up to 2251bs. air / minute • DC or AC power; 400 cycle 
• Use aircraft fuel; instant starting in all weather • AiResearch support services at all major operating centers 

• Commercial turbines guaranteed to operate with normal maintenance to warranty life· Turbines qualified to military 
specifications· FAA approval on all units 

Garrett-AiResearch on-board gas turbines provide 
an economical and reliable source of auxiliary power 
to make airline, corporate and military aircraft inde­
pendent from ground power services_ 

These lightweight, compact units can furnish: 
either electrical or pneumatic main engine starting; 
air conditioning and heating; continuous or auxiliary 
power for operation or checkou t  of pneumatic, 
hydraulic, electrical and electronic systems; emer­
gency power while airborne. 

This means greater comfort on the ground, utiliza­
tion of underdeveloped or isolated airstrips and an 
extra margin of safety in the air for the corporate and 
airline operator. The on-board gas turbine also pro­
vides needed additional power for electronic systems 
aboard military aircraft. 

A wide range of units is immediately available for 
retrofit of existing aircraft and for new aircraft pres­
ently in production. Applications for future aircraft 
now in the design stage are under development. 

AIRESEARCH MANUFACTURING DIVISIONS. Los Angeles 9, California· Phoenix, Arizona 

Systems and Components for: 

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 
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• In attenuators, which of these characteristics is most 
important to you - stability, or smooth control, or constant 
impedance? Not only will Allen-Bradley Type J variable 

resistors give you all of these ... but also long life and a 
high wattage rating in a remarkably compact structure. 

The famous Type J solid resistance element-made by 
A-B's exclusive hot molding process -provides smooth con­
trol at all times - you'll never experience an abrupt change 
in impedance or attenuation during adjustment. 

Allen-Bradley's control of the resistance-rotation charac­
teristics during production assures the desired attenuation­
approaching calibration accuracy. And, the characteristic 
impedance can be held to 10% throughout rotation -end to 
end! The discrete steps inherent in all wire-wound units 
are eliminated. Don't forget - freedom from inductance 
insures excellent high-frequency response. 

The Allen-Bradley Type J variable resistors are available 

in dual or triple units for use in attenuators rated up to 5 
watts. For more complete information on these Type J 
controls, please send for Technical Bulletin B5200B. Write: 

Allen-Bradley Co., 1204 S. Third Street, Milwaukee 4, Wis. 

In Canada: Allen-Bradley Canada Ltd., Galt, Ontario. 

QUALITY ELECTRONIC COMPONENTS IA LLE N - BRA D LE Y 
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How do you make a vehicle that can run nature's 

20 
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obstacle course? Borg-Warner knows how! 
Borg-Warner's revolutionary Airoll military transport doesn't let desert sand, arctic snow, 

bottomless mud, jungle swamps, deep rivers or lakes get in its way. It rolls right over 

them ... puts men and equipment into action instantly, anywhere. It can help us fight ... 

and win . . . limited wars where unlimited mobility is needed. 

Combining the best features of tracked, wheeled and jumbo-tire vehicles, Airoll 

moves easi Iy over terrai n that wou I d stop other transports dead in thei r tracks. I n a brushfire 

war it could mean the difference between victory and defeat. 

This versatile amphibian was developed for the Marines by the Ingersoll Kalamazoo 

-

ffi¥j 
-

Division of Borg-Warner. It's a dramatic example of how Borg-Warner's unique 

engineering and research skills help our armed forces meet the needs of 

national security. Borg-Warner Corporation, 200 South Michigan Avenue, BORG-WARNER 
Chicago 4, Illinois. where research and engineering 

work wonders for you 
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we probe magnetic domains . . . 

because magnetism is our business 

Analyzing magnetic materials is an essential facet of our continuing research in the 
broad field of applied magnetics. Take the microscopic magnetic domains, for example, 
created when magnetic moments of electrons are oriented in the same direction. 
They vary with different materials and with the magnetic force applied. By applying a 
suspension of iron oxide to a sample, and observing through the microscope how the 
particles line up in domain patterns (as illustrated here), we can draw definite con­
clusions about the material's magnetic characteristics. • Micro-motion pictures of 
these "powder patterns," taken as the magnetic field is varied, show us how a ma­
terial goes through a complete hysteresis loop traverse. In modern, high-quality per­
manent magnet materials, the structures are of such an extremely fine dispersion, we 
often apply an electron microscope to reveal the details. • In practical application, 
such materials research was extremely valuable in developing our INDOX® ceramic 
magnets. If you would like to read more about this subject, write today for "Magnetic 
Domains," to Indiana General Corporation, Valparaiso, Indiana. 

INDIANA GENERAL E 
• , . j 

FERRITES MEMORY 
SYSTEMS 

MINIATURE 
MOTORS 

PERMANENT 
MAGNETS 

MAGNETIC 
EQUIPMENT 
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The 
Honeywell Visicorder 
oscillograph 

& GUNPOWDER 
records forces in 
circuit breaker 
bushings 

Wham! Forces imposed by the operation of oil­
filled circuit breakers-especially during short-cir­
cuit interruption-are destructive enough to damage 
bushings. Engineers at the Ohio Brass Company have 
devised an ingenious method of simulating this ex­
plosive force in order to analyze bushing loads. 

On a typical bushing, they mounted a dummy in­
terrupter, in which they exploded gunpowder to pro­
pel from the interrupter fist-sized metal projectiles. 

Strain gages, installed on the bushing ground 
sleeve, were connected to a Honeywell 119 Amplifier. 

A Honeywell 906 Visicorder oscillograph was 
chosen to record the test data because of the extremely 
high speed and transient nature of the signals to be 
measured. 

A typical record of this test, shown at right, was 
made at a record speed of 50" /second. 

These Ohio Brass tests have opened the way to the 
development of standards for the mechanical per­
formance of bushings (AlEE papers 62-153, 60-107) . 

This application is only one of thousands where 
the Visicorder is called upon daily as a basic research, 
test, and development tool. One of the six different 
Visicorder models should be a basic instrument in 
the management of your data acquisition. 

Schematic at left diagrams method for duplicating bushing loads during short·circuit 
interruptions. Projectile (A) produces lateral forces at right angles to bushing axis; 
projectile (8) produces axial load on bushing terminal. At right. squibs have 
just detonated charges propelling projectiles from dummy interrupter. Below, 
Honeywell Model 906 Visicorder Oscillograph records circuit breaker bushing test 
for Ohio Brass. 

For full details on all Visicorder Oscillographs, 
tape systems, and signal conditioning equip­
ment, write to Honeywell, Denver Division, 
Denver 10, Colorado, or phone 303-794-4311. 

DATA HANDLING SYSTEMS 

Honeywell 
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Z 
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c: 
\II 
:r 

Z 
" 

The Honeywell Model 906 Visicorder Oscillograph-with a Honeywell Model 119 Amplifier-record 
circuit bushing tests for Ohio Brass. 
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Where no metal but Platinum 
will do the job as well ... 

Giant Stanford telescope uses platinum-clad grid WIre 
to help control signals from 160-ft. antenna 

Radar astronomers at Stanford University 
and Stanford Research Institute have an ex­
citing new tool for the exploration of space. 
It's a giant telescope with a 160-foot parabolic 
antenna that operates in the 20 to 55 mega­
cycle range. Its transmitter, powered in part 
by Eitel-McCullough 4W20,000A tetrodes, 
supplies an input of 1,000,000 watts! 

To insure dependable performance, engi­
neers at Eitel-McCullough Corporation, San 
Carios, California, selected platinum-clad wire 
for the grids in these power tetrodes because 
of its outstanding ability to suppress electron 
emission. In addition to this vital character­
istic, this platinum-clad wire has high 
strength and remarkable heat resistance. 

It could pay you to use a Platinum Metal 

Your problem might be readily and economi­
cally solved with a Platinum Metal- where 
superior electrical properties are required, 
such as in grid wires ... where high tempera­
ture corrosion and spark erosion are involved, 
such as in aircraft sparkplugs ... where wear­
resisting, non-tarnishing surfaces are re­
quired, such as for printed electrical circuits 
... where a combination of severe corrosion 
and erosion must be met, as in the case of 
spinnerettes for rayon production ... where 
peak catalytic efficiency is required, as in the 
refining of high octane gasoline ... or where 
product purity must be retained despite high 
temperatures, as in the case of lens glasses ... 

the Platinum Metals have proved to be the 
most economical for certain critical equipment. 

Industry is going to higher temperatures 
and higher pressures. Perhaps your own prog­
ress has been blocked by the limitations of 
materials to withstand such severe conditions. 
T he Platinum Metals have removed many bar­
riers. Have you considered them for your 
problems? 

Platinum, palladium, rhodium, ruthenium 
and iridium have unique potentials, well worth 
your attention. Specialists are prepared to 
work closely with you in evaluating these 
metals for new commercial and scientific uses. 

As a first step, write us for additional data 
on the outstanding characteristics and suc­
cessful applications of the six Platinum Met­
als and their alloys-indicating your field of 
interest or how we might be of assistance. 

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 

High Temperature Stability 
Exceptional Chemical Inertness 
Superior Wear Resistance 
Peak Catalytic Activity 
Low Vapor Pressure 

The six Platinum Metals are: 
PLATINUM' PALLADIUM· RHODIUM 
RUTHENIUM • IRIDIUM . OSMIUM 

.tfc'o PLATINUM METALS DIVISION 
<.::-:-:-::> The International Nickel Company, Inc., 67 Wall Street, New York 5, New York 
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H
ow hot does it get 
in a vacuum? 

Suppose you have a perfect 

vacuum in a chamber, and 

you heat the walls of the 

chamber to 1200° C.  What is 

the temperature in the middle 

of the chamber? 

One of the engineers who helped design 

our new vacuum furnaces volunteered the 

opinion that, since there was nothing 

within the chamber, there were substan­

tially no molecules to heat up, and there­

fore no heat. And if there's no heat­

theoretically at least - the temperature 

could be absolute zero, or would it? 

Perhaps you can tell us how to measure 

the temperature in the middle of the 

chamber without putting anything inside. 

If you warm up to discussions of this sort, 

we'd be interested in what you have to say. 

Meantime, we've concerned ourselves in­

timately with what happens when there's 

something inside a Stewart vacuum fur­

nace. If your purpose is outgassing, braz­

ing, oxide-free heat treating, or vapor 

deposition, we guarantee you'll like what 

happens. And working in a clean, con­

taminant-free ultra-high vacuum may be 

simpler than you think. 

Stewart vacuum furnaces utilize a fused 

quartz tube, one end sealed to the vacuum 

pumping system and the other equipped 

with a quick-loading door. Fast pump­

down is provided by a diffusion pump sys­
tem (for vacuums to 10" torr) or an ion 

pump system (for vacuums as low as 10" 

torr). From a room-temperature start, you 

can reach 1200°C in under 10 minutes. 

Cooling is equally fast, or as slow as you 

wish. 

Our new brochure not only describes the 

vacuum operation in detail, it also ex­

plains how you can convert from vacuum 

to controlled atmosphere operation (any 

gas or combination of two gases) in less 

than two hours. May we send you a copy? 

STE�...A..R,T 
STEWART ENGINEERING COMPANY 

Santa Cruz 18, California 
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50 AND tOO 
YEARS AGO 

APRIL, 1913: "The latest plans of 
the German Admiralty for a huge aerial 
Beet to accompany the warships have 
recently been made public. These call 
for an appropriation of $12,500,000 to 
be spent during the next five years, while 
the appropriation for army aviation and 
aeronautics is to be nearly $25,000,000. 
In a bill introduced into the Reichstag 
on March 29 a large appropriation was 
made for 10 naval dirigible balloons of 
the largest size, eight of which are to 
be put in service and two held in re­
serve. Fifty aeroplanes (36 for active 
use and 14 for reserve) are to be built 
and are to be manned by a special corps 
of 1,452 officers and men." 

"The Boods in the upper watershed 
of the Ohio, with their tragic accom­
paniment of suffering and widespread 
ruin, will have carried with them a 
large compensation if they prove to this 
nation that the question of the control of 
the Mississippi River and its tributaries 
is broader than any state or community 
and that it must be faced and mastered 
by the nation at large. If anyone asks 
why the Federal Government should be 
urged to take hold of this problem on a 
national scale and assume full respon­
sibility for the time and labor and great 
cost involved in obtaining complete con­
trol of the Mississippi River, surely it 
is sufficient to remind him that the drain­
age area of this great river covers 41 
per cent of the total area of the United 
States." 

"The idea of carrying out survevs in 
the Sahara and elsewhere with the aid of 
airships and aeroplanes has often been 
suggested, and it seems likely that many 
blanks on our maps, where ordinary sur­
veving methods are difficult or impos­
sible, will ultimately be filled up in this 
manner. A German writer calls attention 
to the fact that the first demonstration of 
the feasibility of such undertakings was 
furnished by the Italian military aero­
nauts during the recent war with Turkey. 
A large tract of country around the city 

of Tripoli was mapped from ovcrhead. 
The data thus obtained enabled the gen­
eral staff to construct a series of charts 
on a scale of 1:40,000." 

"The power-driven vehicle can no 
longer depend on its present fuel. The 
demand for gasoline has overtaken pro­
duction. During the last decade the oil 
market has been readjusting itself to 
radically new conditions. This has been 
brought about by many new applications 
of oil products for developing heat and 
power. Crude oil was formerly looked 
on as the raw material for the production 
of illuminating and lubricating oils." 

"Capt. Amundsen has received a grant 
of $20,000 from the National Geograph­
ic Society toward his coming north polar 
expedition. In voting this grant the re­
search committee of the society desired 
especially to increase the scientific pos­
sibilities of the undertaking as to oceano­
graphic research, meteorological and 
magnetic observations, etc. Amundsen 
expects to start north from the Pacific 
coast sometime in the summer of 1914. 
His ship, the Fram, which now lies at 
Buenos Aires, will be sent through the 
Panama Canal sometime this sUlllmer or 
autumn, and it is understood that the 
authorities have arranged that she shall 
be the first vessel, other than a man-of­
war, to pass through the big cut." 

APRIL, 1863: "All the harbors of our 
large cities are skirted round by forts 
that, in the present improved state of 
ordnance and by the adoption of iron­
clads, are rendered of very little use. This 
is saying a great deal, but the statement 
can be substantiated by facts. It is fresh 
in the minds of all persons that our iron­
clads have repeatedly run the batteries 
at Vicksburg, and that our Heet of 
wooden ships passed up to New Orleans 
in spite of Forts Philip and Jackson; dis­
regarding the storm of iron that these 
works belched forth, they boldly and 
successfully dared the passage. Thev ac­
complished their purpose and obtained 
the surrender of the citv by appearing 
before it with open ports and guns yawn­
ing from them. Such has been the experi­
ence at that point, and other cases might 
be cited in proof of the assertion that 
ordinary forts are not only incapable of 
arresting the passage of an enemy's ves­
sel or Heet but also that thev themselves 
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What was Bell Telephone Laboratories doing 

on Monday, October 1, 1962? 

Murray Hill laboratory, N. J. The search con­
tinued for new materials exhibiting supercon­
ductivity. Some of these materials have been 
used to produce very strong magnetic fields with 
the expenditure of very little electrical energy. 

Holmdel laboratory, N. J. We were developing 
an electronic switching system using new solid 
state devices. It will bring telephone customers 
a whole new range of services. 

Whippany laboratory, N. J. We were evaluating 
new radar technology for the NIKE-ZEUS anti­
missile missile system under development for 
the Army. Significant improvements are further 
tested at four other ZEUS test sites ranging 
halfway around the world. 

Allentown laboratory, Pa. We were working with 
engineers of Western Electric, manufacturing 
unit of the Bell System, on the manufacture of 
long-life electron tubes for a new deep sea 
cable system_ 

Indianapolis laboratory, Ind. We were perfect­
ing improved automatic dialer telephones. One 
model will permit the customer himself to 
rec J 50 frequently called names and numbers 
and then dial by simply selecting a name and 
pressing a button. 

Crawford Hill laboratory, N. J. We were experi­
menting with the microwave modulation of light 
from a helium-neon gaseous optical maser. 
Modulated light may someday be used to carry 
large volumes of information. 

Merrimack Valley laboratory, Mass. We were 
increasing the capabilities of a new microwave 
system designed for low-cost telephone and 
television communications over distances up 
to 200 miles. This system is based on advances 
in solid state technology. 

New York laboratory, N. Y. We were studying 
the performance of a new data set which 
converts teletypewriter pulses into tones for 
transmission over regular voice circuits. Trans­
mitting teletypewriter messages over voice 
circuits was introduced on August 31, 1962. 

Cape Canaveral, Fla. We were preparing for 
the 102nd successful use of Bell laboratories­
developed Radio Command Guidance System. 
On July 10, it was used in the NASA launching 
of the Bell System's Telstar. This guidance 
system was originally developed for the Air 
Force and is operational on the Titan I ICBM. 

These were some of the highlights of one day. Engineers and scientists at Bell Labora­

tories work in every field that can benefit communications and further improve Bell 

System services. Their inquiries range from atomic physics to new telephone sets, from 

the tiny transistor to transcontinental radio systems, from the ocean floor to outer space. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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SILICONE 

IDEAS 

� for sticky slides and 
sluggish valves ... 

It beats us how they find out about these things, but we've 
heard that some musicians are now claiming that G-E sili­
cone fluids are the perfect lubricant to use on sticky trumpet 
valves or sluggish trombone slides. They say that silicone 
fluids, unlike cigarette ashes, water, petroleum jelly and 
"greasy kid stuff," work longer - work better. So, if any of 
you happen to play in an Eskimo band or are plagued by a 
sticky problem, don't worry. Just rub a little G-E silicone 

fluid on your instrument and you can toot your own horn (or 
anybody else's) at 75°F. below. 

Of course, you may not play a trumpet or a trombone. But 
you may have a lubrication problem. Many people, not only 
musicians, use G-E Versilube® silicone fluids because no 
other fluids can match their thermal stability (to above 
500°F), superior lubricity, small viscosity change with tem­
perature and outstanding oxidative and hydrolytic stability. 

So if you have a hard-to-handle lubrication problem, write and tell us all about it. 
After solving the trombone problem, we'd like to take a crack at yours too. 

How silicones solved a sticky problem We don't 
usually tell everybody, but, believe it or not, silicone took 
the stick out of starch. Without silicones we doubt if aerosol 
starch would be on the market today. 

In fact, all sorts of aerosol packages contain silicones. Sili­
cone fluid additives make shoe, furniture and automobile 
polishes rub out more easily, provide a richer gloss. They 
give household and window cleaners added lustre, impart a 

velvety smoothness to cosmetics and creams. Silicones pre­
vent pigment flotation, improve leveling, and increase the 
heat resistance of paints. What's more, they also protect 
against rust and oxidation, provide excellent release from 
molds used in making plastic and metal parts. Only thing 
they don't do, it seems, is use up that little-bit-Ieft-in-the­
aerosol-can-when-it's-empty! 

Care to tell us what type of aerosol product you want to 
formulate or improve? We'll be glad to suggest formulations 
and supply free silicone samples for your evaluation. 

We have reams of data on silicone rubber, fluids, emulsions, etc. To get your fair 

share write: General Electric Company, Silicone Products Department, Section 
U486, Waterford, New York. 

GENERAL . ELECTRIC 
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are far from being any protection to the 
forces within." 

"A lecture on the subject of radiation 
through the earth's atmosphere lately 
read before the Royal Institution by Prof. 
Tyndall contains much original informa­
tion of an interesting character and a 
clear explanation of the reason why dry 
clear nights are always colder than those 
that are cloudy. Moisture in the atmos­
phere is compared to a blanket for pre­
venting the radiation of heat from the 
surface of the earth, and an explanation 
is given of the phenomena of heat. Prof. 
Tyndall also believes that there is a 
subtile ether pervading all space. He 
says: 'Within our atmosphere exists a 
second and a finer atmosphere in which 
the atoms of oxygen and nitrogen hang 
like suspended grains. This finer atmos­
phere unites not only atom with atom but 
star with star; and the light of all suns 
and of all stars is in reality a kind of 
music propagated through this interstel­
lar air.' The phenomena of heat is at­
tributed to the vibrations of this ether. 
He says: 'We must not only figure our 
atoms suspended in this medium, but 
also we must figure them vibrating in it. 
In this motion of the atoms consists what 
we call their heat. Well, we must figure 
this motion communicated to the me­
clium in which the atoms swing, and are 
sent in ripples through it with incon­
ceivable velocity to the bounds of space. 
Motion in this form, unconnected with 
ordinary matter but speeding through 
the interstellar medium, receives the 
name of radiant heat; and if it is com­
petent to excite the nerves of vision, we 
call it light.' " 

"It is generally believed by men of 
science that the interior of the earth is a 
mass of molten matter, the heat of which 
is intense beyond that which can be pro­
duced by known artificial modes. Many 
of the rocks that form the crust of the 
earth appear to have been once in a fluid 
condition. Dr. Siljestrom, a Swedish as­
tronomer, expresses it as his belief that 
the interior of the earth is occupied by 
currents of various degrees of heat, 
which mix with each other and attain a 
certain degree of temperature in the 
same manner as substances subjected to 
all the physical influences of the earth's 
exterior. In other words, the theory is 
that a mass of fluid, possessing different 
temperatures in different parts of its in­
terior, must be subjected to a process 
of convection. The result is usually a 
change of volume in the entire mass of 
circulating fluid, causing eruptions like 
those of volcanoes." 
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that's 97% 

Scott industrial foam isn't like other foams. It has open 

pores, no windows. And it's 97 per cent void. What's left is 

a three·dimensional structure of polyurethane strands. Cell 

size is closely controlled, ranging from 10 to 1 15 pores per 

linear inch. 

Scott industrial foam has special properties that make it 

useful in all sorts of applications. 

It's a great filter, for instance-traps dust and dirt with­

out using messy oil. And you can clean it easily by washing 

or vacuuming. (Special additives are available to give it 

flame-retardant or anti·bacterial properties.) 

Good for demisting or mist agglomeration, too. Air passes 

freely through the open pores as the network of strands 

traps the moisture. 

with a material 

nothing. 

It makes an excellent humidifier pad. Water is readily dis­

persed on the skeletal structure where the freely-moving air 

picks it up. 

It's fine for coalescing. You can choose surface areas from 

150 square feet per cubic foot (IO-pore foam) to 2000 

square feet per cubic foot (1 15·pore foam). 

Light, easy to work with, Scott industrial foam can be 

glued, grommeted, stapled or sewn. Designers have found 

many new uses for it. Maybe you will, too. Write for samples 

and more facts: Edgar C. Mack, Manager Industrial Sales, 

Foam Division, Dept. A, Scott Paper Company, Chester, Pa. 

SCOTT 1 ; MAKES IT BETTER FOR YOU 
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PIEZOELECTRIC DESIGN DATA 

,?ZT@ceA..� 
C �o-L �C'e) 

Why are piezoelectric 
transducers practical? 

Piezoelectric ceramics are providing new solu­

tions to electromechanical transducer design 

problems in applications ranging from satellite 

sensing devices and interstellar navigation to 

household appliances. Although the require­

ments of these transducers differ widely, they 

have one common tie. The particular specifica­

tions of each happen to be very well suited to 

the nature and characteristics of piezoelectric 

ceramic transducers. 

Unfortunately, there is no general rule of thumb 

that tells the designer in twenty five words or less 

whether or not some piezoelectric ceramic trans­

ducers will be an efficient, economical answer to 

his electromechanical design requirement. Like 

30 

most successful designs, the practical piezo­

electric transducers now in use are the sum of 

hard work and inventive imagination. If you are 

interested in applying either to an electro­

mechanical transducer design problem, we will 

send you our new bulletin #9248, "Piezoelectric 

Ceramic Design Data." 

PIEZOELECTRIC 
DIVISION/cLEVITE 
232 FORBES ROAD, BEDFORD, OHIO 
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ACHIEVEMENTS IN HIGH TEMPERATURE REACTOR TECHNOLOGY 
1250°F LONG-DURATION FUEL ELEMENTS-AnAGN BeO-U02 element has been successfully tested for 10,000 hours at 1250°F_ 

Demonstrating long-term endurance for the ML-1 gas-cooled reactor, this run broke all temperature-time records_ 

1850°F MATERIALS FOR COMPACT LIQUID-METAL REACTORS-AGN has pumped cesium through a columbium loop for 

over 2,000 continuous hours of unattended operation at 1850°F_ 

2260°F FEASIBILITY OF LIGHTWEIGHT SPACE POWER SYSTEMS-AGN has successfully generated 74 watts of electricity 

from a thermionic cell using lithium at 2260'F pumped through a columbium loop, 

4500'F SPACE PROPULSION REACTOR FUEL ELEMENTS-Economical manufacturing processes by extrusion for graphite 

and tungsten fuel elements capable of 4500'F operation have been reduced to practice-an AGN first. 

For further information on advances in the field of nuclear materials, write for AGN Active File No, 6: 

AGN 
AERO.JET-GENERAL NUCLEONICS/San Ramon, California 
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In aircraft parts, as in men, excessive stress accelerates the 

aging process. And stress aging per hour varies for each 

aircraft. Yet the present way of determining servicing 

schedules is based primarily on hours flown. 0 Now Douglas 

researchers have developed a device which, when installed 

on an aircraft, provides a more positive method of determin­

ing check-up times for aircraft parts. 0 Called a "Service 

Meter," and weighing less than lY2 pounds, the Douglas 

unit computes the accelerations encountered by its aircraft 

in relation both to number and severity. It allows servicing 

AEROSPACE GERIATRICS to be performed on the basis 

of the true work age of parts, 

... AND WHAT DOUGLAS IS DOING ABOUT IT and will be an important aid 

to maintenance procedures that keep aircraft young. 0 

Research like the foregoing has helped build the Douglas 

reputation for producing the world's most reliable aircraft. 

The "Service Meter" is the result of one of the more than 

500 research programs under way at Douglas. Some re­

late to present programs like SATURN S-IVB, 

ZEUS, DELTA, DC-SF and SKYHAWK. 

/ 
Others are oriented on great DOUGLAS l"II!!!!!!a---
aerospace developments of the future. 
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FOR SERVICE BEYOND THE CALL T he telephone, your obedient servant, is learning new 

ways to assist you. Many conveniences, available to· 

day in private automatic exchanges for business, may soon be introduced to telephone users generally. Call For· 

warding, for example, permits you to instruct your exchange to transfer your calls-just by dialing a code and 

any desired transfer number. Calls to busy lines will be completed automatically-as soon as the lines are free. 

You'll be able to set up conference calls, or tie in to paging systems, by dialing appropriate codes. / T hese and 

other new services are provided for by a new electronic switching system developed by an In company. All solid· 

state, with printed circuit modules, a file·cabinet·sized unit replaces a roomful of conventional equipment. / 

T his major advance in telephony typifies In's pioneering approach to communication techniques. ITT intro· 

duced long distance subscriber·to·subscriber dialing in Morocco as early as 1932. Today this service is widely 

implemented in Europe and the U.S. ITT is credited with basic development work in TV . . .  radar ... microwave 

... data communications . . .  mobile, maritime, airborne and spaceborne communications. Through this work, 

ITT has earned its position as the world's largest international supplier of electronics and telecommunications. / 

International Telephone and Telegraph Corporation. World Headquarters: 320 Park Avenue, New York 22, N.Y. 

33 

© 1963 SCIENTIFIC AMERICAN, INC



FROM CHIP LOG TO ACCELEROMETER 

Chip Log (19th Century)-The earliest device known to measure a ship's speed. The chip was 
attached to a line knotted at specific intervals and drawn through the water during a measured 30 
seconds. The knots were then counted, indicating the nautical miles per hour the ship was making. 
(Dossin Museum) 

ACCURATE, RELIABLE COMPONENTS 
DELIVERED ON TIME, AT LOW COST 

AC develops and produces guidance and navigational components as well as com­
plete navigation systems. AC aided in the development of, and is now producing, 
pendulous integrating gyroscopes and inertia.1 reference integrating gyroscopes for 
the Navy's POLARIS Missile Program. In addition, AC-produced gyros and accel­
erometers have provided the heart for each AC-guidance system, including the 
All-Inertial Guidance Systems for the TITAN II, THOR and MACE. AC-produced 
instruments will be used in the development of an inertial platform for the 
APOLLO spacecraft and a guidance system for the TITAN III. 
Our record proves our ability to develop and produce precision guidance system 
components, and to deliver them on time, at low cost. We welcome the challenge 
to prove our capabilities and solve your guidance problems. Contact Director of 
Sales, AC-Milwaukee. 

AC ACCELERDMETERS-These instruments measure 
the linear acceleration of missiles, aircraft, space 
vehicles and ocean vessels and convert this information 
into velocity data. This and other computed data are 
compared to the vehicle's predetermined course, sensing 
any deviation from the intended line of motion. 

MASTER NAVIGATORS THROUGH TIME AND SPACE 

AC SPARK PLUG • THE ELE CTRO NICS D IVISIO N OF GE NERAL MOTORS 

7929 South Howell, Milwaukee 1, Wisconsin 
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We see red over next to nothing. 

You are look i n g  at the most sen sitive 
machine ever developed for the measure­
ment of electrical leakage in transistors. It's 
Fairchild 's new low-leakage tester ... and it 
lights up when it detects a flaw as small as 
one-trillionth of an amp. (That's one­
trillionth of the current you'd need to light 
an ordinary house bulb!) We designed this 
new devioe to spot the smallest deviation 
from standard in Fairchild transistors -

a n d  we made it a h u n d red ti mes more 
sensitive than any other such machine. The 
reason? As lon g as we see red ove r  the 
tin iest i mper fection - n o  on e else will. 

F=AIRCHILC 

SEMICONDUCTOR 

F"AIRCHllD SEMICONDUCTOR/S4S WHISMAN RD., MOUNTAIN VIEW, CALlF./YORKSHIRE a-e16t/TWX: MN VW CAL 853/A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORAT10�1 
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D iamond grinding wheel finishes carbide-tipped milling cutter to exact 

specifications at Nelco Tool Co., Manchester, Conn. F inishing is 

performed dry with resin-bonded wheel conta ining 130-mesh natural­

diamond grit. One such d iamond wheel will outlast grinding 

wheels containing other abrasives by at least 25 to 1 with far higher 

standards of precision. D iamond wheels are also used to form 

and finish end mills, counterbores, drills and other carbide cutting tools. 
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EACH OF THESE JOBS IS DONE BETTER WITH NATURAL DIAMONDS 

The grinding and finishing jobs shown on these 

pages are being performed on abrasive wheels, lami­

nated plastic, and carbide tools. Yet they share one 

important detail: in every instance, natural dia­
monds are doing the job quickly-and economically. 

When you use diamonds, you get the unique 

combination of excellent cutting ability linked with 

fantastic endurance. Result: your diamond tools 

last longer than any other tools you can use. Your 

people spend more time producing, less time chang­

ing tools. 

If you cut, sharpen or smooth anything in your 

Diamond-tipped reamers bore inside diameters 
of automotive distributor-arm bushings at Synthane 

Corp., Oaks, Pa. Natural diamonds make the 
ideal cutting edge for long production runs and 

close tolerance required to produce these 

tough laminated plastic bushings. Wide range of 
reamer sizes is used in the manufacture 

of more than 18 million bushings annually. 

business, you can probably use natural diamonds to 

advantage. Test them against the method you're 

using now. You'll see how efficient-and economical 

-a diamond tool can be. 

BEST GRIT FOR METAL-BOND WHEELS 
DEVELOPED BY THE DIAMOND RESEARCH 

LABORATORY IN JOHANNESBURG 

A special impact crushing method for natural dia­

monds is producing the strongest and most durable 

grit ever obtained for metal-bond wheels. Your tool 

and wheel manufacturer is ready to help you select 

the diamond tool that's right for your job. 

By combining one wide-faced wheel with a cam-guided 

natural-diamond dressing tool, Borg-Warner, Letchworth, 

England, simultaneously grinds four diameters on output 
shaft of new transmissions for smaller cars. Four 

diameters are ground to .OOOS-inch accuracy and about 
20-micro-inch finish in one operation. Carbide-tipped 
tracer (right) follows profile of cam and guides diamond 
tool (left) across face of aluminum oxide grinding wheel. 

INDUSTRIAL DIAMONDS CUT PRACTICALLY EVERYTHING ... ESPECIALLY YOUR PRODUCTION COSTS 

�J INDUSTRIAL DISTRIBUTORS (SALES), LTD., Johannesburg· London 
, World's leading supplier of diamonds for industry 
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hi-temp 
• 

60° 
closer 

to 
the sun 

New hi-temp Geon vinyl beats the heat. 

Its ability to withstand temperatures 

of 200 degrees and higher is the first 

break-through in vinyls since the first 

rigid vinyl was developed. Result: vinyl 

advantages can be built into many prod­

ucts where heat is a problem. Hi-temp 

Geon vinyl safely carries hot water, hot 

chemicals, hot air and hot fumes. It 

is tough, self-extinguishing, electrically 

non-conducting, colorful, light in weight, 

strong, and readily fabricated. For data 

and comprehensive brochure, write 

B.F.Goodrich Chemical Company, Dept., 

CA-4, 3135 Euclid Avenue, C leveland 

15, Ohio. In Canada: Kitchener, Ontario. 

B.F.Goodrich Chemical 
• division 01 The B.,..Good,lch Company 
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THE AUTHORS 
GILBERT F. WHITE ("The �1ekong 

River Plan") , professor of geography at 
the University of Chicago, is a student 
of water resources problems, including 
the social and economic aspects of floods 
and of river development. He received a 
B.S., an M.S. and a Ph.D. from Chicago 
and worked on water conservation and 
development problems for the U.S. 
Mississippi Valley Committee, the Na­
tional Resources Planning Board and 
the U.S. Bureau of the Budget. 'White 
has been an adviser to a number of na­
tional and international water and pow­
er development commissions and study 
groups, and during 1961 and 1962 was 
a consultant to the co-ordinating com­
mittee planning the vast river develop­
ment of which he writes in this issue. A 
Quaker, he served with the American 
Friends Service Committee from 1942 
to 1946 and was president of Haverford 
College from 1946 to 1955. He went to 
the Univcrsity of Chicago the following 
year. This year he is in England, lectur­
ing at the University of Oxford and other 
institutions. 

MARTHA and WILLIAi\! LILLER 
("Planetary Nebulae") are respectively 
lecturer in astronomy at Wellesley Col­
lege and Hobert Wheeler Willson Pro­
fessor of Applied Astronomy at Harvard 
University. Martha Liller, who is also 
a Hesearch Fellow at the Harvard Col­
lege Observatory, took an A.B. at Mount 
Holyoke College and an M.A. and a 
Ph.D. at the University of Michigan. It 
was as a beginning graduate student at 
M ichigan that she met her future hus­
band, who was at that time instructor 
in astronomy. William Liller, who is 
currently chairman of the department of 
astronomy at Harvard, received an A.B. 
at Harvard and an M.A. and a Ph.D. 
at Michigan. Following their marriage 
in 1959, the Lillers remained at Michi­
gan for a year before taking their pres­
ent jobs. 

GLENN T. SEABORG and AH­
NOLD R. FRITSCH ("The Synthetic 
Elements: III") are respectively chair­
man of the U.S. Atomic Energy Com­
mission and technical assistant to the 
chairman. Sea borg is best known for 
his work in synthesizing elements heav­
ier than uranium. Following the identi­
fication of element 93 (neptunium) by 
E. M. McMillan at the University of 
California at Berkeley in 1940, Seaborg 

and his co-workers proceeded to svnthc­
size elements 94 (plutonium) through 
98 (californium) , the last in 1950. For 
this work he shared with :"dc:VliIlan the 
1951 Nobel prize for chemistry. Since 
then Seaborg and his co-workers have 
synthesized five more transuranium ele­
ments. The synthesis of the last two is 
described in the present article. All of 
this work was done at Berkeley, where 
Seaborg obtained a Ph.D. in 1937. Dur­
ing World "Var II he was chiefly re­
sponsible for the development of the 
chemical-separation procedures used in 
the manufacture of plutonium. Heturn­
ing to Berkeley in 1946, hc served as 
chancellor of the University of Califor­
nia from 1958 until his appointment as 
chairman of the AEC in 1961. Fritsch, 
who took a Ph.D. in chemistry at Berke­
ley in 1957, had served as an AEC as­
sistant in nuclear energy at Berkeley, as 
a senior engineer in nuclear physics for 
the "Vestinghouse Electric Corporation 
and as chief of the Technical Bl:anch of 
the AEC's Division of International Af­
fairs before going to his present job in 
1961. 

J. TUZO WILSON ("Contincntal 
Drift") is professor of geophysics and 
director of the Institute of Earth Sci­
ences at the University of Toronto. Wil­
son first studied at Toronto, taking an 
A.B. there in 1930, and thcn at the Uni­
versity of Cambridge, where he received 
an A.B. and M.A. in 1932. In 1936 he 
acquired a Ph.D. from Princeton Uni­
versitv and for the next three years was 
an assistant geologist with the Geologi­
cal Survey of Canada. His service with 
the Hoyal Canadian Engineers for the 
duration of World War II brought him 
an Order of the British Empire and the 
Legion of Merit. He became professor 
of geophysics at Toronto in 1946 and 
director of the Institute in 1960. From 
1957 to 1960 Wilson was president of 
the International Union of Geodesy and 
Geophysics. A traveler on seven conti­
nents, Wilson is the author of One Chi­
nese Moon, an account of his month's 
visit to China in 1958 for the purpose 
of studying the state of geophysics there. 

FHEDERIC VEHZAH ("The Aging of 
Collagen") has taught and done research 
in physiology since 1914. He was born 
and educated in Budapest, lectured in 
physiology before World War I and in 
1918 became professor at the medical 
school of the University of Debrecen in 
Hungary. In 1930 he went to the Uni­
versity of Basel in Switzerland, where 
he taught until his retirement in 1956 
to found the Institute for Experimental 
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Nitrogen 
at work! 

TODA Y . • .  bringing "space" down to earth 
to test satellite components 

TOMORRO W . . •  sheltering laser beams carrying telephone conversations, 
TV programs or data transmissions cross-country 

• Think of it . . .  tens of thousands of telephone conversations 
transmitted simultaneously on a single laser beaml But the required straight·fine trans­
mission must be protected from refraction by moisture ... must be sheltered by a dry, inert 

nitrogen atmosphere .• Other Divisions of General Dynamics are now crossing 
the threshold of the Laser Age-and Liquid has the capability of pro-

viding the nitrogen that can bring the laser out of the 
laboratory into the practical world of communications. 

Dept.SCA.135 South LaSalle Street, Chicago 3, Illinois 
In Canada: Liquid Carbonic Canadian Corporation, 

Limited, 8375 Mayrand Street 
Montreal 9, Quebec 
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Friden Collectadata: 
the only data collection system that 

talks back to erring workers 
To err is human. The Friden Col­
lectadata does more than any other 
system to reduce human error to an 
absolute minimum. 

Should a worker mis-operate the 
Transmitter, the machine tells him 

exactly what he did wrong; a red 
light pinpoints the error. 

And, to make sure such errors rarely 
happen, the Collectadata displays 
the operating rules right on the trans­
mitter. In simple-to-follow steps. 
Again, no other system does this. 

The Collectadata does double-duty 
too. The tamper-proof Badge Reader 
takes attendance swiftly, accurately. 

The buffer storage reader allows 
workers to check in almost as fast 
as they can walk by the machine. 

The Friden Collectadata: the data 
collection system with the most 
elaborate operator and in-machine 
checks of any system made. For full 
details, call your local Friden Sys­
tems man. Or write: Friden, Inc., 
San Leandro, California. 

This is practical automation by 
Friden - for business and industry. 

Friden 
Sales, Service and IIlS/rIICtiOIl Throllghollllhe U. S. and World 

Gerontology in that city. Verz<lr's re­
search has been concentrated in three 
major areas: absorption from the intes­
tine, the physiology of the adrenal cortex 
and the aging process. 

MARTIN SCHEERER ("Problem­
solving") was professor of psychologv at 
the University of Kansas when he died 
in 1961. The article presented under his 
name was assembled from his writings 
by his friend and former colleague Irvin 
Rock, professor of psychology at Yeshiva 
University. Scheerer was graduated from 
the University of Berlin and received a 
Ph.D. from the University of Hamburg, 
where he taught psychology from 1930 
to 1933. After coming to this country he 
taught psychology at the University of 
Louisville, practiced clinical psychologv 
at Montefiore Hospital in New York and 
taught at Wells College, Brooklyn Col­
lege, the College of the City of New York 
and the New School for Social Research. 
He went to the University of Kansas in 
1948. 

ROBERT S. WOODBURY ("The 
Origins of the Lathe") is professor of the 
history of technology at the Massachu­
setts Institute of Technology. Woodbury 
was graduated from M.LT. in 1928 and 
studied mathematics there while teach­
ing English literature and history. In 
1936 he received an M.A. from Harvard 
University, where he studied the history 
of ideas and the history of science for 
two more years while teaching both sub­
jects at M.LT. During World War II 
'vVoodbury was on active duty with the 
Navy and later served on the staff of the 
Smithsonian Institution before returning 
to M.LT. 

HOWARD E. EVANS ("Predatory 
'v\1asps") is associate curator of insects 
in the Museum of Comparative ZoOlogy 
at Harvard University. Evans received a 

B.A. from the UniverSity of Connecticut 
in 1940, an M.S. from Cornell University 
in 1941 and a Ph.D. from the latter in­
stitution in 1949, having served in the 
Army from 1942 to 1945. From 1949 to 
1952 he taught at Kansas State College. 
For the next eight years he was on the 
faculty at Cornell, going to his present 
job in 1960. He was a Guggenheim Fel­
low in 1959. His work on the ethology of 
wasps has been supported by grants from 
the National Science Foundation. 

DENNIS H. WRONG, who in this is­
sue reviews Philippe Aries' Centuries of 
Childhood, is associate professor of so­
ciology on the graduate faculty of the 
New School for Social Research. 

'\ ! 
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This car won't do 150. It just looks like it will. 

But it will do an honest 106 mph. And for $3995 ':' the Volvo 
P 1800 gives you the Gran Turismo features that 150 mph 
cars give you for $1 0,000: disc brakes, 4-speed synchromesh 
gearbox, complete instrumentation including tachometer and 
electric clock, independent front suspension. precise steering, 
European styling and coach work. As Road & Track maga­
zine wrote, "TheP 1800 is a very civilized touring carfor peo-

pIe who want to travel rapidly in style, a Gran Turismo car of 
the type much in the news these days-but at a price that many 
people who cannot afford a Ferrari or Aston 

~ 
Martin will be able to pay." One more thing. 
The P 1800 is at your dealers now and you VOLVO 
can take it home for a test drive. Alone. Try 
that with one of those $10,000 jobs. Unh-uh. 

'MAN UFACTURER'S SUGGESTED RETAI L PRICE EAST AND GU LF COAST POE. WEST COAST POE OF $4225 I NCLUDES OVERDRIVE. OVERSEAS DELIVERY AVAI LABLE. 
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Two things determine whether or not 

a particular printed circuit connector 

is "righf for your application: 

1. How the printed circuit board 

mates with the connector, and 

2. How the connector connects to 

the rest of the system. 

Take mating, for example. Besides 

having the correct number of contacts, 

a printed circuit connector must hold 

the board securely whether the board 

happens to fall at the high or low end 

of thickness tolerances. 

IT TAKES THREE 
These considerations convinced 

Amphenol engineers that no single 

contact design could satisfy the re­

quirements of a wide range of appli­

cations. So they designed three con­

tacts that will. 

One, used in Prin-Cir* connectors, 

looks a lot like a tuning fork with lips. 

The circle lip design makes contact 

overstressing or "setting" impossible 

-even after repeated insertions. The 

contact's long spring base also enables 

it to accommodate boards that range in 

thickness from .055" to .073", while 

doing an excellent "wiping" job. 

EASY DOES IT 
But not every application requires 

the Prin-Cir "bite: For this reason, 

Amphenol engineers designed connec­

tors with ribbon contacts that mate 

with a gradual wedge-like force. In 

Be fussy 

blind mating applications, gradual mat­

ing makes the feeling of correct mating 

unmistakable. (Just the thing when 

your equipment may eventually be 

maintained by less-skilled and less­

concerned personnel.) Ribbon contact 

wedge action also makes it possible 

for connectors using these contacts to 

accept the same wide range (.055" to 

.073") of board thicknesses as do Prin­

Cir connectors. 

Finally, advances in micro-miniatur­

ization (likeAmphenol-Borg' s Intercon® 

pre-fabricated circuitry) meant that 

tinier-than-ever-before con nectors 

were needed. Amphenoi's answer was 

the Micro-Min® receptacle and printed 

circuit board adapter. Micro-Min con­

tacts are actually tiny springs of beryl­

lium copper wire, formed in a pre­

cisely designed arc to assure firm 

circuit board retention. This unique 

design makes it possible to space 

contacts on .050" centers and crowd 

19 connections into a little more than 

an inch of space. 

TERMINATIONS COUNT, TOO 
"How to connect connectors to the 

rest of the system" also merits a good 

deal of consideration. In some cases, 

hand soldered terminations will do just 

fine. In others, higher volume require­

ments call for high production rate 

methods like dip soldering and wire­

wrapping. Some engineers prefer taper 

pin terminations. 

Our printed circuit connectors are 

available with contact tails designed 

for each of these termination meth­

ods. In addition, adapters are avail­

able for use in connecting printed 

circuit boards at right angles to each 

other or in modular arrangements. We 

make printed circuit connectors with 

hermetically sealed contacts - still 

others with coaxial contacts. 

Take your choice. 

Any Amphenol Sales Engineer or 

authorized Amphenol Industrial Dis­

tributor will be happy to discuss print­

ed circuit connectors (ours) with you. 

Or, if you prefer, write directly to 

Dick Hall, Vice President, Marketing, 

Amphenol Connector Division, 1830 

S. 54th Avenue, Chicago 50, Illinois. 

·T,M. Amphenol·Borg Electronics Corp. 

Wedging action of Amphenol ribbon-type (A) 

and long spring bose of Amphenol Prin-Cir 

connectors (8) assure firm printed circuit 

board retention, whether board happens to 
fall at low (.055") or high (.073") end of 

thickness tolerance. 

(1t,1Q:I�m]) Connector Division / Amphenol-Borg Electronics Corporation 
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PROGRESS in radio communication 
depends on continuing 
improvement in micro­

wave technology. Despite steady advances in the generation 
and reception of microwave signals, the techniques for modu­
lating these signals have remained relatively undeveloped. 
Modulating, or varying the signal so that useful intelligence is 
carried, has been extremely difficult because of the nature of the 
klystron oscillator, the usual source of microwave signals. 
Under previous conditions, for example, attempts to amplitude 
modulate the output of a klystron with a sine wave have re­
sulted in major changes in the output signal's frequency. At­
tempts to pulse modulate klystron output also result in poor 
frequency stability of the modulated signal. 
Now Hewlett-Packard, with a four-year research program, has 
developed a unique proprietary PIN (positive-intrinsic-nega­
tive) diode which permits, for the first time, normal amplitude 
and pulse modulation of high frequency signals without affect­
ing the rf frequency. Where previous attempts to modulate kly­
.. trons involved changing the potentials on the klystron itself, 
the PIN diode affects only the output signal; the rf signal source 
is completely undisturbed during modulation. 
The diode consists of a minute chip from a specially diffused 
silicon wafer in which the diffused P and N surfaces are sep­
arated by a layer of intrinsic silicon. At low frequencies this de­
vice operates as a typical diode rectifier, but at high frequencies 
it behaves as a high-speed voltage-programmable absorption­
type attenuator, essentially as a linear microwave resistor 
whose resistance changes according to a bias potential. This 

. bias potential is the modulating signal, the intelligence that 
varies the effective resistance of the diode. This, in turn, varies 
the amplitude of the output from the klystron by absorbing vary­
ing amounts of the rf energy. 
Modulation of carrier signals is important both from the stand­
point of transmitted information and from the standpoint of 
testing the performance of high frequency instruments and sys­
tems in the laboratory, to be sure their characteristics are such 
that they will be useful when finally given the supreme test­
that of reaching areas as yet unexplored by man. 
Hewlett-Packard's PIN diode, then, is a true contribution to 
the state of the art. Applications for high frequency modula­
tion challenge the imagination. Incorporated in hp instruments, 
the PIN diode and its accompanying circuitry provide a prac­
tical innovation, a totally new capability in measurement. 

The Hewlett·Packard 8614A Signal Generator, which employs the PIN diode 

modulator, delivers precision uhf signals from 800 to 2400 mc and permits 

amplitude modulation of these signals from dc to 1 mc. other modulation 

capabilities include signal leveling across the band, internal square wave, 800 
to 1200 cps, and 0.5 !,sec rise time. It features an output of at least 10 mw or a 
leveled output flat within ± 0.5 db. Price, $1650. 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road, Palo Alto, California 

Divisions and Affiliates: Hewlett·Packard S.A., Geneva; Hewlett·Packard (Can· 

ada) Ltd., Montreal, Quebec; Boonton Radio Company, Dymec Division, Harrison 

Laboratories Division, HP ASSOCiates, F. L. Moseley Co., Sanborn Company. 
Plants: California, Colorado, Massachusetts, New Jersey; England, Germany. 
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How can a "bargain" temperature 
control system perform like this? 

Chalk it up to experience. Since 1947, 
United Control has designed and manu­
factured a variety of reliable aerospace 
and industrial temperature control sys­
tems, proving them in the field, the lab. 
oratory, and with analog computer studies 
even before prototypes are produced. 
Today, nobody knows temperature control 
like United Control: each fresh require­
ment can be satisfied quickly and effi­
ciently; after·delivery service is greatly 
simplified; and ·unsurpassed reliability is 
matched only by outstanding economy. ;;-(OOV ",; 
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The dependable 1793·1 Temperature Con­
trol System, used to regulate guidance 
compartment temperature in the newest 
of America's silo-stored ICBM's, was put 
through its paces by United Control's ana 
log computer. The compact, lightweight 
system, consisting of a controller and a 
pump package, established the pre-set 
temperature with operating tolerance 
:!:O.2°F. in less than 9 minutes (far better 
than required) ... and is capable of main­
taining this accuracy for full life. This 
system also provides many vital auxiliary 
functions: for example, an alarm signal if 
temperature errors exceed :!:0.45 :!:O.05°F . 
... stoppage of non-system processes if 
temperature varies by over:!: 1 r F . .. . and 
constant readout for split-second determi­
nation of guidance compartment tempera­
ture. Both instruments can be stored for 
up to 5 years after del ivery, then put in 
continuous, trouble-free service for 3 years 
.. . a total life of 8 years! 
Studies like this are only part of United 
Control's unending search for new stand­
ards of reliability and performance. Scores 
of checks, from design evaluation to 
painstaking inspection of every produc­
tion component, insure you the highest 
qual ity in temperature control systems for 
missile guidance compartments, indus­
trial storage areas, food processing plants 
and a host of other unusual aerospace and 
industrial application. Whenever the solu­
tion to your problems means temperature, 
environmental, flight or propulsion con­
trols, or accessory systems and equip­
ment, call United Control: serving Ameri-

. can industry-where reliability counts. 

UNITED CONTROL CORPORATION 
OVERLAKE INDUSTRIAL PARK, REDMOND, WASHINGTON 
Phone: 206-885-3711 TWX: 206-999-1874

' 

Palomar Scientific Corporation and United Data Control, Incorporated - Subsidiaries 
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NOT JUST ANOTHER SORTER! 

NCR 406 
SORTER-COMPARATOR 

YES, the NCR 406 is NOT just another SO-column-card sorter. 

NO, we are not trying to confuse you with double talk. We just want you 

to know that we are now marketing a remarkable, new machine designed to 

reduce card handling costs in tabulating departments and data processing 

installations. And it's completely compatible with existing SO-column punch 

card installations. 

The NCR 406 combines, in one unit, features that are normally associated 

with more than one piece of equipment. Some of these standard features are: 

an electronic memory, dual reading stations, and 14 sorting pockets. 

All the features of the NCR 406 Sorter-Comparator are explained in a 

comprehensive brochure prepared especially for data processing managers 

who are interested in reducing card handling costs and improving card pro­

cessing techniques. 

Write for your copy today! Address: NCR, Dayton 9, Ohio. 

NCR PROVIDES TOTAL SYSTEMS-FROM ORIGINAL ENTRY TO FINAL REPORT­
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING 
The National Cash Register Co. -1,'33 offices in 151 countries· 79 years of helping business save money 
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One of a series brielly ,'escribing G,U's rescllrc" in ,'cpll • 

.... ' . ... ". ! � 

The, o�ikc�{ a t {eft ar� n�t fQund. 
{3ut;l�y: ?-'heavy book on the� an9 p',ish. The book 
glic{e� smoothly with no vertical �omponent of·motion. 

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

Or �nea�ure th�in with � micrometer caliper. Like a sphere, 
their "diatneters" are everywhere constant. 

. . 

Th�y are m�rriber.s of-a family" of surfaces having constant 
width. It's their less brazen cousins that are troublesome, 

.. though. Many machined paxts, for instance, may be 

constant in diameter but out of round. Bearing balls. 
Journals. Holes. You name it. A smidgen of out of 
roundness would remain invisible to the eye and 
undetectable by two-point measurements. 

Prompted by automotive and space-age needs, engineers 
at our Research Laboratories have been developing new 
techniques for measuring, analyzing, and specifying these 
subtleties of surface geometry . For example, they built a 
special roundness measuring instrument about a precision 
spindle. Called the Roundicator, it detects roundness 
deviations of less than 1 millionth of an inch on parts up 
to 18 inches in diameter. Scaled up some 30 million-fold, 
that's about a 3-foot dimple on an Earth-size ball. 

These pioneering studies of roundness and its ramifications 
are typical of how General Motors engineers are finding 
a better way -through research in depth. 

General Motors Research Laboratories 
Warren, Michigan 

0.000053 in. 

�'Roundicator" chart of a I-in. standard used to check 
micrometers. Diameter is constant to within 11 micro­
inches. but disc is out of round by 53 micro inches. 
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The Mekong River Plan 

In spite of lnany- political obstacles, four southeast Asian nations 

helped by- 14 others under UN auspices are engaged in thorough
. 

advance planning for a historic experilnent in river development 

T he winding vellow streams of the 
lower ;Vlekong River system in 
southeast Asia are currently the 

scene of a historic international experi­
ment in river development. Some 20 mil­
lion citizens of four nations-Cambodia, 
Laos, Thailand and Vietnam-live with­
in this watershed. Their numbers are 
bound to double in the next 25 years. 
The dominant rhythm of their economic 
life is the annual cycle of monsoon rains 
and dry season, of flood and drought on 
their land. To advance the welfare of 
these peoples and help them to build 
stable societies, 14 nations and the 
United Nations are assisting the four 
countries in a co-operative undertaking 
to realize the abundance of the waters 
of the lower Mekong. This venture is 
unique in three respects. It is the first 
such effort in the UN family. It is the 
first to marshal knowledge from the so­
cial as well as the natural sciences on 
such a large scale in setting the aims, 
priorities and methods of river-basin 
management before the moving of earth 
or the pouring of concrete. It exacts in­
ternational co-operation in a region 
where political relations are unstable and 
where an untoward turn of events-or 
the mistakes of administrators-could 
destroy the enterprise overnight. 

The Mekong is one of the world's great 
rivers. Exclusive of its reaches beyond 
the Chinese frontier, it drains an area of 
307,000 square miles, a watershed great­
er than that of the Tigris-Euphrates of 
the r-diddle East or the Columbia of the 

b�- Gilbert F.W-hitc 

northwestern U.S. In its volume of flow 
at low water it ranks with the Irrawaddy 
of Burma, and it is several times larger 
than the Indus of India and Pakistan and 
the Yellow River of China. Man has tam­
pered only a little with it. A few small 
dams have been built on tributaries in 
Thailand; there are bits of levees along 
the main stem; the flatlands of the allu­
vial valleys below Sambor have been cut 
here and there with channels for irriga­
tion and drainage or for navigation. 
Nowhere is the main channel yet crossed 
by a bridge; nowhere is it curbed by a 
dam. The great bulk of its water flows 
from source to sea without human use. 

The present studies and the vision that 
inspire them had their origin in a pio­
neering appraisal made by P. T. Tan and 
his associates in the flood control bu­
reau of the UN Economic Commission 
for Asia and the Far East (ECAFE). In 
its major outline the work reflects the 
findings of a reconnaissance conducted 
for ECAFE by the Bureau of Reclamation 
of the U.S. Department of the Interior 
and the recommendations of a UN engi­
neering mission headed by Lieutenant 
General Raymond A. Wheeler, who had 
been deputy commander of the Allied 
bases in this region during W.orld War II 
and was later chief of the U.S. Army 
Corps of Engineers. The Wheeler Mis­
sion recommended in particular that a 
series of detailed studies precede any 
construction. The four nations had 
signed an agreement on September 17, 
1957, authorizing the work under an in-

ternational co-ordinating committee op­
erating with staff aid and sponsorship 
supplied by ECAFE. 

During 1961 and 1962 I joined with 
three colleagues (Egbert de Vries, 
Harold B. Dunkerley and John V. Kru­
tilla) in a study supported by the Ford 
Foundation of the economic and social 
aspects of the undertaking that we have 
now filed with the co-ordinating com­
mittee. This experience provides much 
of the factual material for the present 
article. It should be understood, how­
ever, that my comments on emerging 
problems and their political implications 
go beyond the committee's authority and 
our assignment as its consultants and are 
made on my personal responsibility. 

Confidence in the central premise of 
the enterprise-that the long-run 

social development of the region requires 
the management and distribution of the 
lower Mekong waters on a basis that 
comprehends the lower basin as a whole 
-has grown stronger as the work has 
gone forward over the past half decade. 
Given the political history of the region 
during this period, the continuation of 
the work seems incredible. Twice since 
the formal planning for the Mekong be­
gan, Cambodia and Thailand have 
broken off diplomatic relations; Laos and 
Vietnam have each been divided by civil 
war. Even now parts of the Annamite 
plateau country and the delta lands of 
Vietnam are controlled by guerrillas. 
This is hardly the setting for internation-
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al collaboration in resource management. 
Yet for the present the work is going for­
ward, setting administrative precedents, 
engaging the energies of devoted people 
in the four nations and drawing on the 
human and material resources of 14 
other nations. 

Politics has excluded the upper basin, 
which lies within the People's Republic 

of China, from the planning to date; 
China, not being a member of the UN, 
does not participate in the activities of 
ECAFE. This removes from consideration 
74,000 square miles of the total drainage 
area, all of it lying in the high, rugged 
Tibetan plateau and in the long, precipi­
tous gorge cutting down through the 
Yunnan Plateau from altitudes of 10,000 

to 5,000 feet, paralleling the upper 
gorges of the Salween and Yangtze 
rivers. Ideally the entire stretch of 
the river should be embraced in the 
planning, but for two reasons the divi­
sion at the present line does not seem 
crippling. The excluded territory is so 
high and dissected that it offers little op­
portunity for agriculture or dense settle-

60 
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BASIN OF MEKONG RIVER (white hatching at far right) in 

southeast Asia is one of 55 international river basins that include 

more than 100,000 square kilometers. Its total area of 987,000 square 

kilometers (381,000 square miles) makes the basin the 25th in size 
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ment and is therefore unlikely to make 
heavy demand on the flow of water. 
There are sites for large-scale hydroelec­
tric power installations, but if these did 
not involve diversion of water, they 
would affect the river regimen chiefly by 
storage during periods of high flow and 
thus would be helpful to water manage­
ment downstream. 

The major portion of the Mekong 
waters is gathered in the lower basin, 
where the mean annual rainfall ranges 
from 40 to 150 inches a year. In 1960, a 
near-average year, more than 100 million 
acre-feet (an acre-foot of water covers 
one acre to a depth of one foot) flowed 
past Pa Mong on the Thailand-Laos 
border, 1,000 miles from the mouth; here 

is a site for a storage reservoir with a 
capacity three times that of Lake Mead, 
the reservoir behind Hoover Dam on 
the Colorado River. Without holdover 
from flood seasons and even in the driest 
years, the flow at this point is expected 
to be sufficient to irrigate more than a 
million acres without encroaching on 
flow requirements in the lower reaches. 

in the world, but even in the dry season the Mekong carries more 
water than many rivers that have larger basins. Basins of 100,000 to 

a million square kilometers are in lighter color; those of more 

than a million square kilometers are designated by darker color. 
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�Iost parts of thc basin ha\'e a pro­
nounced wet season in thc summer and 
early fall and a dry season in the win­
ter and spring months of the year. Rice 
is thc dominant crop evervwhere. Its 
cultivation in padd�r fields, with water 
supplied by seasonal inundation, crowds 
a major portion of the population into 
the alluvial lands of thc dclta and the 
lowlands of the main stream and its 
llumerOus tributaries. In �erm,s of arca, 
on' the ot/ler hand, more of the land in 
the basin is ' covet'ed ·by the shifting cul­
tivation of ap:land rice :"'locl associated,. 
crops.;. th e forest i� bUJ'ned, the land i is 
cleiil' ed and cropp�d 'f01' two to five years 
add is then' ab'i,�) do:ncd for a longer' 

:'Iieriod, d.uring ,,,;hich regrowth o'f the 
forest restoTe,s the depleted s.oil. Uncler 
this primitive modc of agriculture, which 
prevails over, lll(ich of the tropic,!l re-' 
gions of the world, it can bc said that 
there is land to spar� in the basin, in con­
trast to manv other -parts of Asia. There 
is little land, ho\vever, that coukl be 
claimed for intensive lise without de­
struction of the soil or elaborate measures 
of conservation anchlliprovement. Farm­
ing practice throughout the basin is 
adapted to the arrival, duration and vol­
ume of the monsoon rains and to thc risc 
and fall of the rivers, In gcneral it can be 
said that from scason to season and vear 
to year therc is eithcr too much water or 
too little. The task of water management 
calls at once for drainage and for in'iga­
tion-for measures that will carrv over 
the water from the wet SC,lson to the drv 
and distribute it more cvenly in time and 

<r--j-----_115 on the land. 
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PARTS OF SIX COUNTRIES are drained by the Mekong River, which flows out of heights 
of the Tibetan plateau in China. The area of the proposed lower Mekong development in· 

dudes most of Camhodia and Laos, about half of Vietnam and a third of Thailand. The small 

portions of the river basin lying in China and Burma have not been included in the plan. 
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Over so vast a territorv, of course, such 
gcneralizations do not hold without 
amendment and qualification with re­
spect to specific local conditions. The 
gross patterns or present and potential 
water use that have emcrged from the 
project studies dividc thc basin into nine 
regions, each with a somewhat homo­
geneous combination or annual water 
balance and water-management oppor-
tunities [see i/lll�t/'(/lioll 011 opposite 
pagel. In the densely populated lower 
delta region the Hat land is bevond the 
reach of Hoods but is subject to the haz­
ard of intruding salty water; drainage is 
required for intensive rice and vegetable 
cultivation, and irrigation is possible 
where the How in the distributarv 
streams is sufficient to prevent salt in­
trusion during clrv periods, In the mid-
dle-delta and upper-delta-Grand Lac 
regions the annual Rood hazard is seri­
ous, and relief will ultimately involve the 
entire complex of dams and storage res­
ervoirs in the distant reaches of the main 
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Blake eultivation possible in new lands and would allow seeond· 

cropping in several regions. Ultimately river {'ould be made navi­

gable from mouth to Vientiane, opening Laos to shipments 

fronl overseas. Most tributaries eould furnish hydroelet·trit' power. 
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and more than 200. Hatching marks boundary of Mekong valley. 

More than 20 million people live in the region of the lower 

Mekong, grouped largely on the Korat Plateau and in the upper 

and middle delta. The map is based largely on population estimates. 
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stream and tributaries. At the height of 
flood in the main stream the water 
actually flows upstream in the TonIe Sap 
into Grand Lac; project investigators 
are looking into the possibility of con­
trolling the lake as a reservoir. In the 
streams that drain the forested Carda­
mon and Elephant mountains small 
heads of water for electric-power genera­
tion can be captured by dams and the 
water impounded for dry-season irriga­
tion of the lands in the South Cambodia 
region. Harnessing of the flow in the 
main stream at the several promising 
sites between Sambor and Khone Falls 
would supply water to irrigate certain of 
the thin soils of the North Cambodia re­
gion, and the improvement in navigation 
would make the rough and sparsely set­
tled terrain of the southeast-tributaries 
region more accessible to development. 

In the heavily populated Korat Pla­
teau region much of the alluvial bottom 
land is flooded so deep each year as to go 
uncultivated; yet in the dry season this 
area suffers the greatest water deficiency 
in the entire basin. Here flood control 
and irrigation must go hand in hand. 
There are only a few substantial power 
sites in the low-gradient tributary 
streams, but the Pa Mong site to the 
north offers a huge block of power and 
of water for diversion southward on the 
plateau. In the rugged northeast tribu­
tary and northern mountain regions the 
steeply falling streams provide manv 
sites for cheap power and for the storage 
of water to irrigate the lands on the gen­
tler slopes and lower plains where these 
streams join the main stream. 

'fhe major cities of southeast Asia-the 
Vietnamese capital Saigon-Cholon on 

the eastern edge of the Mekong delta 
(with a population of a million) and the 
Thai capital Bangkok at the mouth of the 
Chao Phraya (with a population of simi­
lar size) -are outside the basin. Except 
for the 500,000 in the Cambodian capital 
Phnom Penh and the 100,000 in the Lao­
tian capital Vientiane, the population in 
the basin is largely rural. Although for 
the great majority labor in the rice 
paddies and upland fields yields little 
more than subsistence, the region de­
pends on agricultural surplus for export. 
Rice, rubber, teak and a few other pro­
ducts of field and forest constitute the 
principal commodities that enter the 
monetarv economies of the four countries 
and move in the channels of trade 
among them and with the world outside. 
During the past 10 years great numbers 
of refugees have moved from the north 
to the delta in Vietnam, the hill tribes 

of Laos have suffered displacement and 
there has been a steady emigration from 
the Korat Plateau into the central plain 
of Thailand and the city of Bangkok. 

Estimates of present and future needs 
for purposes of planning development 
are heavily conditioned by uncertainty of 
data, including such basic data as popu­
lation statistics. It does appear, however, 
that the population of the four countries 
now totals about 48 million. A conserva­
tive p'rojection, assuming a continuing 
decline in maternal and infant death 
rates in a population now strongly 
grouped in the younger age brackets, 
and assuming that birth rates will be 
high even if birth control spreads and 
living levels rise, indicates that the popu­
lation may grow at the rate of 3 per cent 
per year for the next 25 years. At that 
rate the population of the four countries 
will exceed 90 million by the last decade 
of this century. 

To secure the food requirements for 
that number of people and a surplus 

for the foreign exchange necessarv to 
generate a modest-50 per cent-increase 
in income from other economic activities 
will require an increase in production of 
milled rice from a present total of eight 
million tons to 17 million tons. Current 
exports of rice from Cambodia, Thailand 
and Vietnam run at about two million 
tons; in the interest of foreign exchange 
it will be desirable to increase this figure. 
There is reason to think that in recent 
years rice production in the three coun­
tries has been increasing at about 2 per 
cent per year; at this rate population 
growth will soon overtake production 
and eat up the surplus. It is apparent that 
the rate of increase in rice production 
must be accelerated to 3.5 or 4 per cent 
per year. Forecasts and plans must also 
reckon with concomitant increases in 
secondary crops and livestock products 
in response to changes in food habits and 
nutritional needs. Toward the support of 
economic growth, external demand for 
the forest products of the basin and for 
rubber may be expected to grow. 

If the 50-per-cent improvement in in­
come per capita is to be achieved, indus­
trial output will have to grow at the rate 
of 6 or 7 per cent per year. A substantial 
portion of this activity is likely to be in 
the processing of agricultural and forest 
products. �Tithout assuming the build­
ing of large industry serving regional or 
world markets, it appears that electric­
power demand might increase five- to 
sevenfold. 

Still another major item on the agenda 
of the future is transportation. At present 

the lack of adequate transportation 
routes and facilities presents a major 
obstacle to economic growth. Improve­
ment is essential to the shift to mone­
tized economy and efficient use of re­
sources. 

I t is apparent that water management 
has a central role to play in the attain­

ment of all of these objectives. Major 
increases in agricultural production, in 
the first place, rerluire the balancing of 
the water surplus and the water defi­
ciencv that present such hazards to agri­
culture today. Irrigation will make pos­
sible the cultivation of a second crop of 
rice over large areas of the basin; drain­
age will improve yields from the regular 
wet-season crop; and flood control will 
reduce the riSkS that now discourage the 
investment of seed, fertilizer and labor 
in the single crop that is raised. In many 
of the tributaries and along the main 
stream the regulation of high and low 
flows will involve dams and reservoirs, 
because the concentration of high runoff 
in the valleys is little affected by small 
local works. Individual dams on the 
upper tributaries will have to be oper­
ated in conjunction with others in the 
same system before substantial reduc­
tion of floods can be assured in the prin­
cipal valleys, and onlv very large in­
stallations on the main stream of the 
Mekong can affect flood heights a,1preci­
ablv in the alluvial areas below Sambor. 
Over large regions where slash-and-burn 
agriculture is now practiced, irrigation 
combined with careful soil management 
can stabilize yields and make possible 
thc diversification of crops. As my col­
leaguc De Vries likes to put it, water 
mav here replace fire as an agricultural 
tool. 

Since prospecting in the sedimentary 
basins and plateaus has not so far re­
vealed any major deposits of fossil fuels, 
the stream system offers the chief means 
of generating electric energy. The great 
opportunities are on the main stream, 
where there are likely dam sites that 
command flows the size of that on the 
lower Columbia River and heads of 60 
to 180 feet. Virtually all the tributaries 
have some hydroelectric potential. The 
conspicuously attractive sites are in the 
Nam Theun and other east-bank tribu­
taries in middle Laos that drain the 
heavy plateau runoff through steep, 
short vallevs. 

Dams built for water storage and 
power will help to open the main stream 
as a transportation route. In the reaches 
of the distributaries in the delta country 
below Phnom Penh the maintenance of 
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stable, well-marked deep channels would 
encourage coastal and overseas shipping. 
Upstream there can be improvement of 
channels between the stretches of rapids 
for seasonal navigation. Conversion of 
the Mekong into a year-round deep­
water channel to Vientiane-1,000 miles 
from the sea-would open up the land­
locked areas of the basin to bulk ship­
ments by water. The necessary engineer­
ing works would be too costly, however, 
if they were not combined in power and 
flood-control structures with savings 
from joint purpose and large scale. 

Although the inhabitants of the coun­
try below Sambor have learned to live 
with floods-cultivating, for example, 
special varieties of floating rice that sur­
vive rising waters and give a harvest­
the river in some years can bring catas­
trophe to farm and village. A number of 
towns, such as Phnom Penh, are built on 
natural levees or are protected by natural 
levees that may be overtopped by the 
rare great floods. Certainly flood control 
will become increasingly imperative as 
farming is extended and urban life 
spreads into new areas. 

If the full array of possible measures to 
put the river to human use were to 

be applied over a period of perhaps 100 
years, the total investment might run to 
$7 billion at current prices. Even with 
generous external aid, heavy local con­
tributions would be required. To main­
tain such a rate of investment would call 
for expansion of total economic activity 
to levels not yet attained by any of the 
countries but not beyond the realm of 
possibili ty. 

As of today it can be said that the first 
$14 million of investment in this vision 
has been committed. The figure is a 
small one, but it is larger than any pre­
viously assembled for a multilateral in­
ternational enterprise under the auspices 
of the UN. The money has gone to fi­
nance the surveying and engineering 
work that must precede construction. 
Since this work involves skills that are 
still rare in the populations of the four 
nations of the Mekong basin, the per­
sonnel supplied by the other participat­
ing nations and by international agen­
cies have helped to gain precious lead 
time. 

By 1964, with Canadian and U.S. as­
sistance, the project's planners will have 
at their disposal topographic maps of the 
basin on a scale of 1:50,000. Meanwhile 
the Canadians, with aid from the Fili­
pinos, are completing large-scale maps of 
selected river reaches for use in dam-site 
and irrigation-project studies; to estab-
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lish ground control for aerial photogra­
phy precise levels have been run along 
the main line of the river. Geological in­
vestigation of the dam sites for several 
of the likely major projects has been 
handled by the Australians, not without 
personal hazard from unfriendly guer­
rillas. The fundamental observations of 
precipitation and stream flow are going 
forward on a network established by a 
u.s. engineering firm and now main­
tained by local personnel with assistance 
from the World Meteorological Organ­
ization. Improvement in navigation has 
been supported by the United Kingdom 
and New Zealand, with a hydrographic 
survey under a grant from the UN Spe­
cial Fund for International Develop­
ment. 

A heavy part of the work has centered 
on engineering and associated studies 
looking to preliminary plans for dams on 
the main stream and on the tributaries. 
Three main stream sites are receiving 
attention at present. At Sambor in Cam­
bodia a Japanese team is at work; engi­
neers from the U.S. have made a prelim­
inary examination of the Pa Mong site, 
and Indian engineers are preparing a 
comprehensive report for the Tonie Sap 
project in Cambodia. The last, with its 
possible effects on water, sediment and 
fish life in the Grand Lac area, requires 
examination of silt and fisheries data 
collected by French workers, and it 
would have major effects downstream in 
the delta. In that area there is a small 
experiment in reclamation of the land 
through drainage and irrigation, and a 
mathematical model of water volume 
and density is being prepared under a 
UNESCO contract supported by the UN 
Special Fund. 

A Japanese group has completed a 
reconnaissance survey of all the tribu­
taries, and more detailed surveys are 
being conducted by Japanese, French 
and U.S. engineers at seven sites. All of 
these involve irrigation and power de­
velopment. At or near four of these sites 
the Special Fund, in collaboration with 
the UN Food and Agriculture Organiza­
tion, is setting up experimental farms. 
Other countries are also taking part in 
the tributary studies: Pakistan is plan­
ning the irrigation-distribution system at 
the Nam Pong site in Thailand and Is­
rael is helping with irrigation design and 
project review for the Prek Thnot in 
Cambodia. 

Israel and the Republic of China have 
contributed cement. Iran has donated 
the petroleum for use in the land and 
water transport of the survey teams. The 
World Health Organization, the Interna-
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tional Atomic Energy Agency, the In­
ternational Labor Organization and 
UNESCO have sent experts to deal with 
special problems. 

Large-scale construction of dams, 
canals and channels does not in itself 
guarantee solution to the long-term 
needs of the rapidly growing population 
in this region. Experience with several 
score small-scale projects built on the 
Korat Plateau during the past decade 
shows that, even though the dams, spill­
ways and outlet works were soundly de­
signed, the water is little used and does 
not reach all the paddies that ought to 
have benefited. There has been difficulty 
or delay in getting proper canals built, 
in laying out the distributary ditches and 
drains, in advising farmers on methods 
and seeds and in managing suitable 
transport, credit and market facilities for 
the hopefully enlarged harvest. By the 
same token any extensive growth in 
manufacturing would depend in large 
measure on revision of conditions and in­
stitutions, habits and outlook among 
people of all classes. Near the heart of 
the problem is education. With adult 
literacy at about 50 per cent in Thailand 
and 20 per cent in Cambodia, Laos and 
Vietnam and with something like the 
same percentages of school-age children 
in school in each country, the expansion 
of elementary and secondary schools 
ought to have high priority in the na­
tional development plans. Technical and 
physical works have highly significant 
roles to play, but they must be evaluated 
in the broader context of the less visible 
and tangible social transformations that 
must accompany them if they are to 
scrve their purpose. 

The most urgent question confronting 
the Mekong planners, my colleagues 

and I found, is to decide when the basic 
studies have reached a stage that war­
rants embarking on construction. Ad­
ministrators and citizens alike yearn to 
see earth move, concrete structures rise 
and power lines make their giant strides 
across the green terrain. The engineer 
and the economist directly responsible 
for the study are subject to pressure not 
only from above and below but from all 
sides-from agencies competing for in­
vestigation and investment funds. As the 
reports from engineering teams pile up 
on the table of the co-ordinating com­
mittee, its members will face extremely 
difficult problems of choice in terms of 
internal feasibility and the relation of 
projects to one another within the basin 
and to other forms of national develop­
ment activity. Our mission urged that the 
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collection and analysis of  social and eco­
nomic data be advanced promptly to 
catch up with the lengthening shelves of 
technical and physical reports. Power 
markets should be assessed, agricultural 
measures should be appraised, land 
capability should be inventoried and a 
systems analysis should be carried out . 
Certain of the needed studies are already 
under way. 

Some data of this kind cannot be as­
sembled from archives, questionnaires or 
head counts. We recommended that the 
experimental and demonstration effort 
be pushed on a larger scale than that of 
the experimental farms. The complete 
village setting is necessary to test and 
predict the effects of some measures. It 
would be desirable to get a project of at 
least 6,000 acres in operation in connec­
tion with one of the tributary dams. 

Perhaps the most urgent need is for 
the training of agricultural advisers to 
work in the villages and provincial 
centers. Without competent and devoted 
workers who are ready to get their feet 
wet in the paddy fields, the benefits of 
much engineering investment might 
never be developed. To train as many as 
6,000 village workers and 1,000 more for 
service out of the provincial centers over 
the next 10 or 15 years would in itself be 
a tremendous task. Their training might 
be initiated at the pilot farms now being 
organized. 

An equally critical need is for a rela­
tively few highly educated individuals 
in the agencies of the governments who 
are llualified to prepare, review and re­
vise the schemes for water management 
in relation to the scheme for the basin as 
a whole and the economic policies of 
their countries. An expert from the out­
side cannot acquit responsibilities of this 
kind. Nor can a central lower Mekong 
staff, however competent and enlight­
ened, be charged with essentially na­
tional decisions. 

Some of the other personnel require­
ments seem easier to meet. The training 
of workers to handle and maintain earth­
moving equipment can be accomplished 
in a matter of 18 to 24 months. The engi­
neering skills are demanding, but the 
Royal Irrigation Department in Thailand 
has shown that a competent engineering 
office can be set up in the region. Until 
these skills are more widely established 
in the population, however, personnel 
equipped with them can be imported. At 
present the start-up of four projects on 
the tributary rivers would call for more 
professional workers than the four coun­
tries now have in their employ. 

In setting human and cultural de-

mands of this kind the program for water 
management in the Mekong basin be­
comes the organizing force behind more 
subtle aspects of social change. Since one 
cannot wait for the other and both water 
management and social change must go 
forward together, our mission recom­
mended that the four countries should 
proceed forthwith on the speCifications 

INTENSIVE CULTIVATJON of rice in 

Cambodia is shown in this aerial photo· 
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for and construction of a few tributary 
projects. We did so in the belief that the 
values of early experience and action-in 
the management of agricultural develop­
ment as well as dam-building-would 
outweigh the possible social costs of 
undertaking a less fruitful project or one 
that would later hamper optimum de­
velopment downstream. 

Within recent weeks commitments 
have been made for financing the first 
multipurpose dam on the tributaries. The 
West German government has agreed to 
lend Thailand the equivalent of $ 1 1  mil­
lion for the Nam Pong project. If polit­
ical conditions are favorable and if rea­
son and vision can find their way into the 
construction and administration of the 

lower Mekong program to the same de­
gree that they have emerged in the studv 
stage, this program may become the first 
genuinely international and peaceful 
venture in river-basin development. It 
may thereby help to remove the ob­
stacles that stand in the way of the de­
velopment of international rivers else­
where in the world. 

graph made by Hunting Survey Corporation Limited for the Cana· 

dian government under the Colombo Plan program. North is at bot· 
tom. Small town I lower right ) is Sambor, where a large dam may 

be built on the Mekong. Shape of fields is typical of rice paddies. 
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PLANETARY NEBULAE 

These peculiar celestial objects consist of 

surrounded by a sphere of luminous gas. The 
a hot, dense star 

comparison of old 

and ne,v astronomical photographs elucidates their mecb anislTI 

T
he 18th-century French astrono­
mer Charles Messier, searching the 
sky for comets, located 103 dif­

fusely luminous objects that remained 
fixed among the pinpoints of light that 
are stars. Of these "nebulae," 34 have 
been identified as island universes, now 
called galaxies; 57 as clusters of stars 
within our own Milky Way galaxy; seven 
as diffuse nebulae, or clouds of inter­
stellar material lighted by stars; and 
four as planetary nebulae. (One object 
has never been confirmed; it was pre­
sumably a telescopic "ghost" but may 
have been a comet that the comet-hunter 
Messier missed.) The adjective "plan­
etary" was attached to this class of nebu­
lae when more of them were discovered, 
around the middle of the last century, in 
the same telescopes that had disclosed 
the existence of the trans-Saturn ian plan­
ets Uranus and Neptune. The new 
planets and the planetary nebulae both 
appeared as faint greenish disks of about 
the same size. The resemblance was 
striking and suggestive but in each case 
a few nights of observation showed that 
the unknown objects did not move 
against the background of the stars. 

Modern reBecting telescopes have 
now catalogued more than 500 planetary 
nebulae. Characteristically they are 
faintly green in color; many are circular 
in outline, with a sharply defined outer 
perimeter, and the forms of others range 
from slightly elliptical "smoke rings" to 
confused arrays of knots and loops. In 
almost every instance a star can be seen 
at the precise center of whatever sym­
metry there may be. If this central star is 
not reddened appreciably by interstellar 
dust or by the earth's atmosphere, it in­
evitably appears steely blue, suggesting 
at once to the astronomer a temperature 
measured in the tens of thousands of de­
grees Kelvin (degrees centigrade above 
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absolute zero); estimates in some cases 
place the temperature above 100,000 
degrees K., making the central stars pos­
sibly the hottest reasonably permanent 
stars in our galaxy. Spectroscopic ex­
amination of the greenish nebulosity 
surrounding these stars confirms such 
estimates. 

Dominating that part of the spectrum 
over which the eye is sensitive are two 
bright emission lines at wavelengths of 
5,007 and 4,959 angstrom units, nearly 
at the center of the green region. These 
lines, never seen in terrestrial labora­
tories, were at first attributed to an 
undiscovered element, appropriately 
named "nebulium." Ira S. Bowen, now 
director of the Mount Wilson and Palo­
mar Observatories, showed in 1928 that 
the radiations are emitted by oxygen 
atoms doubly ionized (that is, stripped 
of two outer electrons) by the intense 
radiation from the star and persisting in 
this state because they are present at a 
density far below that attained in the 
best vacuums produced on earth. 

T hat there is a physical connection be­
. tween the hot central star and the 

immensely large surrounding envelope 
of extremely tenuous gas is obvious. The 
precisely central location of the star sug­
gests that either the gas was once ejected 
by the star (or continues to be ejected by 
it) or that the gas is falling into the star, 
becoming visible as it comes within 
range of ionization by the energy radiat­
ing from the stellar surface. Spectro­
grams of the light from the cloud show 
that the gas is indeed in motion and even 
give a precise measurement of its veloc­
ity. But the spectrogram does not tell 
whether the gas cloud is expanding or 
contracting. Curiously, the answer to this 
question has come from the transparent­
ly simple procedure of making a direct 

comparison of the size of the gas clouds 
as shown in recent photographs with the 
size shown in photographs taken by the 
same telescope more than 60 years ago. 
In terms of astronomical time, of course, 
60 years is an exceedingly brief interval. 
What is extraordinary-as a reBection of 
the dynamism of the processes in these 
stars and their gas clouds-is that this 
elementary stratagem showed significant 
results. 

The distance of the planetary nebulae 
from the sun makes it difficult to trans­
late their "apparent" features, as seen by 
the observer, into quantitative informa­
tion about their "absolute," or actual, 
size, brightness and so on by means of 
the standard procedures of astronomy. 
For example, since the image of the 
nebula subtends a measurable angle on 
the photographic plate, it should be pos­
sible to compute the actual dimensions 
of the gas cloud by straightforward trigo­
nometry. This requires an accurate meas­
urement of the distance, however, and 
the measurement is uncertain by a factor 
of at least two for all but a few of the 
planetary nebulae. One of them is just 
close enough to the solar system for its 
distance to be derived by the triangula­
tion method that uses the diameter of 
the earth's orbit as its base line. This 
object is number 7293 in the New Gen­
eral Catalogue of galaxies, star clusters 
and nebulae, which replaced Messier's 
catalogue in 1888. Triangulation shows 
that NGC 7293 lies about 300 light­
years away in the direction of the con­
stellation Aquarius. Its apparent diam­
eter is 15 minutes of arc, half that of the 
full moon; its absolute diameter must 
therefore be 1.3 light-years. Another 
rather small planetary nebula is a mem­
ber of a globular cluster, for which the 
distance is reliably established by 
methods appropriate to these objects. A 
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RING NEBULA In Lyl'H (above) is a typical planetary nebula . AI· 
though the outer ijhell tonsists alm08t entirely of hydrogen, its 
predominantly grelln light ie emitted by doubly ionized oxygen 
IItoms. Tht! bl!l�ne8� 01 the c�ntr,!l star indicates thnt it i very hot. 

DUMBBELL NEBULA in VuJpecula (below) was photographed 
on film with low sensitivity to green wavelengths. As a result blue 
wavelengths of ionized hydrogen predominate. Both photographs 

were made with the 200·ioch telescope on Palomar Mount'liu. 
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DISTRIBUTION OF LIGHT AND MATTER in the Ring Nebula 

is shown in this series of photographs made in four different wave· 

lengths with the 200·inch telescope. Light from highly ionized neon 

(top left) and helium (bottom left) tends to fill the "hollow" 

center of the shell, whereas doubly ionized oxygen (top right) and 

neutral hydrogen (bottom right) are detectable only around the 

perimeter. Radiation from the hot central star strips away all 

but the most tenacious electrons from the atoms of the inert gases. 
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more average-looking planetary nebula, 
NGe 246, has a central star about which 
can be seen revolving (within the nebu­
la) a second star with characteristics 
typical of stars found relatively close to 
the sun. Knowledge of the absolute 
brightness of such stars, combined with 
measurement of the apparent brightness 
of this star, enables one to calculate 
the di·stance to this system with some 
confidence. 

For the class of planetary nebulae as a 
whole, however, there is no basis for 
estimating the absolute brightness of 
either the central star or the nebulositv 
surrounding it. The brightness "yard­
stick" that measures distances to other 
stars by comparison of their known or 
estimated absolute brightness with their 
measured apparent brightness cannot 
therefore be applied to planetary nebu­
lae. About the best astronomers can do is 
to make a guess as to true size and 
brightness and combine this with angu­
lar size and apparent brightness to derive 
a crude estimate of distance to a given 
nebula. 

Arguing back and forth, from size to 
distance and from distance to size, and 
taking a sufficient number of cases, one 
can arrive at some brave generalizations. 
The largest planetary nebulae would 
seem to be as much as a few light-years 
in diameter and the more typical a half 
light-year in diameter. Since the larger 
nebulae generally have a lower surface 
brightness they become more difficult to 
see at greater distances, particularly in 
those regions of the sky closer to the 
Milky Way (the central plane of the 
galaxy) , where there are greater concen­
trations of stars, dust and gas; the larger 
nebulae nonetheless show a tendency to 
be located near or in the spiral arms of 
the galaxv. The more compact and 
brighter nebulae also tend to lie in the 
galactic plane, but with a particular 
concentration in the direction of the nu­
cleus of the galaxy near the constellation 
Sagittarius, the most distant being about 
30,000 light-years away. In the great 
nearby spiral galaxy in Andromeda those 
planetary nebulae that can be resolved 
bv the big reflecting telescopes show the 
same general distribution. 

The central stars that generate the dif-
- fuse luminosity of the nebulae show 

varying luminosities up to 100 times that 
of the sun. Luminosity is here used in its 
special sense as an index of the total 
energy radiated from the star and repre­
sents the intrinsic brightness as meas­
ured by a detector equally sensitive to all 
wavelengths. Unlike the sun, one of 
these "bluc-hot" stars radiates most of its 

energy in the ultraviolet and so does not 
give out as much visible light. Because 
the amount of energy radiated by each 
unit area of the star's surface depends 
solely on the fourth power of the tem­
perature, it is possible to calculate the 
radius of a star, given its luminosity aDd 
its temperature as indicated by the dis­
tribution . of the luminosity across the 
spectrum. A typical central star of a 
planetary nebula, with a luminosity of 
10 suns and a surface temperature of 
35,000 degrees K., would have a diam­
eter of only 73,000 miles-close to that 
of the planet Saturn and a twelfth that of 
the sun. Because stars vary relativelv 
little in mass, such a star must have a 
mean density 2,400 times the density of 
water and 1,800 times the mean density 
of the sun. 

Such a star, according to the currentlv
· 

accepted scheme of stellar evolution, is 
very likely an old star. This is borne out 
by the fact that one planetary nebula 
appears in a globular cluster, the stars of 
which were formed more than 10 billion 
years ago. It is not supposed, however, 
that the central star of a typical planetarv 
nebula was always so dense. Rather, it is 
thought that recently-perhaps as recent­
Iv as 100,000 years ago-the star was an 
enormous red giant or supergiant star 
that shucked its outer layers and con­
tracted to an extremely hot core of a star. 
This crisis in the evolution of a star is set 
off by the exhaustion of the star's nuclear 
fuel; the sudden failure in the output of 
energy from within is followed bv the 
gravitational collapse of the star. In what 
amounts to a milder version of the 
process that supposedly produces the 
star-annihilating explosion of a nova or 
supernova, the star ejects a shell of gas 
into space. The existence of double- and 
triple-shelled planetary nebulae suggests 
that these eruptions may be repeated 
two or three times in the life of a single 
star. Sometimes the gas is released local­
ly from the star's surface and the rotation 
of the star spirals it out into space. If the 
star is embedded in an appreciable mag­
netic field, the gas may stream along the 
lines of force in the field and distort the 
appearance of the nebula. 

In other words, if the shell of gas in a 
planetary nebula is found to be expand­
ing, this may be evidence that the star 
within has come close to the end of its 
life. It is destined soon to become a white 
dwarf, the last stage before it disappears 
from view altogether [see "Dying Stars," 
by Jesse L. Greenstein; SCIE:\'TlFlC 
AMERICAl\, January, 1959]. Indeed, it 
seems that the faintest nebular stars 
known are no more luminous than a typi­
cal white dwarf. If, in fact, these stars 
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SPECTROGRAM of planetary nebula NGC 
2392 show, the characteristic bowed emis­

sion lines of several nebular elements, par­

ticularly doubly ionized oxygen. Vertical 

streak down the center is the continuous 

spectrum of the central star. Wavelengths 

in this small section of a full spe(·trum 

run from violet (top) to green (bottom). 
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can be classified as white dwarfs, they 
represent the hottest of this class of stars. 

The evidence that the gas is moving 
with high velocity shows up un­

equivocally in high-resolution spectro­
grams. The emission lines of ordinary 
stars-produced by passing the star's 
light through a thin rectangular slit and 
then refracting it through a prism or dif­
fracting it from a grating-register on the 
spectrogram as images of the slit, that is, 
as thin straight lines. In the spectrogram 
of a planetary nebula the emission lines 
from the gas shell split in a curious man­
ner as they approach the streak across the 
center of the film that is the spectrum of 
the star; the lines bend apart and rejoin 
on the other side of the stellar spectrum, 
forming a pattern like the eye of a needle 
[see illustration below J. It is of course 
the familiar Doppler wavelength shift, 
which shows up so often in astronomical 
spectrograms, that explains this pattern. 

The Doppler eHcct shifts the wavelength 
of radiation from a receding source to 
the longer-wavelength, or red, end of the 
spectrum, and that from an approaching 
source to the shorter-wavelength, or vio­
let, end. Thus in the spectrogram of an 
expanding gas cloud the radiation from 
the far side of the cloud would be shifted 
toward the red and that from the near 
side toward the violet. The effect would 
be most pronounced at the center of the 
cloud, where the motion of the gas is 
most nearly in the line of sight, and this 
would account for the bending of the 
lines. 

What appears to be a satisfactorv ex­
planation of the spectrogram and a proof 
that the planetary nebulosities are ex­
panding is marred, however, by the fact 
that the same spectrograms would be 
produced by a collapsing gas cloud. The 
red shift, in this case, would come from 
the gas on the near side of the cloud 
and the violet shift from the far side. 

\Vhereas the spectrograms, combined 
with what is known about stellar evolu­
tion, strongly indicate the ejection of the 
gas from the stars, it is not yet possible 
to show, by independent evidence, that 
the clouds are expanding. 

The spectrograms have much else to 
tell about the strange state of matter in 
these gas clouds, and this has helped 
considerably to point the wav out of the 
dilemma. In addition to the green lines of 
doubly ionized oxygen, they show emis­
sion lines from helium, carbon, nitrogen, 
neon and sulfur, usually in several stages 
of ionization, and from hydrogen, which 
is the most abundant element here as 
elsewhere in the universe. A weak con­
tinuous emission along the spectrum 
could conceivably be due in part to the 
presence of molecular hydrogen (H2); 
confirmation of this conjecture would be 
the first evidence for the existence of 
molecular hydrogen anywhere outside 
the solar system. 

BOWING OF SPECTRAL LINES occurs when the gaseous enve­

lope of a planetary nehula is expanding. Light emitted from the ap· 

proaching gas is shifted toward shorter wavelengths; that from the 

receding gas, toward longer wavelengths. Motion perpendicular to 

the line of sight produces normal wavelengths, which are represent· 

ed by the pinched ends of the emission lines. Enlarged section of 

nebular spectrogram at right shows two bright green lines of doubly 

ionized oxygen split into longer and shorter wavelength components. 
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A 11 of this indicates that the gas cloud 
has an extremely low densitv. As a result 
a molecule, an atom or a subatomic parti­
cle in the cloud remains undisturbed for 
long periods of time. The central star, 
perhaps a tenth of a light-vear away, is 
a point of light no brighter than the - 2 
moen in the earth's sky. Around the 
atom, space glows faintly, some of the 
light coming trom distant stars but most 
of it from other atoms in the nebula. The 
color of the '·sky" glow is strongly ultra-
violet, the color of 1,216 angstroms to be 
exact. This is the wavelength of the ra­
diation emitted bv the most probable 
quantum jumps of an electron as it re-
joins the ccntral proton of a hydrogcn 
atom and settles in its "ground" state, or 
lowest-energv orbit. From the earth's 
surface thc emission at 1,216 angstroms 
is invisible because it is blocked by the 
carth's atmosphere. Its presence and 
brightness can be deduced, however, 
from the intensity of hydrogen emissions 
at other wavclengths. 

I n decoding thc informa�ion that is con­
- tained in th�sc emiss1Un�, it i:; neces­
sary to disenLlllglc t;le dhclS (J[ the 
density of electrons pc,· Cl b�c centimeter 
and the yelocitv, or "�cmperature,"' of the 
electrons. If the gas clouds were com­
posed exclusiyelv of hvdrogen, it would 
not be possible to do this vcry accurately 
and the intensitv of emissi,.ns could be 
attributed as well to density as to tl�m­
perature. Fmtllnately the "impurities," 
particularly oxygen, in the nebula pro­
\·ide the means to make this discrimina­
tion. In addition t.o supph'ing most of 
the light that reaches the spectrogram, 
therefore, the impurities also make it 
possible to measure the truc density of 
the nebula and the high excitation to 
which the matter in the gas cloud is 
boosted by the energetic radiation from 
the star. 

Like the hydrogen, three-quarters of 
which remains ionized at all times, most 
cf the oxygen is ionized. From their 
ground states the outer electrons of sin­
gly or doubly ionized oxygen atoms move 
most easily into metastable states; spon­
taneous, downward return from these 
states is virtuallv "forbidden" according 
to the equations of (luantum phYsics. 
Provided that they are left undistu

·
rhcd, 

the electrons will persist in these statcs 
for several seconds, which in the context 
of atomic processes is a long time. �lhen 
at last they return to (heir ground states, 
thev emit a photon of radiation corre­
sponding to the energv difference be­
tween the two states. For doubly ionized 
oxygen the wavelengths of these transi-

(1 
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LIGHT IS RADIATED from a hydrogen atom when the electron "jumps" from a higher 
to a lower orbit. Some transitions are shown by arrows. Orbit separations are in energy 
units; the longer the transition, the more energy released and the shorter the wavelength. 

tions are those of the "nebulium" lines 
at 5,007 and 4,959 angstroms; singly 
ionized ox�'gen produces a pair of lines 
at 3,727 angstroms, just outside the 
visible spectrum. In the laboratory these 
forbidden lines are almost never seen; in 
a second's time an atom undergoes so 
lllany collisions with other atoms that 
electrons are de-excited from metastable 
states without the release of radiation. 
The radiations at these wavelengths, 
therefore, provide a measure of the den­
sitv of the gas. In effect the simultaneous 
solution of the elluation for the forbid­
den-line intensities and for the hydro­
gen-line intensities yields the electron 
density and the electron temperature as 
separate quantities. 

From one nebula to the next the an­
swers prove to be surprisinglv uniform. 
According to Lawrence H. Aller of the 
Universitv of California at Los Angeles a 
typical planetary nebula has 10,000 elec­
trons per cubic centimeter and an elec­
tron temperature of 10,000 degrees K., 
corresponding to a mean electron veloc­
ity of 675 kilometers per second. This 
compares to a particle densitv of 10 mil­
lion per cubic centimeter in an excellent 
laboratory vacuum and an average veloc-

ity of half a kilometer per second for an 
oxygen molecule at room temperature. 

.\Ianv nebulae appear as rings, as if 
thev are shells of gas "visible" to the 
photographic film only around their cir­
cumference, where the shell is seen, as it 
were, edge on. To determine if there 
is any gas within the shell one can take 
advantage of the fact that the higher 
intensitv of radiation closer to the star 
must strip all but the most tenacious 
electrons from the atoms there. Only the 
very-hard-to-icnize inert gases will be 
left with anv electrons at all. A survey 
of the spectrograms for lines from heli­
um, neon and argon has shown that some 
ring nebulae are indeed empty shells. If 
their nebulositv represents gas ejected 
from the star, it must have been ejected 
discontinuously, in a "puff." Other ring 
nebulae, however, show faint radiations 
of inert gases from within-radiations 
that indicate material does exist there. 
The Ring Nebula in Lvra (No. 67 in 
Nlessier's catalogue) shows such radia­
tions [see illustmtiol1 011 page 62]. 

The next question that comes to mind 
is whether or not there is any gas 

outside the sphere of ionization. Is space 
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HELICAL NEBULA in Aquarius is the only planetary close enough to the earth for its dis· 

tance (about 300 light·years) to be measured trigonometrically. The comet·like shapes 

around the inner edge are caused by the pressure of light radiated from the central star. 

ANTICIPATED EXPANSION of the Eskimo Nebula, NGC 2392, is about four seconds of 

arc in 100 years, as shown in this composite made from a photograph taken recently with 

the 200·incb telescope. In spite of the large value indicated by its Doppler measurements, 

no actual expansion of NGC 2392 was detected in photographs made 47 years apart. 
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empty there? Or is gas present and in­
visible because it does not shine? As long 
ago as 1938 Bengt Stromgren, then at 
the University of Copenhagen, framed 
these questions in a more fruitful way: 
Why does the sphere of ionization show 
such a sharp outer boundary? His theo· 
retical answer provided the clue that 
prompted us to make the comparison of 
the before-and-after pictures of the 
planetary nebulae. Stromgren found that 
the radius of the sphere of ionization de­
pends on the density of the gas as well 
as the luminosity of the star. He showed 
that the ionizing power of the radiation 
not only varies inversely as the square of 
the distance from the star, as might be 
expected, but also varies inversely with 
the density of the gas. This follows from 
the fact that the radiation is more strong­
ly absorbed by the gas at higher densi­
ties. The thinner the gas, therefore, the 
longer the reach of the radiation, even 
though its ionizing power dies away with 
distance. At a given distance from a par­
ticular star the curves for these two vari­
ables intersect and ionization ceases 
quite suddenly, giving the ionization 
sphere its sharp definition. 

If the gas of a planetary nebula is ex­
panding and so growing less dense, 
Stromgren's model showed that the ioni­
zation sphere should also expand in size. 
In fact, the velocity of the expansion of 
the ionization sphere, according to his 
equation, must be equal to twice the 
velocity of the expansion of the gas, 
multiplied by the ratio of the radii of the 
ionization and the gas spheres [see illus­
tration on opposite page J. Since the ve­
locity of the motion of the gas is known 
from Doppler measurements on the spec­
trograms, an increase in the size of the 
ionization sphere would yield a measure­
ment of the size of the gas sphere in re­
lation to that of the ionization sphere. 

With Barbara Welther, our associate 
at the Harvard College Observatory, we 
decided to see if comparison of recent 
and old photographs of planetary nebu­
lae would show any detectable increase 
in the size of their ionization spheres. 
Albert E. Whitford, director of the Lick 
Observatory of the University of Cali­
fornia, allowed us to use for this purpose 
the 36-inch Crossley reflecting telescope 
at that observatory, the first in the world 
designed for high-resolution astronomi­
cal photography. Many excellent photo­
graphs of planetary nebulae were made 
with this telescope before 1900 and are 
available in the extensive negative col­
lection of the Lick Observatory. By com­
paring these with new negatives, made 
under as nearly identical conditions as 
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possible, we could eliminate systematic 
errors. 

1'he results of our efforts are quite fas-
- cinating. Our picture of the Ring 

Nebula in Lyra, for example, showed a 
radial expansion of .3 second of arc-just 
outside the range of possible error of plus 
or minus .2 second of arc-when com­
pared with the 1900 photograph. This 
result agrees quite well with measure­
ments of the Ring Nebula made by the 
Soviet astronomer A. A. Latypov. The 
rate of expansion of the gas, based on 
Doppler measurements made by Olin C. 
Wilson of the Mount Wilson and Palo­
mar Observatories, indicated that the in­
crease in the radius of the gas sphere 
over the 60-year period might come to as 
much as one second of arc. The con­
clusion to be drawn from this finding is 
qualified by uncertainty as to the dis­
tance to the nebula, but it seems unlikely 
that the nebula is three or four times 
more distant than has been estimated. 
Instead, according to the Stromgren 
equation, it would appear that the ioni­
zation sphere has a radius only about a 
sixth that of the gas sphere and is ex­
panding at about a third of the velocity 
of the gas sphere. There is thus a great 
deal of gas in space around the outside 
of the visible ionization sphere. That 
there is also gas within is indicated by 
the observed emissions from the inert 
gases inside the sphere. 

In the case of the Dumbbell Nebula 
(MesSoier 27) in the constellation Vul­

pecula, Wilson's Doppler measurements 
showed that the gas moves away from 
the star with a velocity of 28 kilometers 
per second. If the distance to the Dumb­
bell Nebula is 1,200 light-years, as esti­
mated, then the gas sphere should have 
expanded 2.1 seconds of arc in diameter 
in the 62 years separating the two sets of 
photographs. The expansion of the vis­
ible nebula observed in our comparison 
of the photographs came to .62 second 
of are, plus or minus .18 second. This is 
again a small increase in size and strong­
ly supports the case for the expansion of 
an ionized sphere. 

A precise coincidence in the rate of 
expansion of the visible nebula and the 
gas spheres, however, would present a 
special case of the equation that relates 
them. The conclusion would then be that 
the ionizing power of the radiation from 
the star outreaches the gas sphere or that 
the radius of the gas sphere is just twice 
as large as that of the ionization sphere. 
So far we have not found a planetary 
nebula existing in this special state. 

The Eskimo Nebula (NGC 2392) 

presents still another special case. Here 
no expansion whatever is detectable in 
a comparison of the two sets of pho­
tographs. The Doppler measurements 
show a rate of expansion in the gas 
sphere, however, that is equivalent to an 
expansion of two seconds of arc over 

• the 60-year period. This must be a nebu­
la in which the central star is still eject­
ing material; with the density of the gas 
sphere thereby held constant, the ioniza­
tion sphere would remain constant in 
size. Independent confirmation of this 
conclusion comes from a stud v of the 
spectrum of the central star, reported by 
Wilson in 1948, which shows that it is 
truly releasing material into space. 
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Although we have so far measured 
only a relatively few nebulae, there does 
not yet seem to be any tendency for 
these objects to show angular expan­
sions equal to the expansion of the gas 
predicted from Doppler measurements. 
Very. possibly, then, all planetary nebu­
lae are ionization spheres, with the gas 
extending into space out beyon� the 
visible edge of the nebulosity. Our pre­
liminary results can be improved on 
when larger telescopes have been in 
operation for a sufficiently long period of 
time-and perhaps they may be im­
proved on even sooner by the higher re­
solving power of telescopes placed in 
orbit about the earth. 
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RATE OF EXPANSION of the visible portion of a planetary nebula (colored area) de­
pends on the relation between the extent of the gas sphere (solid line) and the extent of the 
ionization sphere (broken line) as well as on the relative rates of expansion of these two 
spheres. In the first case (top left) the ionization sphere is larger than the gas sphere and 
the rate of visible expansion equals the Doppler rate of radial expansion of the gas. In the 
second case (top right) the ionization sphere almost fills the gas sphere and the visible 
nebula expands twice as fast as the Doppler prediction. In the third case (bottom left) the 
radius of the ionization sphere is two-thirds that of the gas sphere and the visible nebula 
expands at four-thirds the predicted rate. In the fourth case (bottom right) radius of gas 
sphere is four times that of ionization sphere and visible nebula expands half as fast as 
Doppler prediction. In all four cases central star is assumed to have stopped ejecting gas. 
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The Synthetic Elements: ill 
Two earlier articles In this Inagazlne described the s'ynthesis of 
elel11ents up to ele111ent 101. The list no"v extends to element 103, 
and plans are afoot to 111ake S0111e of the rarer elements in quantit,r 

by Glenn T. Sea borg and .Arnold H. Fritsch 

Since 1940, 11 radiaactive elements 
heavier than uranium have been 
created by man. This warks aut to. 

ane new transuranium element every twa 
years. Twa af the transuranium ele­
ments, neptunium and plutanium, are 
naw manufactured by the tan; neptuni­
um is af caurse made because it decays 
into. piutanium . Of the remaining trans­
uranium elements, five have been pra­
duced in visible ljuantities and faur have 
never actually been seen. Twa af the 
elements were unexpectedly discavered 
in the radiaactive debris af a therma­
nuclear explasian; bath have since been 
made in the labaratary . All 11 trans­
uranium elements were identified either 
in whale ar in part by warkers assaciated 
with the Radiatian Labaratary af the 
U'liversity af Califarnia at Berkeley. 

The 1 1  elements occupy pasitians 93 
thraugh 103 in the periadic table af 
elements, which begins with hydra­
gen, with an atamic number af 1. The 
atamic number of an element tells haw 
many pratans, ar positively charged par­
ticles, it has in its nucleus.  All elements, 
except far the lightest ri1ember af the 
hydragen family, also. cantain ane ar 
mare neutrons, ar neutral particles, in 
thei!' nuclei . The sum af the protans and 
neutrons defines the mass number af a 
nuclear species. The mass numbers af 
the 11 transuranium elements range from 
23 1 to. 257. In arder af atamic number 
the 1 1  transuranium elements have been 
given the fallawing names: 93, neptuni­
um; 94, plutanium; 95, americium; 96, 
curium; 97, berkelium;

' 
98, califarnium; 

99, einsteinium; 100, fermium; 10 1, 
mendelevium; 102, no. accepted name; 
103, lawrencium. Each af the 1 1  has sev­
eral isatapes, ar nuclear species, that 
differ in their number af neutrons.  Pluta­
nium 238, far example, has 94 pratans 
and 144 neutrans; plutanium 239 has the 
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same number af pro tans and 145 neu­
trans . The twa isatapes can respectively 
be written o�Pu�:;" and n.;pu�:;n All tald, 
nearly 100 isatapes af the transuranium 
elements have been created and studied .  

Twa earlier articles in Scientific Amer­
ican, ane in April, 1950, and the ather in 
December, 1956, have recaunted the 
discavery af elements 93 thraugh 101.  
This  article will describe the discavery 
af elements 102 and 103 and will discuss 
the effart to. p,:adtice elements af still 
higher atamic mlln�er. The general pra­
cedureJ()r cre(lting a new heavy element 
isln.<!dd arie aj· more pratans to. the 
nucleus of· ati >11ready existing element. 
This c,inhe dane by driving ane or mare 
pratons into. the nucleus with the help 
af a particle accelera tar such as a 
cyclatron ar linear acceleratar . Anather 
methad is to. add ane ar mare neutrans 
to. an existing nucleus. By a nidiaactive 
decay pracess a neutran inside a nucleus 
can emit an electron, thereby becaming 
a pratan and'r;)isihg the atomic number 
by ane: Since neutrans have no. charge 
they can easily enter the pasitively 
charged nucleus af an atnm and do. nat 
need, like pratans, to. be acceler.ated to. 
high energies.  The neutrons can be ab­
tained fram a nuclear reactar ar a nuclear 
explnsian . 

Neptunium and its decay praduct 
1 plutanium ( af mass number 239 ) 
are made in large ljuantities in nuclear 
reactars. Americium ( 95) was first made 
in a reactar . Einsteinium ( 99 )  and fermi­
um ( 100 ) were first faund 11 years ago. 
in the debris af the first thermanuclear 
explasian, having been praduced by the 
intense neutron irradiatiOll af uranium. 

Six af the transuranium elements-93, 
94, 96, 97, 98 and WI-were first cre­
ated with the help af ane remarkable 
machine: the 60-inch cyclatron at the 

University af Califarnia at Berkeley. 
Built in 1939 by Ernest O .  Lawrence, 
inventor af the cyclntron, the machine 
was finally retired last June. It had pro­
duced mast af the six new elements by 
bambarding the heaviest available trans­
uranium elements with alpha particles 
( the nuclei af helium atams), which 
cantain twa pratans and twa neutrans .  
Depending a n  the target nucleus and the 
energy af callisian, ane ar bath pratans 
may remain ladged in the target, and in 
snme cases ane af the neutrans may also. 
remain . The 60-inch cyclatron had also. 
assisted in the productian af a hast af 
additianal transuranium isatapes. 

Befare its. retirement the 60-inch 
cyclatron had been superseded in use­
fulness by the pawerful heavy-ian l inear 
acceleratar ( HILA.C ) , finished in 1957, 
and by a mare versatile 88-inch cycla­
tran, finished in 1962. The HILAC was 
specifically designed to. accelerate nuclei 
heavier than alpha particles, with the 
abjective af creating elements beyand 
mendelevium ( element 1( 1 ) . 

As we have maved up the·atamic scale 
the prablem af identifying the new ele­
ments has increased in difficulty with 
the prablem af creating them. The chem­
ical separatian af these new elements has 
depended almast entirely an the i6n­
exchange methad . In this methad the 
mixture af elements to. be separated 
is passed thraugh a tube packed with a 
granular ian-exchange resin. Each ele­
ment travels through the tube at a char­
acteristic rate, as its ians repeatedly as­
saciate and disassaciate with the resin . 
In general elements af higher atamic 
number travel faster than elements af a 
lawer number. The outflaw afthe tube is 
callected drop by drap and analyzed by 
its chemistry and radiaactivity. 

Advances in ultramicrachemistry have 
enabled warkers at Berkeley and else-
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BERKELIUM, element 9 7, was discovered in 1949. One of the first 

visible bits of a pure berkelium compound, berkelium chloride, 

CALIFORNIUM, element 98, discovered in 1950, was obtained in 

a eompound in visible quantity in 1960. The speck of  californium 

was this speek (round dot within tube) obtained in 1962. II 

weighed approximately three nanograms (billionths of a gram). 

oxychloride in the tube weighed .3 microgram (millionth of a 
gram). This material was use d  for macroscopic measurements. 
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where to study the properties of seem­
ingly infinitesimal (luantities .of com­
pounds of the transuranium elements. 
With samples weighing as little as a few 
nanograms ( billionths of a gram ) the 
Berkel ey investigators have measured 
the magnetic properties of the com­
pounds and have even conducted X-ray 
diffraction studies of them to determine 
their crystal structure. All the trans­
uranium elements through einsteinium 
( 99 )  have now been subjected to some 
macroscopic chemical and physical anal­
ysis. The task has been complicated be­
cause many of the elements have short 
half lives, making them very radioactive. 
As an example the isotope of einsteinium 
( Es-253 ) ,  studied at Berkeley by Burris 
R. Cunningham, James C. Wallmann, 
Llad Phillips and Raymond C. Gatti, has 
a half life of only 20 days. The sample 
they worked with weighed about .01 
microgram, less than a billionth of an 
ounce . Generally speakin g the half life 
becomes shorter with increasing atomic 
number, which makes it practically im­
possible to undertake chemical or physi­
cal studies with macroscopic quantities 
of elements having atomic numbers 
greater than that of einsteinium. 

1'he production and identification of 
mendelevium ( element 10 1 ) ,  named 

after the great originator of the periodic 
table, Dmitri \'Iendeleev, was literally 
accomplished atom by atom. After its 
production in the 60-inch cyclotron, it 
was separated by ion exchange, an atom 
or two at a time, from all other known 
elements. The separation and identifica­
tion had to be done at high speed be­
cause the half life of the isotope being 
studied was about 1.5 hours. 

'When the search began for element 
102, it was clear that nature had not 
relcnted after mendelevium but had 
become even more obdurate. The pre­
dicted half life for the i sotopes of ele­
ment 102 that could be successfully pro­
duced ranged from a few seconds to 
several minutes. Chemical separation, 
the classical test for a new element, ap­
peared out of the question. It seemed 
that the identification would have to rest 
a t least in part on physical evidence. 

In the summer of 1957 a group of 
workers from the Argonne National Lab­
oratory near Chicago, the Atomic Energy 
Hesearch Establishment at Harwell in 
England and the Nobel Institute for 
Physics in Stockholm announced the dis­
covery of an isotope of element 102 as a 
result of research done at the Nobel 
Institute. The isotope was reportedly pro­
duced by bombarding curium 244 with 
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carbon 13 nuclei in the Nobel Institute's 
cyclotron. This isotope of element 102 
was said to have a half life of about 
10 minutes and to decay by emitting 
alpha particles with an energy of 8.5 
million electron volts ( Mev ) .  This i s  a 
surprisingly long half life for an isotope 
that emits such energetic particles. 

The investi gators proposed the name 
"nobelium" and the symbol ":\0" for ele­
ment 102, and the name was accepted 
by the Commission on Atomic ''''eights 
of the International Union of Pure and 
Applied Chemistry. The acceptance 
turned out to be premature. All attempts 
both in the U.S .  and in the U. S . S.R. 
to duplicate the Stockholm experiment 
have failed, in spite of the use of research 
tools many times more sensitive than 
those used in Stockholm. 

Less than a year later, in April, 1958, 
an i sotope of element 102 having a mass 
number of 254 ( 102�·'.j ) was unambi gu­
ously identified at Berkelev by Albert 
Ghiorso, Torbjorn Sikkeland, John R. 
Walton and one of the authors of this 
article. The isotope was produced by 
bombarding curium 246 with carbon 12 
nucl ei accelerated in the HIL.\C. In this 
reaction the six protons in the carbon 
nucleus combine with 96 protons in the 
curium nucleus to produce a nucleus 
with 102 protons. In addition, neutrons 
from the carbon increase by two the 
number of neutrons in the target [see 
upper illustration on page 72]. Within 
about three seconds half of the 102254 
n uclei decay into 100250 ( fermium ) 
nuclei, with the emission of an alpha 
particle in each decay. 

Fermium 250, in turn, has a half life 
of 30 minutes, releasing upon decay an 

alpha particle with an energy of 7.43 
Mev. By chemical identification of fermi­
um 250 one could be sure that the new 
element, 10225-1, had been created. No 
attempt was planned or made to subject 
the new element to chemical manipula­
tion because its half life is too short. The 
Berkeley workers will have the tradi­
tional privilege of suggesting the new 
name for element 102 to replace the 
name "nobelium." 

The experimental arrangement for 
producing element 102 is diagramed at 
the top left on page 73. The target con­
sisted of a mixture of curium isotopes, 
i ncluding curium 246, that had been 
produced by bombarding p lutonium 
with neutrons over a period of years. 
The curium was deposited on a thin 
n ickel foil and was placed in a con­
tainer filled with helium. When the 
HILAC beam of carbon 12 nuclei struck 
the thin target, the newly created atoms 
of element 102 were knocked out of the 
target and into the surrounding helium . 
At this point the atoms of element 102 
had not yet acquired a full complement 
of electrons and therefore still had a net 
positive charge; that is, they were posi­
tive ions. It was found that practically 
all the ions of element 102 could be at­
tracted to a negatively charged moving 
metallic belt placed directly beneath 
the target. The belt then traveled under 
a "catcher" foil that was negatively 
charged with respect to the belt. Ap­
proximately half of the fermium daugh­
ter atoms produced by the alpha-particle 
decay of element 102 recoiled from the 
surface of the belt and, because they 
were still positively charged, were at­
tracted to the catcher foil. 

THE PERIODIC TABLE at the bottom of the opposite page presents the 103 natural and 

synthetic elements according to differences and similarities in their chemical properties. 

The 15 synthetic elements are indicated by the solid colored rectangles. Open colored rec­

tangles indicate synthetic elements not yet discovered. Most elements in each horizontal 

row differ from one another in chemical properties. The lines running from top to bottom 

connect elements of similar chemical properties. Above the symbol for each element is its 

atomic number: the number of positive charges in its nucleus or the number of electrons 

bound by them. In each horizontal row the colored brackets designated Is, 2s, 2/1 and 

so on denote the filling of subshells of electrons, and it is largely the number of electrons 

in the outer shell that determines the chemical properties. The electron-shell structure of 

lawrencium, the latest element to be synthesized, and of element 104, which will probably 

he created next, are given in the schematic drawings at the top of the page. In X-ray termi­

nology the shells are designated K, L, M, N, 0, P and Q. In spectrographic terminology 

they are I, 2, 3, 4, 5, 6 and 7. The spectrographic subshells are s, p, d and f. The maximum 

number of electrons (dots) in any s subshell is two, in any p subshell six, in any d subshell 

10 and in any f subshell 14. For each subshell the number of electrons is indicated by a 

superscript figure. In most elements all the inner subshells are filled, and electrons add 

to the outer shell with increasing atomic number. In the "lanthanide" rare-earth elements 

(numbers 58 through 7 1 )  the number of 5d and 6s electrons remains approximately the 

same and electrons in successive elements are added to the 4f subshell. The transuranium 

elements through lawrencium are part of another group of rare earths, the "actinides," in 

which 5f subshell fills up. Element 104 will be first element above actinide series. Colored 

dot in each atom is last electron added; large colored rectangles mark changed subshells. 
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After a time of bombardment suited to 
the half life of the daughter atom to be 
examined, the catcher foil was cut into 
five equal sections at right angles to the 
motion of the belt. Each section was ana­
lyzed simultaneously in radiation coun­
ters . It was found that fermium 250 
recoiling from the moving belt could be 
collected on the stationary catcher foils 
in accordance with a three-second half 
life for the parent isotope 102234• 

The chemical identification of the 
daughter fermium 250 was accomplished 
by dissolving the radioactive material 
from the catcher foil and separating it by 
ion exchange . The tiny fraction of liquid 
containing fermium 250 produced nine 
radioactive decays, recorded by instru­
ment, showing that nine fermium atoms 
were present. The identification of the 
fermium-containing fraction was aided 
by adding tracers to the sample before it 
was put into the ion-exchange column. 
Two of the tracers were radioactive iso­
topes of thulium and yttrium, which in 
such an ion-exchange column behave 
somewhat as elements 102 and 10 1 are 
expected to. That is, they should emerge 
from the column just slightly before a 
fraction containing fermium ( element 
100 ) . Two other tracers, californium 
( element 98 ) and einsteinium ( element 
99 ) ,  were added to define positions im­
mediately behind fermium . Thus the 
radioactivity found in a fraction just 
before einsteinium should be due to 
fermium; the matching of these radio­
active properties ( half life and energy ) 
with the known properties of fermium 
250 completes the identification. 

In later, more direct, experiments the 
positively charged atoms of element 102 
that had been knocked out of the curium 
target were caught on a negatively 

charged belt . The belt was then quickly 
pulled inside an alpha-particle counter 
in order to measure directly the half 
life of the element and the energy of 
its alpha particles . The values obtained 
were again three seconds for the half life 
and, in addition, 8.3 M ev for the alpha­
particle energy. It was also discovered 
that this isotope of element 102 decays in 
part by spontaneous fission. 

In the spring of 1961, after almost 
three years of work begun shortly follow­
ing the discovery of element 102, Ghi­
orso, Sikkeland, Almon E. Larsh and 
Robert M. Latimer of Berkeley found an 
isotope of element 103 with a half life of 
about eight seconds. The discoverers 
suggested the name "lawrencium" in 
honor of the man who was not only the 
inventor of the cyclotron but also the 
founder and longtime director of the 
Radiation Laboratory at Berkeley. As in 
the case of element 102, it has not been 
possible to obtain a chemical identifica­
tion of element 103, and the discovery 
rests solely on physical evidence. 

The method used to produce and iden­
tify lawrencium is similar to that used in 
the later direct studies of element 102 
and is depicted schematically at the top 
right on the opposite page. Three micro­
grams of a mixture of californium iso­
topes ( californium 250, 25 1 and 252 ) 
were bombarded in the HILAC with ions 
of boron 10 or boron 11. All five pro­
tons and an additional number of neu­
trons equal to about half of the neutrons 
in the boron nucleus remained with the 
californium nucleus [see lower illustra­
tion below J. The positively charged 
atoms of lawrencium recoiled from the 
target into an atmosphere of helium and 
were then collected on a negatively 
charged copper tape . This tape was 

CURIUM246 + CARBON'2 -----....;)� ELEMENT 254 + 4 NEUTRONS' 

ELEMENT 

(HALF LIFE 
3 SECONDS) 

254 ------'-7) FERMIUM25
0 + HELlUM4 

PRODUCTION OF ELEMENT 102 was achieved in 1958 through the nuclear reaction 

given in the upper line. It was identified through the decay reaction shown in the lower 

line. The figures in color are atomic numhers; the superscript figures are mass numbers. 

CALIFORNIUM252 + 5BORON'O ------'-)�'03LAWRENCIUM257 + 5 NEUTRONS' 

JSCALIFORNIUM252 + ,BORON" ------)�103LAWRENCIUM257 + 6 NEUTRONS' 

(HALF LIFE 
8 SECONDS) 

'03LAWRENCIUM257 ------'--)�'O. MENDELEVIUM253 + HELlUM4 

PRODUCTION OF ELEMENT 103, lawrencium, was accomplished in 1961. The upper 

lines indicate two of the reactions in which lawrencium was created. Helium nucleus (alpha 

particle) emitted in decay (bottom line) was the key to the identification of the element. 
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automatically placed before solid-state 
radiation detectors every few seconds to 
measure the rate of decay of the law­
rencium isotope and the energy of the 
alpha particles being emitted . 

By this means it was possible to iden­
tify the lawrencium isotope; it was law­
rencium 257, with a half life of eight 
seconds.  This isotope decays through the 
emission of alpha particles with an ener­
gy of 8.6 M ev. Many "cross bombard­
ment" experiments were made with vari­
ous target elements and different bom­
barding particles of various energies to 
show that the isotope emitting 8.6-Mev 
alpha particles was produced only when 
the californium target was bombarded 
with boron particles of the appropriate 
energy. The complete elimination of lead 
and bismuth impurities from the cali­
fornium target was of particular impor­
tance because thcse yield radioactive 
isotopes with properties similar to that 
of the isotope of clement 103. 

so far we have spoken only of th e nu­
clear constituents of the transura­

nium elements . The chemical properties 
of an element, however, depend not on 
its nuclear constitution but almost en­
tirely on the electrons outside the nu­
cleus and their particular arrangement 
in a shell-like structure . The electrons in 
the transuranium elements are arranged 
in seven shells, which are labeled simply 
1, 2, 3, 4, 5, 6 and 7, reading from the 
nucleus outward. Thc shells are further 
subdivided into subshells designated s, 
p, d and f [see illllstration on preceding 
page J. The chemical behavior of the 
transuranium elements was predicted by 
one of the authors in 1944, when only 
neptunium and plutonium had as yet 
been discovered. The prediction was that 
the transuranium elcments through ele­
ment 103 would behave very much like 
the series of rare-earth elements from ele­
ment 58 to element 7 1, which had been 
termed the lanthanide series because 
they have chemical properties similar to 
those of the immediately preceding ele­
ment, lanthanum ( element 57 ) . By 
analogy the transuranium series through 
element 103 was called the actinide 
series after actinium (element 89 ) ,  
which immediately precedes the first 
element ( thorium ) in this series. 

The two series share the following 
peculiarity of electron arrangement. The 
lanthanide series is built up by the addi­
tion of electrons entirely to the 4f sub­
shell of the atom . The highest member 
of the selies, lutetium, therefore has 14 
electrons in the 4f shell. By the same 
token the actinide series is built up by 
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ELEMENT 102 was created and identified in this experimental 

arrangement. Beam of carbon 12 ions from accelerator made curio 

urn into a positive ion of 102 that decayed in three seconds by 

emitting an alpha particle. When particle was emitted toward belt, 

resulting charged fermium atom recoiled toward catcher foil. If 

particle flew away from belt, recoil embedded fermium atom in belt. 
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• ELEMENT 5 
(BORON 10 AND 11) 

ELEMENT 98 
(CALIFORNIUM) 

• ELEMENT 103 
(LAWRENCIUM) 

• ELEMENT 2 
(ALPHA PARTICLE) 

i) ELEMENT 101 
(MENDELEVIUM) 

LAWRENCIUM, 103, was produced in similar apparatus. A target 

of californium was bombarded with ions of boron, creating posi. 

tively charged ions of lawrencium, which were collected on nega· 

tively charged moving copper tape. Radiation detectors measured 

rate of decay of the lawrencium isotope and the energy of the 

alpha particles that it emitted in decaying to mendelevium. 

HA LF LIFE 

FIRST OF FIRST 

ISOTOPE ISOTOPE 

NUMBER NAME SYMBOL DISCOVERED SOURCE OF FIRST PREPARATION IDENTIFIED IDENTIFIED 

93 NEPTUNIUM Np 1940 
I Irradiation of uranium 238 I 

Np239 I 2.35 DAYS with neutrons - - J -- ---
94 PLUTONIUM Pu 1941 

Bombardment of uranium 238 
PU238 86.4 YEARS with deuterons - - - - t- --

Irradiation of plutonium 239 95 AMERICIUM Am 1945 Am241 458 YEARS -- �ith neutrons 

96 CURIUM Cm 1944 
Bombardment of plutonium 239 

Cm,42 162.5 DAYS with helium ions r---._-_. 
97 BERKELIUM Bk 1949 Bombardment of americium 241 Bk243 4.5 HOURS with helium ions -- -- - --r-
98 CALIFORNIUM Cf 1950 

Bombardment of curium 242 Cf245 44 MINUTES with helium ions -
r--- Irradiation of uranium 238 

99 EINSTEINIUM Es 1952 

--- t--
100 FERMIUM Fm 1953 

101 MENDELEVIUrvi Md 1955 --
102 1958 

103 LAWRENCIUM Lw 1961 

TABLE OF TRANSURANIUM ELEMENTS lists atomic numbers, 

names, symbo ls, year of discovery, how they were first created, the 

with neutrons in first Es253 20 DAYS 
thermonuclear explosion --
Irradiation of uranium 238 
with neutrons in first Fm255 22 HOURS 
thermonuclear explosion 

Bombardment of einsteinium 253 
Md25G 1.5 HOURS with helium ions 

Bombardment of curium 246 102254 3 SECONDS with carbon ions 

Bombardment of californium 252 LW257 8 SECONDS 
with boron ions 

first isotope identified and the half life of that isotope. The group 

at Berkeley that discovered element 102 has not yet named it. 
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CHEMICAL IDENTIFICATION of element 102 was accomplished through detecti on of its 

de('ay produ(·t, element 100 (fermium ) ,  in ion-exchange reaction. The other four elements 

(thulium, yttrium, einsteinium and cali fornium ) were placed in the exchange column b e­

('ause it was known that the first two should emerge just before and the second pair just after 

element 100. Nine atoms of fermium were detected in the li quid emerging from column. 

successive additions of electrons to the Sf 
subshelL Lawrencium, with 14 electrons 
in the Sf subshell, is therefore the last 
member of the actinide serie s .  

Element 104, when it i s  discovered, 
should be a most interesting element: it 
will be the first transactinide element. 
It should be chemically similar to haf­
nium (element 72 ) ,  according to the 
predictions of the periodic table . Similar­
lv, element 105 should resemble tanta­
lum (element 73 ) ;  element 106 should 
resemble tungsten (element 74 ) ,  and so 
on. The expected half lives, however, de­
crease with increasing atomic number at 
such a rate that it will apparently not be 
possible to svnthesi ze and detect new 
elements beyond about element llO, and 
the study of their chemical properties 
may become impossible long before this 
atomic number is reached. 

It is disappointing, of course, that 
there seems to be little possibility of 
producing still heavier elements.  If the 
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limit of half lives did not exist, one might 
hope to produce ultimately a wholly new 
kind of "transition" series of 18 elements 
containing a fifth major electron subshell, 
5g, beyond the Sf subshell of the actinide 
series. To study the properties of these 
elements would be fascinating, but un­
fortunately this seems to be impossible 
because the series probably would not 
begin before element 120 or thereabouts. 

Efforts to produce and identify ele­
ment 104 have been under way at Berke­
ley since shortly after the discovery of 
lawrencium. It is expected that element 
104 can be created by bombarding a cali­
fornium target with carbon ions i n  the 
HILAC. Predictions of the half l ives of the 
i sotopes of element 104 that may be pro­
duced in this  manner indicate that they 
will probably be very short and perhaps 
on the border line of the tape-transport 
system used in the identification of law­
rencium. To overcome this possible diffi­
culty the Berkeley workers are devel-

oping even faster and more sensitive 
separation system s .  One system employs 
a mass spectrograph, the devicc that 
projects ionized molecules or atoms into 
a magnetic field, in which they trace 
paths of different curvatures depending 
on their mass . The device might provide 
a quick and direct measure of the mass 
of the heaviest isotopes. Other tech­
niques are being refined for rapidly col­
lecting the decay products of element 
104 and measuring their radioactivity . 
These techni(lues, if successful, may also 
be applicable to the synthesis and de­
tection of elements beyond element 104. 
An important limitation, however, in 
using accelerators such as the HILAC is 
that they tend to produce transuranium 
isotopes with less than the optimum ratio 
of neutrons to protons . Isotopes thus 
deficient in neutrons usually have much 
shorter half l ives than isotopes that con­
tain a somewhat higher ratio. 

A general principle to be observed in 
trying to create heavy elements by hcavy­
ion bombardment is that of using the 
heaviest available isotope as a target ma­
terial and the lightest bombarding ion 
that will do the job . The search for ele­
ment 104 uses element 98, californium, 
as a target material out of necessity. If 
element 99, einsteinium, were available 
in adequate quantity as a targct ma­
terial, the bombarding ion could be 
boron, which has only five protons, in­
stead of carbon, which has six. As the 
number of protons in the bombarding 
ion increases, so does the energy re­
quired to get it past the barrier of posi­
tive charges carried by the target nu­
cleus. This is important, because the 
energy carried by the bombarding ion 
contributes to the over-all excitation 
energy of the new llucleus formed. III the 
heavy-element region the h igher the ex­
citation energy is, the more likely it is 
that the excited, or compound, nucleus 
initi ally formed will undergo almost 
instantaneous fission and not yield thc 
heavy nucleus being sought.  

T o provide adequate amounts of 
heavy nuclei to serve as target ma­

terial, and for other purposes, the Atomic 
Energy Commission has initiated a "na­
tional transplutonium production pro­
gram." The first step in the program, now 
well under way, is the irradiation of somc 
20 kilograms of plutonium 239 in a large 
production reactor at the AEC's Savan­
nah R iver Plant near Aiken, S .C., to 
produce plutonium 242, americium 243, 
curium 244 and smaller amounts of 
heavier isotopes. Of the initial 20 kilo­
grams of plutonium 239, about two kilo-
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ture (black arrows) adds one unit of  mass and each beta decay 

(colored arrows) converts a neutron into a proton, increasing 

atomic number one unit. The broken colored arrow denotes cap­

ture of  an orbital electron, which converts a proton into a nentron. 
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MULTIPLE NEUTRON CAPTURES occur virtually instantane­

ously in thermonuclear explosion, increasing mass number of  atoms 

of original uranium 238 by various amounts. This occurs along 

horizontal line at bottom of  graph. Subsequent beta decays (verti­

cal arrows) produce the elements and isotopes of them indicated by 

dots. Reactions beyond element 100 (ferminm) are hypotheticaL 
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EXPERIMENTAL ARRANGEMENT used for the discovery and identification of lawren· 

cium, element 103, is  shown in this photograph. Apparatus was placed at end of accelerator. 

grams will be recovered eventually in the 
form of useful heavier isotopes ; 18 kilo­
grams will be consumed in the fission 
reactions. At periodic intervals several 
hundred grams of the plutonium, ameri­
cium and curium isotopes will be dis­
charged from the reactor, chemically 
separated from the associated fission 
products and shipped to the Oak Ridge 
National Laboratory near Oak Ridge, 
Tenn . 

At Oak Ridge the separated plutonium 
242, americium 243 and curium 244 will 
be irradiated further in a specially de­
signed reactor, the High Flux Isotope 
Reactor ( HFlR ) , which is now under con­
struction . After appropriate irradiation 
of the target materials in the HFlR, it will 
be possible to recover gram quantities of 
californium, hundreds of milligrams of 
berkelium, tens of milligrams of ein­
steinium and about a milligram of fermi­
um, in addition to almost 100 grams of 
heavy curium isotopes ( predominantly 
curium 246 and curium 248 ) . To process 
the highly radioactive products of the 
HFlR, a special chemical plant, called the 
Transuranium Processing Facility ( TPF ) ,  
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is  also under construction at Oak Ridge. 
At full power the HFlR reactor will 

generate 100,000 kilowatts of heat, com­
parable to the heat produced in a good­
sized power station . The useful neutron 
flux in the central region of the reactor, 
where the transplutonium isotopes are 
irradiated, will be between 3 X 101 r, and 
5 X 101 5 neutrons per square centimeter 
per second.  This is almost 10 times great­
er than the flux in the best existing re­
search reactors in the u . s .  and will im­
prove on the present rate of production 
of californium isotopes by a factor of 
about a million.  

The HFlR will  be ready for operation 
late in 1 964. The TPF facility is  sched­
uled to begin processing target material 
late in 1965. The initial quantities of cali­
fornium ( a  few hundred milligrams ) ,  
and lesser quantities of berkelium, ein­
steinium and fermium will not be ready 
until early 1 966.  This is not surprising 
when one recognizes that it will require 
13 successive neutron captures to trans­
mute plutonium 239 to californium 252, 
and that the ultimate yield will be only 
about .3 per cent because of the large 

losses due to the competing fission re­
actions in plutonium 239 and other inter­
mediate isotopes .  It will probably not be 
possible to produce any new elements 
with these intense neutron irradiations, 
because in the region of elements 100 to 
102 new, short-lived isotopes,  produced 
by the successive neutron captures, de­
cay either by the emission of an alpha 
particle or by spontaneous fission as fast 
as they are formed. 

In addition to the national transplu­
tonium program the AEC hopes to pro­
duce heavy elements in underground 
thermonuclear explosions .  Experiments 
will be carried out under the AEC's 
Project Plowshare, the aim of which is to 
develop the peaceful uses of nuclear ex­
plosives .  The plan calls for a special nu­
clear device to be exploded in a natural 
salt formation near Carlsbad, N . M .  The 
total time-integrated neutron flux in such 
an explosion would be about 1024 neu­
trons per square centimeter or more, all 
set free within a few microseconds, com­
pared with the 3 X 101 5 to 5 X 101 5 
neutrons per square centimeter per sec­
ond in the HFlR . Techniques are being 
developed to obtain samples of the radio­
active debris within seconds after the 
explosion . The samples may contain new 
elements as well as new isotopes of 
known elements. The advantage of a 
thermonuclear explosion over a nuclear 
reactor for making heavy elements is that 
neutron capture proceeds so rapidly that 
short-lived isotopes in the vicinity of 
elements 100 to 102 do not break the 
production chain . 

Isotopes produced in such an explo­
sion are comparatively rich in neutrons, 
and it is quite possible that they will 
have longer half lives than those that can 
be manufactured in any other way. As 
a dividend the program will provide a 
source of longer-lived transplutonium 
isotopes that can be mined and recovered 
after the initial radioactivity has sub­
sided. The mining may produce gram 
amounts of curium and milligram 
amounts of californium. 

.N a result of these efforts many inter-
esting isotopes will be available for 

the first time in almost pure form and in 
substantial quantities . For example, it 
will be possible to separate multimilli­
gram amounts, and perhaps later gram 
amounts, of pure californium 249, pro­
duced by the decay of its parent, berke­
lium 249 . This will allow the chemical 
and physical study of californium in the 
form of a pure i sotope with a half life of 
about 360 years. The isotopes of califor­
nium so far available ( particularly those 
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B ER YLLI U M  
R E F L ECTO R 

TAR G ET RODS 

HIGH FLUX ISOTOPE REACTOR, now being built at Oak Ridge 

National Laboratory, will produce several of  the transuranium ele­

ments in significant quantity for chemical experiments and for 

creation of elements beyond element 103_ Target rods in center will 

O UTER F U EL PLATES 

contain the chemical elements to be irradiated by neutrons emitted 

in the fission of  uranium 235 contained in the fuel plates_ Control 

rods will move up and down to regulate neutron flux_ The 
beam tube is an opening to obtain neutrons for experiments_ 
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of mass numbers 252 and 254 ) are in­
tensely radioactive and hard to handle 
because they decay in appreciable part 
by spontaneous fission, a process that re­
leases penetrating neutrons.  

It will  also be possible to produce 
einsteinium 254, with a half life of 250 
days, permitting many more direct phys­
ical and chemical studies than can now 
be made with the scarce, short-lived iso­
tope einsteinium 253 ( half life, 20 
days ) .  Similarly, the long-lived curium 
248, with a half life of almost half a mil­
lion years, could be produced in an al­
most pure form through the relatively 
rapid alpha decay of its parent, californi­
um 252. 

We have every reason to believe that 
half lives will continue to decrease with 
increasing atomic number, barring the 
discoveI'y of new isotopes with unex­
pected stability. In any event, the 
longest half lives are to be found in iso­
topes that have an odd number of neu­
trons or protons or both . 

Some of the practical consequences 

of the discovery of trans uranium ele­
ments are too well known to need re­
peating .  In years to come plutonium will 
almost certainly become an important 
fuel for generating electric power. Pres­
ent power reactors employ the fission­
able uranium isotope uranium 235, 
which represents only one part in 140 
of natural uranium . If nuclear energy 
depended solely on this rare isotope, a 
significant limit would be set on the re­
serves of nuclear fuel. Fortunately it is 
possible to build highly efficient breeder 
reactors that can convert uranium 238-
the relatively stable isotope that m akes 
up the other 139 parts of natural ura­
nium-into fissionable plutonium 239. 
The development of breeder reactors will 
not only increase the energy resources 
available in present economic deposits 
of uranium ores by about a factor of 
100 but also make pOSSible the economic 
recovery of uranium from dilute low­
grade ores ( perhaps even granite ) ,  pro­
viding a nuclear-energy reserve that 
should last for centuries. 

Moreover, plutonium 238, curium 242 
and curium 244 can provide a compact 
source of heat energy without fission . 
These isotopes emit highly energetic al­
pha particles, the kinetic energy of which 
is converted into heat when they are 
stopped in a surrounding mass .  This 
heat can be converted directly into elec­
tricity, without moving parts, by ther­
moelectric or thermionic devices . Plu­
tonium 238 has already served as a 
power source in the Navy's Transit IV-A 
navigational satellite, launched on June 
29, 1961, and further space missions are 
contemplated .  Still heavier elements, 
such as californium 252 and 254, may 
someday serve as concentrated neutron 
sources in research and industry. 

The discovery of almost a dozen trans­
uranium elements and nearly 100 trans­
uranium isotopes has been immensely 
stimulating to the entire field of inor­
ganic chemistry . The new substances 
have enriched our understanding of the 
periodic table and of the structure of 
both atoms and nuclei. 

PORTION OF HILAC ( heavy.ion linear accelerator )  is shown 

here. It was specially designed to accelerate nuclei heavier than 

alpha particles in order to create elements beyond californium 

( element 98 ) . Machine was completed at Berkeley, Calif., in 1957 .  
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/�®@JIDlli reports on :/ 
"that n e w  coding syste m "  . . .  M r .  Gibson's pictures • • •  the awful con seq u e n ces 

of the soldering ladies'  reti rement 

Microfilm that responds intelligently 

It will be l ike playing the 
piano or the typewriter. The 
mind works through the fin­
gers . The hand never touches 
t h e  m i c r o fi l m .  The r o l l  
carrying thousands o f  page­
i mages is inside a cartridge. 
The player will pick a car­
tridge and insert it.  He wil l  
spell  out his  i nstructions on the keyboard : "Show me every­
thing you have that is coded ' 1 1 6' in the first fiel d  and also 
carries the concept ' beryllium' in the fourth field but only if 
dated earlier than 4/ 1 5/58 .  Then deliver me a ful l-size paper 
copy of all pages of each document so specified . Correction : 
copy only the first page of each such document .  G o . "  And it 
wil l  go, and the copies wil l  fal l  out of the slot at the top, and 
then the microfilm wil l  retreat back into its cartridge. 

It i s  already working for one large customer. The whole 
outfit, including the camera that m icrofilms the documents 
and encodes the film, will  sell right off the shelf for about the 
a n nual cost of two or three well-trained secretaries . 

For details, write Recordak Corp. (Subsidiary of Eastman Kodak 
Company), 770 Broadway, New York 3, N. Y. , or phone John Eager 
there and whell he asks why you are calling, reply "that lIew codillg 
system. "  

Fluorescence in the infrared 
Here is an ordinary pheto­
graph of gallstones 

and here they are by fluores­
cence in the near infrared : 

Here are some plant fragments and a chunk of greenockite 
by infrared infrared reflection, and visible. 
fluorescence, 

-

I llumination for the fluorescence shots was blue-green light 
with all the i n frared filtered out. In front of the KODAK RETINA 
Reflex Camera loaded with KODAK High Speed Infrared Film, 
a KODAK WRATTEN No. 8 7  Filter passed only radiation longer 

than 740m�. To record infnred reflection instead of infrared 
fluorescence, we removed the b lue-green-passing, infrared­
absorbing filter from the lamp, left everything else the same, 
and cut exposure time 20,000 times . 

A mall at Eastman Kodak Company, X-ray Sales Division, Roch­
ester 4, N. Y. is the expert 011 this. His name is H. Lou Gibson. Write 
him if you like. 

Microphotography for microelectronics 
The opt ics of microscopy, the fabrication of electronic cir .. 
cuitry, and the tech n i q ues of the graphic arts are now all en­
twined . G irls who o nce l ived 
by the soldering gun now 
devote themselves to baking 
bread and planning P.-T . A .  
carnivals . T o  manufacture a 
t h in-film circ u i t  or a micro­
module, one carefully d raws 
it all up (perhaps 200 t i mes 
act ual s ize) and then con­
verts the drawi ng into the 
thing drawn.  I ncredible to 
the i ncredulous.  Very diffi­
cult.  Requires an u nder- � 
stand ing of _________ 
which tel ls how wide a lens opening is requ i red at the very 
least when photographically reducing a white l ine  on a black 
background down to the width represented o n  the ordinate. 
Each d iagonal plot represents a q uality level .  * " 1 .0" indicates 
quality so good that for practical purposes you'd never need 
i t  any better ; "0. 1 "  is ten t imes as good and " I 0" is ten t imes 
as bad . This scale is  arbitrary and is for the benefit of those 
who have to  know stuff l i ke this  but who are too t i red i n  the 
even i n g  to study the l iterature on modulat ion t ransfe r  con­
cepts i n  photography and therefore send fo r a how-to-do-it 
booklet ent i t led "Techniques of M icrophotography" to East­
man Kodak Company, Special Sensitized Products Division, 
Rochester 4, N .  Y .  I t  covers much more than what lens aper-
tures to use. 

*Perhaps this will  help show whal the oblique lines connec t :  

17.6 

........ 
� § 8.8 
� 
� ........ 
" l '·' 
(; � 0 � 2.2 
S 

1.1 1----+-------+-----,..-.--. . .. __ ..... 

f/ll f/5.6 f/2.8 
LENS OPENING 

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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captured by Concord 
THE 

INTERGALACTIC 
FORMULA 

FOR 
AUDIOSONIC 

CALCULATION 

4 

3 

2 
1 

track stereo record 
and playback 
speeds: 
7J�, 37.1, I?' 
separated 6" speakers 
2 dynamic microphones 

low price 

10 
good reasons why 
you should own a 

Concord 550 priced under $320 
Concord 550's transistorized operation 
assures greatest reliability with free­
dom from noise, heat and hum, Other 
features include exclusive "Trans-A­
Track" operation for education and 
fun, push button controls, sound-on­
sound and 2 VU meters. Operates thm 
amplifiers and speakers of high fidelity 
system or completely self-contained. 
550 D tape deck version available, 
less than $230. 

TRANSISTORIZED 

CONCORD 550 
MAIL COUPON TO: 

CONCOROe�LECTRONICS CORPORATION 
DEPT. R, 809 N. CAHUENGA BLVD" LOS ANGELES 33, CALIF. 
for Concord's free boohlet "All The Facls" and the 
full story on the 550. 

X·\l\IE ______________ _ _ 

ADDRESS ______________ _ 

CITY __________ STATE ___ _ 
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Power Politics and Nuclear Power 

N
uclear power has become incxtri­

cably tangled with power poli­
tics, and last month the combi­

nation of the two dominated the inter­
national scene and even played a large 
role in the domestic politics of several 
countries. In Geneva the U.S. and the 
U.S.S.H. were still wrestling with the old 
and difficult issue of safeguards against 
clandestine underground testing. The 
U.S.S.H.., having agreed to the principle 
of inspection, stood on its ofFer of two or 
three inspections a year. The U.S., hav­
ing come down from its 12 to 20 a 
year to seven, tried in vain to get the 
Soviet representatives to bargain away 
the difference. The U.S. indicated that a 
spelling out of inspection procedures and 
the details of a "black box" automatic 
detection system would facilitate such 
bargaining; the Hussians demanded ini­
tial agreement on a specific number of 
inspections. 

While the two sides in the cold war 
debated how to stop testing the bomb, 
the Western allies were arguing among 
themselves about how to deploy it. 
France is shaping its own nuclear force, 
and President de Gaulle's close relation 
with '''est Germany has raised fears of 
a Bonn-Paris axis armed with the bomb. 
Under the Nassau plan agrced to by 
President Kennedy and Prime �1inister 
Macmillan, Great Britain is expected to 
buy Polaris submarines and use them as 
the basis of its own nuclear deterrent. In 
an effort to prevent the Balkanization of 
Europe into rival nuclear powers, the 
U.S. last month proposed the formation 
of a N_-\TO deterrent force armed with 

SCIENCE AND 
Polaris-bearing surface ships and sub­
marines. Even if the plan is accepted by 
the KATO governments, it seems likely to 
run into political difficulties within many 
of the countries: in Canada and Great 
Britain it is a hot political issue. 

While it negotiates in Geneva and the 
:'\ATO capitals, the Kennedy Administra­
tion is having trouble protecting its rear 
in Washington. Hepublican opposition to 
test-ban concessions was formalized by 
a House "Hepublican Conference Com­
mittee on Nuclear Testing" report accus­
ing the Administration of cndangering 
U.S. sccurity by moving toward all in­
adequately policed test suspension. As 
for the I\'ATO force, it too seemed likely to 
run up against Congressional objections 
on the ground that it would place ton 

many fingers on the nuclear trigger ane! 
would violate the Ato,nic Encrgy Act. 

Venus Confirmed 

Instruments aboard Mariner II, which 
passed to within about 21,000 miles 

of Venus on December 14, 1962, incli­
cated that temperature measurements 
made previously by earth-bound instru­
ments were remarkably good. Terrestrial 
instruments had indicated surfacc tem­
peratures of about 600 degrees Fahren­
heit, averaged over the whole planet. 
Mariner 11 took three sets of readings, 
one on the sunlit side of Venus, one on 

the dark side and one across the termina­
tor (the line separating the sunlit and 
dark sides). The temperatures for the 
three regions were respectively 260, 370 
and 570 degrees F. 

Since most objects are not ideal radia­
tors it can be assumed that the actual 
Venusian temperatures are somewhat 
bigher tban the values given. A prelimi­
nary estimate is that tbe actual tem­
perature at the terminator is about 800 
degrees. The terminator value is con­
sidered to be more indicative of the true 
surface temperat'Jre than values obtained 
for either the sunlit or the dark side. 
When Mariner 11's instruments viewcd 
the sunlit and dark sides, an effect known 
as limb darkening came into play and 
reduced the temperature readings. This 
simply means that when the planet was 
viewed oblicluely, the instruments re­
sponded to a greater thickness of the 
cold Venusian atmosphere. 

The observation of limb darkening 
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THE CITIZEN 
was in itself important: it set to rest the 
speculation that the Venusian ionosphere 
might have an electron density thou­
sands of times that of the earth. A dense 
shell of electrons would have produced 
limb brightening. 

Mariner II carried two microwave 
radiometers, which operated at wave­
lengths of 13.5 and 19 millimeters. If 
there were much water vapor in the at­
mosphere of Venus, 13.5-mm. radiation 
emanating from the surface of the planet 
would be absorbed, whereas 19-mm. ra­
diation would not. A comparison of the 
two readings showed that the atmos­
phere contains very little water vapor. 

The temperature near the top of the 
Venusian atmosphere was determined 
by infrared radiometers that measured 
the emission at wavelengths of 8.4 and 
10.4 microns (thousandths of a milli­
meter). The two wavelengths were 
chosen in the hope of detecting breaks in 
the cloud cover of Venus. In the 10-
micron region the lower atmosphere of 
the planet is masked by carbon dioxide. In 
the eight-micron region the atmosphere 
is transparcnt except for clouds. If there 
had been breaks in the cloud mass, the 
eight-micron detector would have seen 
down to a deeper, hotter region than the 
10-micron detector. Thc actual data 
show no significant differences between 
the two readings. At the center of the 
planet's disk the cloud-layer temperature 
was about - 30 degrees F. This too 
agrees closely with values measured 
from the earth. 

The one anomaly in the temperature 
data was the finding of a spot in the 
cloud cover that was about 20 degrees 
cooler than elsewhere. This means that 
the clouds in this region are higher or 
more opaque or both. Conceivably the 
cold spot aloft is associatcd with some 
hidden feature of the surface. 

Lost Scientists 

1'he richest countrv in the world is ab­
sorbing scientists from other coun­

tries at a rate that is causing increasing 
concern in underdeveloped nations and 
in Great Britain, one of the most highly 
developed. Between 1957 and 1961, ac­
cording to a National Science Founda­
tion report last year, more than 24,000 
scientists and engineers immigrated to 
the U. S. In addition 2,400 students from 

RADIATION 

Ionizing radiation - in precisely con­

trolled energies and intensities - is a 

new form of process energy that High 

Voltage Engineering particle accelera­

tors make avai lable to industry. 

Many modern companies are using 

these accelerators to improve processing 

- and to create unique new products. 

Through machine-made radiation, sev­

eral companies have adopted continuous 

sterilized in-the - package techniques. 

Other companies have developed new 

methods of curing and bonding coat­

ings; inducing "shrink-memory" in plas­

tics; controlling the electrical properties 

of semiconductors. All under the elec­

tron beam - on a production-line basis. 

Can ionizing radiation help improve 

your product or your process? The best 

way to find out is to put the question to 

High Voltage Engineering, the leader in 

the development of this new form of 

process energy. Write today for i nforma­

tion on accelerators or service irradiation 

of your product. High Voltage Engineer­

ing Corporation, Burlington, Mass. Sub­

sidiaries: Ion Physics Corporation, Elec­

tronized Chemicals Corporation, Burling­

ton, Mass.; High Voltage Engineering 

(Europa) N.V., Amersfoort, The Nether­

lands. 

HIGH VOLTAGE 
ENGINE E RING 
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READY ... 

GET SET ... 

GO ... (to -100°F) 

that's all there is to freeze-drying 
with DRI-COpL the first liquid 

CO2 freeze-dry equipment 

No need to waste time and encounter the 
mess connected with dry ice devices ... 
simply turn a valve, flick a switch, and your 
freeze-dryer is operative. 

DRI-COJlL, employing accurately metered, 
instantly available liquid carbon dioxide, con­
stitutes a notable technical breakthrough, 
offering pharmaceutical laboratories, hospi­
tal clinics and private and university re­
search centers these important advantages: 
Greater convenience with instantly available, 
flow-controlled, liquid CO, coolant. Greater 
safety, with the elimination of the flam­
mable alcohol or acetone bath required by 
dry ice. Greater economy-performance com­
parable with a cascade refrigerator, at a 
fraction of the initial cost, plus the savings 
and convenience of liquid CO,. DRI-Cq,OL 
offers a complete line of freeze-dry equIp­
ment and accessories, from a mobile unit to 
table model. 

Write for additional literature to: 

sociated 
ASSOCIATED TESTING LABORATORIES, INC. 

164 Route 46, Wayne, N. J • •  Clifford 6-28011 
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abroad received doctorates in the phys­
ical and biological sciences here between 
1957 and 1960, and many of these stu­
dents settled in the U.S. instead of re­
turning home. From this country's point 
of view the influx is a good thing. As the 
NSF report pointed out, "domestic in­
stitutions of higher education do not yet 
provide the country's needed annual 
aggregate of scientists." 

But the drift of scientists to the U. S. 
does not seem so beneficent to their 
home countries. In recent years there 
have been complaints that the new na­
tions and others attempting to build their 
scientific and technical man-power re­
sources are providing a form of "foreign 
aid" they can least afford by exporting 
trained men or promising students to this 
country. Last month Britain's Royal So­
ciety reported that 518 scientists with 
doctorates, most of them physicists and 
chemists, left Britain for the U. S. be­
tween 1952 and 1962, at an annual rate 
that doubled during the 10-year period. 
Britain is now losing about one out of 
eight of its best scientists by emigration 
each year, half of them to the U. S. Quot­
ing the report, Viscount Hailsham, Brit­
ain's Minister of Science, complained to 
the House of Lords of "a recruiting drive 
systematically and deliberately under­
taken by American business, by Ameri­
can universities and, to a lesser extent, 
by American government ... to buy 
British brains and pre-empt them for the 
service of the U.S.A." Lord Hailsham 
suggested that the U.S. has to "live para­
sitically on other people's brains" be­
cause of the inadequacies of its high 
school system, and he said that, pending 
the reform of U.5. schools, Britain can 
stem the flow onlv by providing better 
research facilities and opportunities at 
home. 

Conserved Current 

A new conservation law in physics, 
- first stated in 1958, has now been 

demonstrated to hold true. Miss C. S. Wu 
of Columbia University, who performed 
the crucial experiment on the noncon­
servation of parity in the weak interac­
tions, has. made measurements showing 
that a (luantity called vector current is 
conserved in these interactions. Her work 
was done with the radioactive isotopes 
boron 12 and nitrogen 12, both of which 
decay into carbon 12 through the weak 
interaction of beta decay. She compared 
the energy spectra of the electron given 
off by boron and the positron emitted in 
the decay of nitrogen and obtained a 
result closely equal to that predicted four 
years ago. 

At that time Richard P. Feynman and 
Murray Cell-Mann of the California In­
stitute of Technology enunciated the 
conservation law in trying to account for 
a peculiarity in the behavior of the weak 
interactions. A mathematical quantity 
called the vector coupling constant is the 
same for the decay of the mu meson 
(muon) and the b�ta decay of the neu­

tron, even though neutrons spend much 
of their lives surrounded by a "virtual" 
cloud of pi mesons (pions) and muons 
do not interact with pions at all. 

Feynman and Cell-Mann reasoned by 
analogy from the electromagnetic sit­
uation, where the charge on the nu­
cleon (proton or neutron) is conserved 
through its conversion into meson clouds 
and back again to the "bare" particle. 
They said that similarly a vector current 
must be conserved in the case of the 
neutron-pion mixture in the weak inter­
actions. Vector current gives the vector 
coupling constant for any weak decay 
slIch as that of the muon, the nucleon or 
the pion itself. Out of the theory came a 
specific prediction about the form of the 
beta decay of boron 12 and nitrogen 12 
to carbon 12. 

-

-Many experimenters _ had tried to 
check the prediction, but theij- work was 
not sufficiently accurate to uncover the 
small effect being looked for. Now Miss 
Wu has succeeded, and has put the con­
servation of vector current on a firm foot­
ing. By implication this means that pions 
as well as nucleons and muons can decay 
through weak interaction. 

Wet Electron 

Knowledge of the high-speed chemi-
cal events that take place when 

water is exposed to ionizing radiation is 
of great interest to workers in many 
fields, particularly designers of nuclear 
reactors and cancer investigators. It has 
now been discovered that much of the 
chemical reactivity of irradiated water 
can be traced to a highly transient chemi­
cal fragment consisting of an electron 
feebly bound to a group of water mole­
cules. An electron trapped in this manner 
is termed a hydrated, or wet, electron. 
Evidence for its existence is reported by 
Edwin J. Hart of the Argonne National 
Laboratory and Jack W. Boag of Mount 
Vernon Hospital in Northwood, Eng­
land, where the work was done. 

Recent studies have shown that the 
first effect of irradiation is to set free 
an electron ( e- ) , leaving a positively 
charged water molecule (H�O+). Ulti­
mately the free electron reacts with 
water, setting free a hydrogen atom, but 
how this took place was obscure. About 
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10 years ago Robert L. Platzman, a 
physicist at the Argonne Laboratory, 
suggested that the electron would have 
to become hydrated before it could react 
with water. It had been known for many 
years that electrons can become "sol­
vated" under certain conditions-for 
example, in liquid-ammonia solutions 
of alkali metals such as sodium-but 
the effect had not been demonstrated 
when water was the solvent. In am­
monia the solvated electron strongly 
absorbs red and infrared radiation 
with a peak absorption at a wavelength 
of about 14,500 angstrom units. More­
over, the ammonia-solvated electron is 
extremely stable. 

A number of workers looked for the 
hydrated electron without success. Hart 
and Boag found it while studying the 
effects on aqueous solutions of brief 
pulses of high-speed electrons. The solu­
tions were irradiated in a small quartz 
cell with electron pulses lasting two 
microseconds (millionths of a second). 
Simultaneously the cell was illuminated 
with a bright flash of light lasting four 
microseconds. After passing through the 
cell the light entered a spectrograph, 
where it was separated into its compo­
nent wavelengths. Chemical fragments 
formed in the cell could be identified by 
their absorption spectra. An intense ab­
sorption band, never before seen, turned 
up with a peak around 7,000 angstroms. 
Subsequent experiments showed that the 
absorption was due to the wet electron. 
Its estimated lifetime in pure water 
is between 10 microseconds and 100 
microseconds. In this brief period it can 
initiate a great variety of chemical re­
actions, now being explored in detail. 

Water-breathing Rodents 

Rats and mice can survive for many 
hours while breathing water, it has 

been independently ascertained by a 
team of investigators in the Netherlands 
and three students at the University of 
California Medical Center in San Fran­
cisco. To bring about this seeming re­
versal of evolution, two conditions must 
be met. The water must contain salts in 
isotonic, or physiological, concentration 
and oxygen must be led into it under 
pressure to raise the dissolved oxygen 
content well above normal levels. 

The Dutch investigators, J. A. Klystra 
and his associates at the University of 
Leiden, were led to their experiments by 
a study of the mechanics of drowning. 
Mice were submerged in a tank and 
observed until respiratory movements 
stopped. When the tank was filled with 
ordinary sea water or tap water, the mice 
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died quickly. When it was filled with an 
isotonic solution and oxygen was bub­
bled into it at a pressure of eight atmos­
pheres (120 pounds per square inch), 
mice survived for as long as four hours. 
And when the temperature was held at 
20 degrees C. and an agent was added to 
improve carbon dioxide exchange, sur­
vivals increased to a maximum of nearly 
18 hours. 

The California students-Terence L. 
Horner, John H. Pegg and Eric A. 
'''1ahrenbrock-became interested in the 
water-breathing problem through skin 
diving. In their study, carried out under 
the supervision of John W. Severinghaus 
of the medical school faculty, rats were 
anesthetized and a tracheotomy tube was 
inserted to assure a clear "waterway" to 
the lungs. The rats were then placed for 
up to four hours in a tank filled ,vith an 
isotonic solution, buffered to aid carbon 
dioxide exchange; oxygen was bubbled 
into the tank under 10 atmospheres of 
pressure. When they were removed from 
the tank and their lungs were drained, 
they were alert and scampered about. 
They soon died of lung collapse, how­
ever. 

The most significant question raised 
by the experiments is not why the sub­
merged rodents lived so long, since water 
under eight to 10 atmospheres of pres­
sure will hold as much free oxygen as the 
same volume of air, but why they died. 
Several possible explanations have been 
advanced, including damage to the lin­
ing of the lungs and exhaustion from the 
mechanical work of moving water in and 
out of them. In any event, notes Sever­
inghaus, the water-breathing rodents 
may provide a means of studying respira­
tory problems in newborn infants, whose 
habitat up to the moment of birth is a 
fluid-filled womb. 

Optical Transistor 

G allium arsenide, the crystal that has 
recently come into prominence for 

making the light-amplifying devices 
called lasers, has now been used to make 
an optical analogue of the junction tran­
sistor, a device for amplifying or switch­
ing electric signals. In a conventional 
transistor the incoming signal stimulates 
an internal flow of electric charges, 
which may be carried by either electrons 
or "holes" (sites vacated by electrons). 
In the new optical transistor some of the 
incoming electric signal stimulates the 
emission of light in the first layer of a 
three-layer structure. The light carries 
the signal across a middle, or base, layer 
and is absorbed in the third layer, re­
leasing electrons that constitute the out-
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put current. The advantage of the opti­
cal transistor is that light can cross the 
base region much faster than electrons 
or holes can. To obtain high-speed (or 
high-frequency) operation in a conven­
tional transistor the base must be made 
extremely thin to minimize signal travel 
time, and thinness is difficult and costly 
to achieve. In the optical transistor ex­
treme thinness is unnecessary. 

The optical transistor was devised by 
Richard F. Rutz of the International 
Business Machines Corporation. Al­
though somewhat similar devices have 
recently been proposed by workers at the 
Lincoln Laboratory of the Massachusetts 
Institute of Technology, Rutz's device is 
evidently the first of its kind to be re­
duced to practice. 

Petroleum Mulch 

Gardeners and farmers sometimes 
spread a mulch of straw, leaves, 

sawdust, paper, dead moss or a similar 
substance to protect the roots of young 
plants from cold and drought. Now the 
firm Esso Research has developed a 
mulch of inexpensive petroleum resins 
that does the job far more effectively 
than traditional materials, producing 
large increases in crop yields. 

The substance performs four func­
tions. Because it is dark it absorbs heat 
from the sun, warming the soil by as 
much as 20 degrees Fahrenheit and 
speeding germination. It reduces evapo­
ration of water from the soil. It holds the 
soil, thereby decreasing erosion, and it 
prevents water and other agents from 
dispersing mineral and chemical fertility 
factors in the soil. 

Esso has been testing the mulch in 
various parts of the world for the past 
three years. After a field is planted with 
a row crop the emulsion is sprayed on in 
bands from three to 10 inches wide. It 
forms a thin, continuous film that clings 
but does not penetrate deeply and that 
lasts from four to 10 weeks. 

The new mulch has proved particular­
ly effective in arid climates. Arizona cot­
ton fields sprayed with the mulch pro­
duced 121,900 plants per acre 12 days 
after planting, compared with only 8,710 
plants in the unsprayed field. After 21 
days the mulched field had 139,000 
plants as against 1 12,000 in the control 
field. The final yield of the mulched field 
was 2.22 bales per acre, compared with 
1.65 for the control field, an increase of 
34 per cent. The material apparently 
does no harm to the soil. One field was 
covered with a 20-year supply of mulch, 
then plowed and planted; it produced a 
normal crop. 

Pioneers in ASW, Daystrom Electric is 

presently undertaking large· scale expan­

sion of its researches into oceanography 

and underwater technology. Scientists and 
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strumented. Available specialized instru­

mentation is unmatched in the industry. 
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man, or expect to be, please contact our 

Dr. A. E. Smick, General Manager. 
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the house on submarine alley ... 

The water ripples lightly. It laps at a line of buoys, 

and at the moorings of a floating shack nearby. 

Then an underwater charge explodes, hurling the surface 

upwards in a plume ... an anti-submarine warfare run 

has begun at Daystrom Electric. 

This is "submarine alley": our private land-locked 

lagoon, 160 feet deep, % mile long, and holding 

approximatel y 1'l2 billion gallons of water. The "shack" 

is a highly-instrumented electronics laboratory. Here, 

our oceanographers, engineers, and other scientists have 

carried out countless studies in underwater technology; 

studies resulting in new devices and equipment for the 

whole field of oceanography, as well as applications special 

to anti-submarine warfare. We have designed and 

developed underwater acoustic and measurement systems, 

shipboard instruments, airborne instruments, transducers, 

support equipment, ordnance and other devices. 

Undersea technology has been the specific province of 

Daystrom Electric for many years. We have accumulated 
our knowledge in the actual underwater environment, 

where theory meets its rudest test. In addition, we regularly 

utilize our own ocean-going research vessel for further 

full-scale studies in marine phenomena. With these facilities 
constantly available, our staff has acquired first-hand, 

practical experience that is reflected in all our researches. 
Have you a problem for the house on submarine alley? 

In ....... �DAYSTROM, INCORPORATED 

I-� ELECTRIC DIVISION 
MANCHESTER ROAD, POUGHKEEPSIE, N. Y • •  (914) GLOBE 2-4000 
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CONTINENrrAL DRIFT 

In 1912 Alfred \11 egener proposed that the continents had originated 

]n the breakup of one supercontinent. I-lis idea has not been widely 

accepted, hut new evidence suggests that the principle IS correct 

Geology has reconstructed with 
great success the events that lie 
behind thc present appearance 

of much of the earth's landscape. It has 
explained many of the observed features, 
such as folded mountains, fractures in 
the crust and marine deposits high on 
the surface of continents. Unfortunate­
ly, wl!en it comes to fundamental proc­
esses-those that formed the continents 
and ocean basins, that set the major 
periods of mountain-building in mo­
tion, that began and ended the ice ages­
geology has been less successful. On 
these <luestions there is no agreement, in 
spite of mucll speculation. The range of 
opinion divides most sharply between 
the position that the earth has been rigid 
throughout its history, with fixed ocean 
basins and continents, and the idea that 
the earth is slightly plastic, with the 
continents slowly drifting over its sur­
face, fracturing and reuniting and per­
haps growing in the process. Whereas 
the first of these ideas has been more 
widelv accepted, interest in continental 
drift is currently on the rise. In this arti­
cle I shall explore the reasons why. 

The subjeet is large and full of pit­
falls. The reader should be warned that 
I am not presenting an accepted or even 
a completc theory but one man's view 
of fragments of a subject to which many 
are contributing and about which ideas 
are rapidlv changing and developing. 
If it is conceded that much of this is 
speculation, then it should also be added 
that many of the accepted ideas have in 
fact been speculations also. 

In the past several different theories 
of continental drift have been advanced 
and each has been shown to be wrong in 
some respects. Until it is indisputably 
established that such movements in the 
earth's crust are impossible, however, a 
multitude of theories of continental drift 
remain to be considered. Although there 
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by J. Tuzo Wilson 

is only one pattern for fixed continents 
and a rigid earth, many patterns of con­
tinental migration are conccivable. 

The traditional rigid-earth theory 
holds that the earth, once hot, is now 
cooling, that it became rigid at an early 
date and that the contraction attendant 
on the cObling process creates compres­
sive forces that, at intervals, sy'ueeze up 
mountains along the weak margins of 
continents or in deep basins filled with 
soft sediments. This view, first suggested 
by Isaac Newton, was y'lJantitatively 
established during the 19th century to 
suit ideas then prevailing. It was found 
that an initially hot, molten earth would 
cool to its present temperature in about 
100 million years and that, in so doing, 
its circumference would contract by at 
least tens and perhaps hundreds of 
miles. The irregular shape and distribu­
tion of continents presented a puzzle 
but, setting this aside, it was thought 
that the granitic blocks of the continents 
had differentiated from the rest of the 
crustal rock and had frozen in place at 
the close of the first, fluid chapter of the 
earth's history. Since then they had 
been modified in situ, without migrating. 

This hypothesis, in its essentials, still 
has many adherents. They includc most 
geologists, with notable exceptions 
among those who work around the mar­
gins of the southern continents. The va­
lidity of the underlying physical theory 
is defended by some physicists. On the 
other hand, a number of formidable 
objections have been raised by those 
who have studied radioactivity, ancient 
climates, terrestrial magnetism and, most 
recently, submarine geology. Many bi­
ologists have also thought that, although 
the evolution and migration of later 
forms of life-particularly since the ad­
vent of mammals-could be satisfactorily 
traced on the existing pattern of conti­
nents, the distribution of earlier forms re-

<Juired either land bridges across the 
oceans-the origin and disappearance of 
which are difficult to explain-or a differ­
ent arrangement of thc continents. 

The discovery of radioactivity al­
tered the original" concept of the con­
traction theory without absolutely in­
validating it. In thc first place, the age 
of the carth could be reliably deter­
mined from knowledge of the rate at 
which the unstable isotopes of various 
elements decay and by measurement of 
the ratios of daughter to parent isotopes 
present in the rocks. These studies 
showed the earth to be much older than 
had been imagined, perhaps 4.5 billion 
years old. Dating of the rocks indicated 
that the continentLare zoned and have 
apparently grown by accretion over the 
ages. Finally, it was found that the de­
cay of uranium, thorium and one isotope 
of potassium generates a large but un­
known supply of heat that must have 
slowed, although it did not necessarily 
stop, the cooling of the earth. 

The rigid earth now appeared to be 
less rigid. It became possible to explain 
the knowledge, already a century old, 
that great continental ice sheets had de­
pressed the earth's crust, just as the loads 
of ice that cover Greenland and Antarc­
tica depress the crust in those regions 
today. Observation showed that central 
Scandinavia and northern Canada, 
which had been covered with glacial 
ice until it melted 11,000 years ago, 
were still rising at the rate of about a 
centimeter a year. Calculations of the 
viscosity of the interior based on these 
studies led to the realization that the 
earth as a whole behaves as though a 
cool and brittle upper layer, perhaps 
100 kilometers thick, rests on a hot and 
plastic interior. All the large topographi­
cal features-continents, ocean basins, 
mountain ranges and even individual 
volcanoes-slowly seek a rough hydro-
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ROBESON CHANNEL separating northwestern Greenland (upper 

right) from Ellesmere Island (foreground) marks the Wegener 
Fault. The latter was named by the author for the German meteorol· 

ogist who 50 years ago predicted the existence of such a fault and of 
a great lateral displacement along the length of the channel. Not 
yet fully mapped, it probably joins a known fault farther southwest. 
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AGE OF ATLANTIC ISLANDS, as indicated by the age of the 
oldest rocks found on them, apparently tends to increase with in· 
creasing distance from the Mid·Atlantic Ridge. The numbers asso· 
ciated with the islands give these ages in millions of years. Geol· 
ogists divide Iceland into three areas of different ages, the cen· 
tral one being the youngest. The Rio Grande and Walvis ridges are 
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static equilibrium with one another on 
the exterior. Precise local measurements 
of gravity showed that the reason some 
features remain higher than others is 
that they have deeper, lighter roots than 
those that are low. The continents were 
seen to Boat like great tabular icebergs 
on a frozen sea. 

Everyone could agree that in response 
to vertical forces the outer crustal layer 
moved up and down, causing Bow in the 
interior. The crux of the argument be­
tween the proponents of fixed and of 
drifting continents became the question 
of whether the outer crust must remain 
rigid under horizontal forces or whether 
it could respond to such forces by slow 
lateral movements. 

Gondwanaland and "Pangaea" 

Suggestions that the continents might 
have moved had been advanced on vari­
ous grounds for centuries. The remark­
able jigsaw-puzzle fit of the Atlantic 
coasts of Africa and South America pro­
voked the imagination of explorers al­
most as soon as the continental outlines 
appeared opposite each other on the 
world map. In the late 19th century 
geologists of the Southern Hemisphere 
were moved to push the continents of 
that hemisphere together in one or an­
other combination in order to explain 
the parallel formations they found, and 
by the turn of the century the Austrian 
geologist Eduard Suess had reassembled 
them all in a single giant land mass that 
he called Gondwanaland (after Gond­
wana, a key geological province in east 
central India) . 

The first comprehensive theory of 
continental drift was put forward by the 
German meteorologist Alfred Wegener 
in 1912. He argued that if the earth 
could Bow vertically in response to ver­
tical forces, it could also Bow laterally. 
In support of a different primeval ar­
rangement of land masses he was able 
to point to an astonishing number of 
close affinities of fossils, rocks and struc­
tures on opposite sides of the Atlantic 
that, he suggested, ran evenly across, 
like lines of print when the ragged edges 
of two pieces of a torn newspaper are 
fitted together again. According to Weg­
ener all the continents had been joined 
in a single supercontinent about 200 
million years ago, with the Western 
Hemisphere continents moved eastward 
and butted against the western shores 
of Europe and Africa and with the 
Southern Hemisphere continents nestled 
together on the southern Bank of this 
"Pangaea." Under the action of forces 

GREAT GLEN FAULT in Scotland is named for a valley resulting from erosion along the 
line of the fault. About 350 million years ago the northern part of Scotland was slowly 
moved some 60 miles to the southwest along this line (see illustratioll 011 opposite page). 

ASPY FAULT in northern Nova Scotia is marked by several cliffs like the one seen here. 
The fault is part of the Cabot Fault system extending from Boston to Newfoundland (see 

illustratioll 011 opposite page) and may represent an extension of the Great Glen Fault. 
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associated with the rotation of the earth, 
the continents had broken apart, open­
ing up the Atlantic and Indian oceans. 

Between 1920 and 1930 Wegener's 
hypothesis excited great controversy. 
Physicists found the mechanism he had 
proposed inadequate and expressed 
doubt that the continents could move 
laterally in any case. Geologists showed 
that some of Wegener's suggestions for 
reassembling the continents into a sin-

gle continent were certainly wrong and 
that drift was unnecessary to explain the 
coincidences of geology in many areas. 
They could not, however, dispute the 
validity of most of the transatlantic con­
nections. Indeed, more such connections 
have been steadily added. 

It was the discovery of one of these 
connections that prompted my own re­
cent inquiries into the subject of conti­
nental drift. A huge fault of great age 

bisects Scotland along the Great Glen 
in the Caledonian Mountains. On the 
western side of the Atlantic, I was able 
to show, a string of well-known faults of 
the same great age connect up into an­
other huge fault, the "Cabot Fault" ex­
tending from Boston to northern New­
foundland. These two great faults are 
much older than the submarine ridge 
and rift recently discovered on the floor 
of the mid-Atlantic and shown to be a 

CONVECTION CURRENTS in the earth's mantle may move blocks 
of crustal material with different effects. Continental mountain 

chains and island arcs could form where currents sink and blocks 
meet; mid-ocean ridges, where currents rise and blocks are torn 
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young formation. The two faults would 
be one if Wegener's reconstruction or 
something like it were correct. '''Iegener 
also thought that Greenland (where he 
died in 1930) and Ellesmere Island in 
the Canadian Arctic had been torn apart 
by a great lateral displacement along the 
Robeson Channel. The Geological Sur­
vey of Canada has since discovered that 
the Canadian coast is faulted there. 

Many geologists of the Southern Hem-

isphere, led by Alex. L. Du Toit of South 
Africa, welcomed Wegener's views. 
They sought to explain the mounting 
evidence that an ice age of 200 million 
years ago had spread a glacier over the 
now scattered continents of the South­
ern Hemisphere. At the same time, ac­
cording to the geological record, the 
great coal deposits of the Northern Hem­
isphere were being ·formed in tropical 
forests as far north as Spitsbergen. To 

resolve this climatic paradox Du Toit 
proposed a different reconstruction of 
the continent. He brought the southern 
continents together at the South Pole 
and the northern coal forests toward the 
Equator. Later, he thought, the southern 
continent had broken up and its com­
ponent subcontinents had drifted north­
ward. 

The compelling evidence for the ex­
istence of a Gondwanaland during the 

apart. On this assumption arrows indicate directions of horizontal 
flow of currents at the present time. Solid colored lines repre-

sent mountain chains and island arcs; heavy white lines, the world­
wide system of mid-ocean ridges; and broken colored lines, faults. 

91 

© 1963 SCIENTIFIC AMERICAN, INC



Mesozoic era-the "Age of Reptiles"­
has been reinforced by the findings 
made in Antarctica since the intensive 
study of that continent began in 1955. 
The ice-free outcrops on the continent, 
although few, not only show the record 
of the earlier ice age that gripped the 
rest of the land masses in the Southern 
Hemisphere but also bear deposits of a 
low-grade coal laid down in a still ear­
lier age of verdure that covered all the 
same land masses with the peculiar big­
leafed Glossopteris flora found in their 
coal beds as well. 

Many suggestions have been made as 
to how to create and destroy the land 
bridges needed to explain the biological 
evidence without moving the continents. 
Some involve isthmuses and some in­
volve whole continents that have sub­
sided below the surface of the ocean. 
But the chemistry and density of con­
tinents and ocean floors are now known 

to be so different that it seems even 
more difficult today to raise and lower 
ocean floors than it is to cause continents 
to migrate. 

Convection in the Mantle 

One of the first leads to a mechanism 
that would move continents came more 
than 30 years ago from the extension to 
the ocean floor of the sensitive tech­
niques of gravimetry that had estab­
lished the rule of hydrostatic equilib­
rium, or isostasy, ashore. The Dutch 
geophysicist Felix A. Vening Meinesz 
demonstrated that a submerged sub­
marine would provide a sufficiently 
stable platform to allow the use of a 
gravimeter at sea. Over the abyssal 
trenches in the sea floor that are asso­
ciated with the island arcs of Indonesia 
and the western side of the Pacific he 
found some of the largest deficiencies 

in gravity ever recorded. It was clear 
that isostasy does not hold in the trench­
es. Some force at work there pulls the 
crust into the depths of the trenches 
more strongly than the pull of gravity 
does. 

Arthur Holmes of the University of 
Edinburgh and D. T. Griggs, now at 
the University of California at Los An­
geles, were stimulated by these observa­
tions to re-examine and restate in mod­
ern terms an old idea of geophysics: that 
the interior of the earth is in a state of 
extremely sluggish thermal convection, 
turning over the way water does when 
it is heated in a pan. They showed that 
convection currents were necessary to 
account in full for the transfer of heat 
flowing from the earth's interior through 
the poorly conductive material of the 
mantle: the region that lies between the 
core and the crust. The trenches, they 
said, mark the places where currents in 

EFFECTS OF CONVECTION CURRENTS, schematized in the 
two illustrations on this page, provide one possible means of ac· 
counting for the formation of median ridges, lateral ridges, moun· 
tain ranges and earthquake belts. Rising and separating currents 

(arrows at right) could break the crustal rock and pull it apart; the 
rift would be filled by altered mantle material (as suggested by H. 
H. Hess of Princeton University) and lava flows, forming a median 
ridge. Sinking currents (left) could pull the ocean floor down. 

DRIFTING CONTINENT may be "piled up," where it meets sink· 
ing currents, to form mountains like those of the Andes (left). 

Since continents are lighter than the mantle material of the ocean 
floor, they cannot sink but tend to be pushed over sinking currents, 
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which are marked by deep earthquakes. Active volcanoes continue 
to form over rising currents (right) , but drift may carry these vol· 
canic piles away to either side of the median ridge. Separated from 
their source, the inactive cones form one or two lateral ridges. 
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the mantle descend again into the in­
terior of the earth, pulling down the 
ocean floor. 

Convection currents in the mantle 
now play the leading role in every dis­
cussion of the large-scale and long-term 
processes that go on in the earth. It is 
true that the evidence for their existence 
is indirect; they flow too deep in the 
earth and too slowly-a few centimeters 
a year-for direct observation. Nonethe­
less their presence is supported by an in­
creasing body of independently estab­
lished evidence and by a more rigorous 
statement of the theory of their behavior. 
Recently, for example, S. K. Runcorn 
of Durham University has shown that 
to stop convection the mantle material 
would have to be 10,000 times more 
viscous than the rate of postglacial re­
coil indicates. It is, therefore, highly 
probable that convection currents are 
flowing in the earth. 

Perhaps the strongest confirmation 
has come with the discovery of the re­
gions where these currents appear to 
ascend toward the earth's surface. This is 
the major discovery of the recent period 
of extraordinary progress in the explora­
tion of the ocean bottom, and it involves 
a feature of the earth's topography as 
grand in scale as the continents them­
selves. Across the floors of all the oceans, 
for a distance of 40,000 miles, there 
runs a continuous system of ridges. Over 
long stretches, as in the mid-Atlantic, 
the ridge is faulted and rifted under the 
tension of forces acting at right angles 
to the axis of the ridge. Measurements 
first undertaken by Sir Edward Bullard 
of the University of Cambridge show 
that the flow of heat is unusually great 
along these ridges, exceeding by two to 
eight times the average flow of a mil­
lionth of a calorie per square centimeter 
per second observed on the continents 

and elsewhere on the ocean floor. Such 
measurements also show that the flow of 
heat in the trenches, as in the Acapulco 
Trench off the Pacific coast of Central 
America, falls to as little as a tenth of 
the average. 

Most oceanographers now agree that 
the ridges form where convection cur­
rents rise in the earth's mantle and that 
the trenches are pulled down by the 
descent of these currents into the man­
tle. The possibility of lateral movement 
of the currents in between is supported 
by evidence for a slightly plastic layer­
called the asthenosphere-below the 
brittle shell of the earth. Seismic ob­
servations show that the speed of sound 
in this layer suddenly becomes slower, 
indicating that the rock is less dense, 
hotter and more plastic. These observa­
tions have also yielded evidence that 
the asthenosphere is a few hundred 
kilometers thick, somewhat thicker than 

TWO CONVECTION CURRENTS perpendicular to each other 
suggest a mechanism for producing large horizontal faults such as 
the one that has offset western New Zealand 300 miles northward. 
The two convection currents (arrows indicate direction) would 

produce a fault. One current would be forced downward, producing 
a trench and earthquakes along the sloping surface. Continued flow 
of the second current would result in a sliding motion, or lateral 
displacement, along the plane of the fault, shearing the island in two. 

4.---------------------

VOLCANIC·ISLAND CHAINS like the Hawaiian Islands must 
have originated in a process slightly different from that which 
formed pairs of lateral ridges. The source of lava flow does not lie 
on a mid-ocean ridge; it is considered that the source may be deep 

". 

(l00 miles or more) in the slower moving part of convection cur· 
rents. The differential motion carries old volcanoes away from the 
source, while new volcanoes form over the source_ The length of 
the island chain depends on how long the source has been active. 
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FREQUENCY DIAGRAM shows the age distribution of about 40 islands (in main ocean 
basins) dated older than "recent" (the number of very young islands is vastly greater). The 
diagonal line shows the corresponding curve for continental rock ages over equivalent areas. 
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the crust, and that below it the viscosity 
increases again. 

Here, then, is a mechanism, in har· 
mony with physical theory and much 
geological and geophysical observation, 
that provides a means for disrupting and 
moving continents. It is easy to believe 
that where the convection currents rise 
and separate, the surface rocks are 
broken by tension and pulled apart, the 
rift being filled by the altered top of 
the mantle and by the Bow of basalt 
lavas. In contrast to earlier theories of 
continental drift that required the con· 
tinents to be driven through the crust 
like ships through a frozen sea, this 
mechanism conveys them passively by 
the lateral movement of the crust from 
the source of a convection current to its 
sink. The continents, having been built 
up by the accumulation of lighter and 
more siliceous materials brought up 
from below, are not dragged down at 
the trenches where the currents descend 
but pile up there in mountains. The 
ocean Boor, being essentially altered 
mantle, can be carried downward; such 
sediments as have accumulated in the 
trenches descend also and, by compli­
cated processes, may add new mountains 
to the continents. Since the material 
near the surface is chilled and brittle, it 
fractures, causing earthquakes until it is 
heated by its descent. 

From the physical pOint of view, the 
convection cells in the mantle that drive 
these currents can assume a variety of 
sizes and configurations, starting up and 
slowing down from time to time, ex­
panding and contracting. The Bow of 
the currents on the world map may 
therefore follow a single pattern for a 
time, but the pattern should also change 
occasionally owing to changes in the out­
put and transfer of heat from within. It 
is thus possible to explain the periodic­
ity of mountain-building, the random 
and asymmetrical distribution of the 
continents and the abrupt breakup of 
an ancient continent . 

Some geophysicists consider that iso­
static processes set up by gravitational 
forces may suffice to cause the outer 
shell to fracture and to slip laterally 
over the plastic layer of the astheno­
sphere. This mechanism would not re­
quire the intervention of convection cur­
rents. Both mechanisms could explain 
large horizontal displacements of the 
crust. 

Evidence from Terrestrial Magnetism 

Fresh evidence that such great move­
ments have indeed been taking place has 
been provided by two lines of study in 
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the ReId of terrestrial magnetism. On 
the one hand, surveys of the earth's 
magnetic Reid off the coast of California 
show a pattern of local anomalies in the 
ocean Roor running parallel to the axis 
of a now inactive oceanic ridge that un­
derlies the edge of the continent. The 
pattern bears a persuasive resemblance 
to the "photoelastic" strain patterns re­
veated by polarized light in plastics 
placed under stress. More important, 
the pattern shows that the ocean Roor 
is faulted at right angles to the axis of 
the ridge, with great slabs of the crust 
displaced laterally to the west by as 
much as 750 miles. These are apparently 
ancient and inactive fractures; now the 
active faults run northwesterly, as is in­
dicated by the earthquakes along Cali­
fornia's San Andreas Fault. 

Evidence of a more general nature in 
favor of continental drift comes from 
the studies of the "remanent" magnetism 
of the rocks, to which Runcorn, P. M. S. 
Blackett of the University of London 

and Emil Thellier of the University of 
Paris have made signiRcant contribu­
tions. Their investigations have shown 
that rocks can be weakly magnetized at 
the time of formation-during cooling 
in the case of lavas and during deposi­
tion in the case of sediments-and that 
their polarity is aligned with the direc­
tion of the earth's magnetic Reid at the 
place and time of their formation. The 
present orientation of the rocks of vari­
ous ages on the continents indicates that 
they must have been formed in different 
latitudes. The rocks of any one conti­
nent show consistent trends in change 
of orientation with age; those from other 
continents show different shifts. Conti­
nental drift offers the only explanation 
of these Rndings that has withstood 
analysis. 

Some physicists and biologists are 
now prepared to accept continental 
drift, but many geologists still have no 
use for the hypothesis. This is to be ex­
pected. Continents are so large that 

much geology would be the same 
whether drift had occurred or not. It 
is the geology of the ocean Roors that 
promises to settle the question, but the 
real study of that two-thirds of the 
earth's surface has just begun. 

The Oceanic Islands 

One decisive test turns on the age 
of the ocean Roor. If the continents 
have been fixed, the ocean basins should 
all be as old as the continents. If drift 
has occurred, some regions of the ocean 
Roor should be younger than the time 
of drift. 

A survey of the scattered and by no 
means complete literature on the oceanic 
islands conducted by our group at the 
University of Toronto shows that of all 
the islands in the main ocean basins only 
about 40 have rocks that have been 
dated older than the Recent epoch. 
Only three of these-Madagascar and the 
Seychelles of the Indian Ocean and the 

TRISTAN DA CUNHA ISLAND in the South Atlantic lies on the 
Mid-Atlantic Ridge. At center are the lava beds and partially filled 
crater of the main cone, which has not erupted for several centuries. 
Along the perimeter of the island secondary cones are just discerni-

ble, as is the settlement on the island's northeastern promontory 
(upper left) . Several months after this aerial photograph was made 

in 1961 a volcanic eruption took place about 300 yards east (to 

right) of the settlement. The island is eight miles at its widest. 
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Falklands of the South Atlantic-have 
very old rocks; all the others are less 
than 150 million years old. If one re­
gards the exceptions as fragments of the 
nearby continents, the youth of the 
others suggests that either the ocean 
basins are young or that islands are 
not representative samples of the rock 
of the ocean floor. 

Significantly, it turns out that the 
age of the islands in the Atlantic Ocean 
tends to increase with their distance 
from the mid-ocean ridge. In this reck­
oning one need not count the island 
arcs of the West Indies or the South 
Sandwich Islands, which belong to the 
Cordilleran system-that is, the spine of 
mountains running the entire length 
of North and South America-and so 

20 40 60 

have a continental origin. At least six of 
the islands on the ridge or very close 
to it have on them active volcanoes that 
have had recent eruptions; the most 
recent was the eruption of Tristan da 
Cunha, which is located squarely on 
the ridge in the South Atlantic. Only 
two of the islands far from the ridge 
have active volcanoes. If the hot con­
vection currents of the mantle rise un­
der the mid-ocean ridge, it is easy to 
understand why the ridge is the locus 
of active volcanoes and earthquakes. 
The increase in age with distance from 
the ridge suggests that if the more dis­
tant islands had a volcanic origin on the 
ridge, lateral movement of the ocean 
floor has carried them away from the 
ridge. Their ages and distances from 
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INDIAN OCEAN possibly formed as the result of four continents drifting apart. If so, four 
median ridges would have formed midway between continents, with pairs of lateral ridges 
connecting them. Heavy white lines show three known median ridges; there is evidence 
for one running to Sumatra. Broken white lines are lateral ridges; broken colored 
lines, faults; open triangles, inactive volcanoes. Numbers give ages in millions of years. 
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the ridge indicate movement at the rate 
of two to six centimeters a year on the 
average, in keeping with the estimated 
velocity of the convection currents. 

Of great significance in connection 
with the mechanism postulated here are 
the two lateral ridges that run east and 
west from Tristan da Cunha to Africa 
on the one hand and to South America 
on the other. It is reasonable to suppose 
that these ridges had their origin in a 
succession of volcanoes that erupted and 
grew into mountains on the site of the 
present volcano and were carried off 
east and west to form a row of progres­
sively older, extinct and drowned vol­
canoes [see illustration on page 88]. 
There are no earthquakes along the lat­
eral ridges and so they are distinctly 
different in character from the mid­
ocean ridge. These ridges meet the con­
tinental margins at places that would fit 
together on the quite independent cri­
terion of the match of their shore lines. 
One explanation of this coincidence is 
that the continents were indeed jOined 
together and have moved apart, with the 
lateral ridges forming trails that record 
the motion. The two ridges are roughly 
mirror images of each other, showing 
that the motion was uniform on each 
side. Another similar pair of ridges con­
nects Iceland-where the mid-ocean 
ridge comes to the surface and where 
the great tension rift is visible in the 
Icelandic Graben-to Greenland and the 
shelf of the European continent. 

A Double Hypothesis 

Vile have therefore advanced two re­
lated hypotheses: first, that where ad­
jacent continents were once joined a 
median ridge should now lie between 
them; second, that where such conti­
nents are connected by lateral ridges 
they were once butted together in such 
a manner that points marked by the 
shoreward ends of these ridges coin­
cided. If this is correct, it provides a 
unique method for reassembling con­
tinents that have drifted apart. One 
of the major troubles with theories of 
drift has been that the possibilities are 
so numerous no such precise criterion 
existed for putting the poorly fitting jig­
saw puzzle together. 

Without doubt the most severe test 
of this double hypothesis is presented 
by the Indian Ocean. Here four conti­
nents-Africa, India, Australia and Ant­
arctica-may be assumed on geological 
and paleomagnetic evidence to have 
drifted apart. The collision of India with 
the Asian land mass could have thrown 
up the Himalaya mountains at their 
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SINGLE SUPERCONTINENT, presumed to have existed some 150 
million years ago, would have resembled that depicted in the map 

at bottom. A present-day map appears at top. In both maps the dis­
tortion of the continents is a result of the projection employed. 

junction. These continents should ac­
cordingly be separated by four mid­
ocean ridges. Three such ridges have 
already been well established by surveys 
of the Indian Ocean, and there is evi­
dence for the existence of the fourth. 
In each quadrant marked off by the 
ridges there is also, it happens, a lateral 
ridge! These submarine trails may be 
presumed to be records of the motion of 
the continents as they receded from one 
another. From Amsterdam Island one 

of these lateral ridges runs through Ker­
guelen Island to Gaussberg Mountain 
on the coast of Antarctica; a mirror 
image of this ridge runs from Amster­
dam Island to Cape Naturaliste on Aus­
tralia. The corresponding ridges con­
necting Africa and India are distorted 
by lateral faults running along the coasts 
of Madagascar and India. Thus in each 
quadrant there exists a lateral ridge to 
show how points on Madagascar, India, 
Australia and Antarctica once lay close 

together. What is remarkable is not that 
there is some irregularity in the present 
configuration of these ridges but that the 
floor of the Indian Ocean should show 
such a symmetrical pattern. 

The mid-ocean ridge separating Aus­
tralia from Antarctica has been h'aced 
by Henry W. Menard of the Scripps 
Institution of Oceanography across the 
eastern Pacific to connect with the great 
East Pacific Rise. From the topography 
of the Pacific floor it can be deduced 
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that this ridge once extended through 
the rise marked by Cocos Island oft 
Central America and formed the rifted 
ridge that moved North and South 
America apart. Another branch of this 
ridge, running across the southern lati­
tudes, suggests the cause of the separa­
tion of South America from Antarctica. 
The oceanic islands in this broad region 
of the Pacific form lines that extend at 

right angles down the flanks of the East 
Pacific Rise; geologists long ago estab­
lished that these islands grow progres­
sively older with distance from the top 
of the rise. Unlike the rest of the con­
tinuous belt of mid-ocean ridges to 
which it is connected, the East Pacific 
Rise tends to run along the margins of 
the Pacific Ocean; it has rifted an older 
ocean apart rather than a continent. The 
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floor of the western Pacific is believed 
to be a remnant of that older floor. 

There are therefore enough connec­
tions to draw all the continents together, 
reversing the trends of motion indicated 
by the mid-ocean ridges and using the 
continental ends of pairs of lateral ridges 
as the means of matching the coast lines 
together. The ages of the islands and of 
the coastal formations suggest that about 
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AGE OF PACIFIC ISLANDS appears to increase with increasing 
distance from the mid-ocean ridge. This is compatible with the idea 
that the eastern half of the Pacific Ocean has been spreading from 
the East Pacific Rise (as has been suggested by Robert S. Dietz of 

the U.S. Navy Electronics Laboratory) . Broken colored lines repre­
sent faults; the associated arrows indicate the direction of hori­
zontal motion, where known, along the fault. Other arrows show 
the probable directions of convection flow. Island arcs of the kind 
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150 million years ago, in mid-Mesozoic 
time, all the continents were jOined in 
one land mass and that there was only 
one great ocean [see illustration 011 page 
97) . The supercontinent that emerges 
from this reconstruction is not the same 
as those proposed by Wegener, Du Toit 
and other geologists, although all have 
features in common. The widespread 
desert conditions of the mid-Mesozoic 
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represented by Japan develop where the 
forces associated with such flow are di· 
rectly opposed ; great horizontal faults, 
where these forces meet at right angles. 

may have been a consequence of the un­
usual circumstance that produced a 
single continent and a single ocean at 
that time. Since its approximate location 
with respect to latitude is known, along 
with the location of its major mountain 
systems, the climate in various regions 
might be reconstructed and compared 
with geological evidence. 

It is not suggested that this continent 
was primevaL That it was in fact as­
sembled from still older fragments is 
suggested by two junction lines: the an­
cient mountain chain of the Urals and 
the chain formed by the union of 
the Appalachian, Caledonian and Scan­
dinavian mountains may have been 
thrown up in the collisions of older con­
tinental blocks. Before that there had 
presumably been a long history of peri­
odic assembly and disassembly of con­
tinents and fracturing and spreading of 
ocean floors, as convection cells in the 
mantle proceeded to turn over in dif­
ferent configurations. At present it is 
impossible even to speculate about the 
details. 

Breakup of the Supercontinent 

If it can be assumed that the proposed 
Mesozoic continent did exist and spread 
apart, geology provides some guide to 
the history of its fragmentation. The 
present system of convection currents 
has apparently been constant in general 
configuration ever since the Mesozoic, 
but not all parts of it have been equally 
active all of that time. Shortly before the 
start of the Cretaceous period, about 
1 20 million years ago, the continent de­
veloped a rift that opened up to form the 
Atlantic Ocean. The rift spread more 
widely in the south, with the result that 
the continents must have rotated slightly 
about a fulcrum near the New Siberian 
Islands [see illustration on next page] . 
Soviet geologists have found that the 
compression and uplift that raised the 
Verkhoyansk Mountains across eastern 
Siberia began at about that time. To 
the south a continuation of the rifting 
separated Africa from Antarctica and 
spread diagonally across the Indian 
Ocean, opening the northeasterly rift. 
Africa and India were thus moved north­
ward, away from the still intact Aus­
tralian-Antarctic land mass. 

It seems reasonable to suggest, par­
ticularly from the geology of the Verk­
hoyansk Mountains and of Iceland, that 
at the start of Tertiary time, about 60 
million years ago, this convection sys­
tem became less active and that rifting 
started up elsewhere. A new rift opened 
up along the other, northwesterly, diag-

onal of the Indian Ocean, separating 
Africa from India and Australia and sepa­
rating Australia from Antarctica. With 
the collision of the Indian subcontinent 
against the southern shelf of the Asiatic 
land mass, the uplift of the Himalaya 
mountains began. The proposed succes­
sion of activity in the two main ridges 
of the Indian Ocean would explain why 
India has moved twice as far north 
with relation to Antarctica as Australia 
or Africa has and why the older north­
east ridge is now a somewhat indistinct 
feature of the ocean floor. The younger 
rift in the Indian Ocean seems to have 
extended along the East Pacific Rise 
and Cocos Ridge to cross the Caribbean. 
A branch also passed south of South 
America. As these median ridges have 
continued to widen they have been 
forced by this growth to migrate north­
ward, forming great shears or faults off 
the coast of Chile and through Califor­
nia. Indeed, a case can be made out for 
the idea that every mid-ocean ridge nor­
mally ends at a great fault or at a pivot 
point, as in the New Siberian Islands. 

A few million years ago activity in this 
system decreased, allowing the North 
and South American continents to be 
joined by the Isthmus of Panama. The 
Atlantic rift now became more active 
again, producing renewed uplift in the 
Verkhoyansk Mountains and active vol­
canoes in Iceland and the five other still 
active volcanic islands down the Atlan­
tic. Again the pattern of rifting in the 
Indian Ocean was altered. The distribu­
tion of recent earthquakes shows that 
the greatest activity extends along the 
western half of each diagonal ridge 
from the South Atlantic to the entrance 
ohhe Red Sea and thence by two arms 
along the rift valley of the Jordan River 
and through the African rift valleys, 
where the breakup of a continent has 
apparently begun. 

The presently expanding rifts run 
mostly north and south or northeasterly 
so that dominant easterly and westerly 
compression of the outer crust is ab­
sorbed by overthrusting and sinking of 
the crust along the eastern and western 
sides of the "ring of fire" around the 
Pacific. For this reason East Asia, 
Oceania and the Andes are the most 
active regions of the world. The west­
ward-driving pressure of the South At­
lantic portion of the Mid-Atlantic Ridge 
has forced the continental block of 
South America against and over the 
downward-plunging oceanic trench 
along its Pacific coast. The northwest­
trending currents below the Pacific floor 
have pulled down trenches under the 
eight island arcs around the western 
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and northern Pacific from the Philip­
pines north to the Aleutians. Even at 
the surface of the Pacific, the direction 
of the subcrustal movement is indicated 
by the strike of several parallel chains 
of volcanic islands, such as the Hawai­
ians, which may be thought to have risen 
like bubbles in a stream from the slower 
moving deep interior [see lower illustra­
tion all page 93] . These chains run paral­
lel with the seismically active shearing 
faults that border each side of the Pa­
cific, along the coast of North America 

C 

and from Samoa to the Philippines. 
The compression exerted by the mid­
ocean ridge through the southern seas 
is absorbed, with less seismic activity, 
along a line from New Zealand, through 
Indonesia and the Himalaya highlands 
to the European Alps. In all cases, the 
m1gle at which the loci of deep-focus 
earthquakes dip into the earth seems to 
follow the direction of subsurface flow­
eastward and downward, for example 
under the Pacific coast of South Amer­
ica; westward and downward under the 
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island arcs on the opposite side of the 
Pacific. 

The theory I have outlined may be 
highly speculative, but it is indicative 
of current trends in thought about the 
earth's behavior. The older theories of 
the earth's history and behavior have 
proved inadequate to meet the new find­
ings, particularly those from studies of 
terrestrial magnetism and oceanography. 
In favor of the specific details suggested 
here is the fact that they fit observations 
and are precise enough to be tested. 

RIFTING OF SUPERCONTINENT to form the Atlantic Ocean 
could have produced the Verkhoyansk Mountains in eastern 
Siberia. As shown on this map of the Arctic, the rift spread more 
widely to the south. The opening of the Atlantic Ocean and Baffin 

Bay separated Greenland from both North America and Europe. 
The continents were rotated slightly about a fulcrum near the New 
Siberian Islands. The resulting compression and uplift would 
create a mountain range. Opposing arrows mark tbe Wegener Fault. 
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mile mark. 

SAAB FRONT WH EEL DRIVE transmits 
engine torque directly to front wheels. 
The result is extraordinary directional 
stability and handling ease under all 
road conditions, plus outstanding trac­
tion around corners, over icy, wet, or 
muddy patches, and snow. Front wheel 
drive and carefully calculated under­
steering provide best possible high 
speed roadability and safety. Other ad­
vantages : more comfort (because there 
is no driveshaft hump) and more trunk 
and interior space. 

SAAB BODY SH ELL is designed and 
wind tunnel tested for best possible 
aerodynamic efficiency. Full belly pan 
further reduces wind resistance and 
subdues road noise. Result : increased 
economy, better performance, excel­
lent stability-even in cross-winds of 
gale force. Moreover, the SAAB body 
shell is virtually uncrushable, com­
bining 1 S- to 2 0-gauge steel (thicker 
than most American cars) and rigid 
u nitized construction for optimum 
safety. 

1 sl  O V E R A L L  W I N N E R-MONTE CARLO RALLY,  1 9 62 - 1 9 6 3  

Arra nge a test drive at your  nearest SAAB dea ler. 
Or write for more i nformatio n - a n d  the SAAB North 
American Road Atl as,  a 64-page co m prehen sive travel 
g u i d e  va l u e d  at $1.00, but yours for o n ly 25¢ to cover 
postage and h a n d l i n g .  SAAB Motors, I n c. ,  Dept. 1 04 .  
4 0 5  P a r k  Ave n u e ,  N e w  York, N e w  York. 

$1895 P.O .E .  (little enough for one of the world's best engineered cars) 

S A A B M OTO R S ,  I N C. - N E W  YO R K  • N EW H AV E N  • JAC K S O N V I L L E  • ST. LO U I S  

1 0 1  

, 
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Acce lerators, L i near , cce lerometers , c raft e lectron ics , D ro p  p a b l e  beacons ' D ro p p  La n d i n g  v e h i c l e s ,  L u n a r ' Large-scale g e n e '  
c d etect i o n  devices ' Ad a pter cab les ' Aero log ic  a b l e  i ntel l i g e n ce senso  rs , D r u m  m e m o ry d evi c o m p uters ' Lasers , Lau n c h  cootro l ,  
a l  d ata transfer a n d  d i s p  l a y  e q u i p ment , Aerosp ces ' Dru m - p ro g ra m m e  d test e q u i p ment , Echo i m iss i l e , L-C f i l te rs ' Lenses ' L ight  beam , 
ace vehtc les  , A I C B M  d e  fense e q u i p ment , A i r  d ra n g i n g  sonar ' E c h o  s o u n d i n g  sonar ' E d g e b  , L i near  a m p l i f i e rs ' L i q u i d  p ro p u ls ion  system� 
ata c o m p u te rs , Air defe nse systems,  I n f ra red ' A oard pr i nted c i rc u i t  con n ectors , E d u cati ona l  a i d  transfer syste ms ' Logist ic i n formation p roc 
ir defense wea pons , A i r  traff i c  control , Ai r'A i r  i d s ,  V I D EOSO N IC* , E I  astom e rs , E l ectr ical  e q u i p ment , Log ist ic  l u na r  and p l a n etary systen 
rad i o  com m u n i cati o n  eq u i p ment , A i rc raft i nstru o p u ls ion  syste ms ' Elec trodes,  We l d i n g ' n g - ra n g e  nav igat ion syste ms ' Low-a lt itu d e  a i r  d 
m e nts , A i r,Gro u n d  o p e  rat i n g  consoles ' A i r,Sp  romag net ic  e q u i p ment  E l ectromecha n i ca l  Low-fre q u e ncy e q u i p ment , Mach i n e  too l  contr  
ace borne s u rvei l l a n c e  c ontro l  systems , Ai r-to- ces , E l ectron t u bes , E lectro n i c  e q u i p  puters , Mac h i n e  tool contro ls , Mag net ic  dev ic,  
a i r  i d e nt i f i catio n  system s ' Ai r-to-a i r  m i ss i l es , A e n e ral  categories) , E l e  ctro n i c  systems ' E I  g n et ic  mate r ia ls  Mai  e q u i pm e n t , M, 
i r-to-a i r search rad a r ' A i r- to- g ro u n d  ra n g i n g  rad o-opt ica l  data h a n d l i n g  e q u i p ment , E I  n e e  h a n d books ' u l ators,  Re mote 
a r  , A i r-to -su rface m iss i  les , Ana log devices , A ica l  d evices,  M i s s i l e ' E x p e ri m e ntal com m u  l i n g ' M a n i p u  d e rwater , M a n ,  
n o m a l y  d etectors, Mag n et i c  , Antennas , Ant i - t ions  sate l l ites syste ms E x p e r i m e ntal sate l  i perso n i c  s pace s , Map d i s p l ay� 
jam e q u i p ment , Ant i -sa te l l ite defense e q u i p m e  F- 1 04 test e q u i p ment , F a c i l i t ies serv ices , ment , M a p p i n g  as ' M a p p i n g  ra, 
nt , A p p roach v is i b i l i ty e q u i p ment  , A rt i l l e ry tac i m i l e  e q u i pment  cou p l i  n g  u n its ' Facsi m i l e  a r i n e  e q u i p m ent , Ma ker beacons ' tv 
t ica l  com bat e q u i pment  ASW e q u i pment , A u d i o  g h -s peed p r i n t i n g  a n d  s can n i n g , Feed  horn  m p l i f i e rs ' Masers ' Ma ter ia ls ,  N o n - m el< 
test fac i l i t ies ' A u d i o-v is  ua l  systems , Bac kwa rd- s e m b l ies ,  Rotat i n g , Fe ed syste ms ,  Antenna  echan i cal  asse m b l i es ,  O pt ica l  p rod u ct· 
wave osc i l l ators , Ba l l i s  t i c  miss i le  d ecoys , B a l  eeds ' Ferrite compone nts  a n d  dev i ces , d ium f re q u e n cy e q u i p  ment  Med i u m - ,  
l i st i c  m i ss i l e  syste ms ' B a n d  reject i o n  crystal f i l  e parametr ic a m p l i f i e rs Ferrous mate r ia ls , ontro l  a n d  g u i d ance sy 
ters , Band pass crystal f i l ters , Benches ,  Test , B io i nstru e r  ante n n as , Fi lter c i rc u its testers , Fi l ters ste ms , M e mo-Cord e r  * 
me ntat ion packages , Boost i nterce pt bal l i st ic m iss i l e  sys control e q u i p m ent , F i re d etect ion  storage u n its ' Memory 
tems , Bou l es , B r i d g e  consoles (sh i p  control) , B road b a n d  x i b l e  waveg u i des ' F l i g ht control , , tn,m,t le . h eads,  Mag net ic M E  
m i c rowave ante n n as , B u oys, U n d e rwater so u n d  sou rce safety e q u i p ment Foam p lastics ' MO-SCOPE" , M 
B u s i ness t ra i n i n g  p ro g rams,  V I DEOSO N I C *  , Cab le ,  CON meta l  pr i nted c i r  c u i t  c o n n ectors , Fuzes systems ' Meteoro l o g i c  
T O U R *  , Cal i b rat ion sets , CapaCitor s i l icon d i o d es , C a r g o  _ " e m ,,," l i near  e l ectron acce l e rators , Gates ,G a l  sate l l ites ' Meters I M 
veh ic les e l ectro n i c  syste ms ' Cartr i d g e  rect i f ie rs ' Cathode ing  systems ' Ge a r  boxes ,  Prec is ion  I Ge i c ro m i n iatu re d i g ital  co 
ray p rocess i n g  e q u i p ment i n d i cators I Cathode ray tu bes p u rpose c o m p ute rs , Germa n i u m  cast i n g  lay rece ptac le  con n ect 
C - b a n d  backward -wave osc i l l ators , C-band  forwa rd -wave um d etectors Germa n i u m  d i odes ' Gr M I C ROSEAL * t rans isto 
a m p l i f ie rs ' Celest ial  g u i d ance u n its , Celest ia l  nav igat ion m a p p i n g  radar ' G rou n d  rad ar ' G rou n d  s c o u rse i ntercept bal l i st 
systems , Cera m i c  d i e l ectr ic mate r ia ls , Cera m i c  p ro d u cts u p port e q u i p ment , G ro u n d  t rans portat ion  e q u  co m m u n i cation sate l l i t  
Cera m i c  rect i f iers D04- D05 , Character d is p lay e q u i p ment  i p ment , G u i d ance u n its and syste ms ' G u i d e d  m d l i n g  e q u i p m ent , M i l i t  
C heckout e q u i p me n t , C h o p pers,  Sol i d  state , C i rc u i t  bo iss i les , Harness,  Cab le  Harnesses,  W i r i n g , H a  ste ms , M i n iatu re p res 
ards , C i rc u l a r  c o n n ectors , C i rc u lators, M i c rowave , C los rd -t u b e  mod u l ators I H e i g h t  f i n d i n g  rad a r ' H rors, I n f rared ' Miss  d i s  
e d - loop rad ar  test sets , Coaxia l  cab les , Coa

-
x ia l  c i rc u l a  e rmetic con n ectors , H i g h - e n e rg y  lasers ' H i g  iss i l e  u n its,  syste ms a n  

tors , Coders ' Coherent  m o b i l e  target i n d i cator , Co l l i s ion  h -vac u u m  p u m ps I H ig  h-voltage cart r i d g e  rect M i ss ion contro l ,  Space 
warn i n g  a n d  avo i d a n c e  systems , Colored d i s p l  i f i ers , H i g h -voltage co n n ectors , H i g h -voltage i le  e q u i p m ent , MOBO 
ay e q u i p ment , Com bat i n format ion  center  cons powe r s u p p l ies ' Hit i n  d i cators, Radar ' H o m i  f i cat ion  kits ' 
o les , Com bat su rvei l l a n  ce e q u i p m e nt , C o m m a  n g  dev i ces , H o r i z o n  s c  a n n e rs , H o ri zontal  d i s  t ion  syste m ' 
nd a n d  data h a n d l i n g  eq u i p ment , Com m a n d  a n  p lay  e q u i p ment , H ot a nd c o l d  gas control  sys d i cators , Movi n g  
d i nt e l l i g e n c e  i n formatio n p rocess i n g  e q u i p ment tems , H u m i d ity measu ri n g  dev ices , Hyd rofo i l  e rs ,  D i g ital , M u lti  
Command systems,  Sat e l l i te , Commerc ia l  com s h i p  control , Hyperbo l i  s h o rt ra n g e  nav igat ion  i p ment , M u lt i p l e- base 

a l  e q u i p ment , Meteo 
i c ro m i n iatu re c o n nec· 
m p uters , M i c rom i n i s  
o rs , M I C ROSEAL * 
rs I M i c rowave dev icE  
i c  m iss i l e  systems , I  
e systems ' M i l itary d ,  
a ry i n formation com p 
s u re f i tt i n g s ' M i n i b u <  

i n d i cato rs , Mis :  
ated items , � 

veh ic les ' M i xe r< 
T* M a n i p u lators 
t i m e  sta n d ards ,  

m u n i cat ions sate l l ites s , Com m u n i catio systems ' Hyperson ic  s systems , I C B M  s second switc h i n g  s i l i c o  
ns  systems a n d  e q u i p m  , Comparato rs,  S o l i  u rvei l l a n ce ,  I n f rared , I  e q u i pment  , I F F  cal  data systems ' Navi  gat ion syste ms 
d state , Comp uter- p rog med test e q u i pment  navi gat ion systems , I mage t u b e  i n f rared sens i t i ve  e l e m  u i pment  , N e utron l i near  e l ectron acce lerators 
Comp uters and systems r m a p p i n g  rad a r  e n t s  , I n d i cators , I n d i u m  ant i m o n i d e  detectors , I n d u s  g e n e rators , N o n -ferrous metals , N o n - i nert ia l  g L  
Cou ntermeasu res eq u i p  , Cou nters, D i g ital tr ial  automatic controls ' I n d u str ia l  p rocess controls , I n  syste ms ' N o n - metal l i c  mate r ia ls , N P N  t rans istc 
Cou nters,  Pu lse  v i d eo , C n i c  devices , Cryo d u str ia l  systems ,  V I D EOSO N IC* , I n d u str ia l  t ra i n i n g  p ro c l ear e n v i ron ment  h a n d l e rs ' N u c lear  powered , 
stats . ,  Cry ptog ra p hers syste ms , Delay rams ,  VI DEOSO N IC* I I n ert i a l  g u i d a n c e  u n its , I n e rt ia l  p ro p u ls ion , N u m er ica l  contro ls , Oceanograph 
l i nes , Depth contro l  eq for s u b ma r i n es syste ms ' I n fantry tactical weapons ' I n f rared u m e ntat i o n ,  Sonar ' Offe nse wea pons ' Offens i ,  
Detection  dev ices  a n d  s , D ie l ectr ic a m p  d e q u i p m ent ' I n f rared syste ms ' I nstru me nta ms,  S pace v e h i c l e ' O m n i d i rect iona l  antennas , 
l i f i ers , D i fferent ia l  a m p  D ig i t i zers ,  Voice rators , I ntel l i g e n c e  systems , I nterceptor u i pment  , Orbit i n g  ve h i c l es ' Osc i l l ator tu bes 
Di rect readout d i s p lay e , D i rect-v iewi ms , I nte rva lometer c o m p uters , J rs , Osc i l l oscopes I Packag i n g ,  S pace env i  
n g  sto rage tu bes , Dom c ryostats , Keyers I K u - ba n d  

. . 
Panora m i c  i n d i cators , Panora m i c  tY r  

detectors , D o p p l e r  n a v i  osc i l l ators , Lan d i n g  systems, , Parabo l ic  ref lector antennas , p, 
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metr ic a m p l i f i e rs / e d etect ion devi ces,  I nfra 
red / Pe l t ier  t h e rmoel  i c  coo lers / Penetrat ion  a 
id m iss i l es / Perso n n e l  tect ion devices / Person 
n e l  trai n i n g  / Phase a n d  m p l it u d e  control  e q u i p m  
ent  / Phase converters / hase matc h i n g  short ran 
o e  nav igat ion syste ms / hase meas u r i n g  a m p l i f i e  
rs / Phase scan rad a r  / hase s h i fters, M i c rowave 
Phased a rray Photo c e l l  i n f rared sens i  
t ive e l e m e nts I d u ct ive mate r ia ls  / Photo 
g ra p h i c  d i s p l ay eq , nt / Photog ra p h i c  storag 
e and retr ieval / P i n  ctors, Conn ectors / P i n c  
u s h i o n  rad a r  / P i t c h  a n d  0 1 1  automatic p i l ot contro 
I e q u i p ment  / P lanetary a n d i n g  veh ic les / P lastic 
s / P lott i n g  e q u i p ment  / NP transistors / Pods,  A i  
rc raft / Po lari z i  tors / Polyc rystal l i n e s i l i c  
o n  cast i n g s  I P o  nsmitti n g /rece i v i n g  e q u i  
p m e n t  / Posit i o n  i n d i  r s ,  A i rc raft I Powe r sou rc 
es, Sma l l / Power s / P rea m p l i f i e rs / Precis 
ion  gear  boxes / P reci  n wel d i n g  e q u i p m ent / Pr 
ess u ri zation  tElst sets / i c i rc u i t  boards / Pr i nted c i rc u  
it c o n n ectors / P r i s m s  I P robes,  S pace / P rocess i n g  e q u i p  
m e n t  / P rod uct ion a i d  dev ices,  V I D EOSO N I C '  / Project ion  
e q u i p ment / Propu ls ion  syste ms / P u l se a p p l i cat ion  osc i l l o  
scopes I P u l se D o p p l e r  radar / P u l se form i n g  networks / P u  
Ise mod u l ators test e q u i pment  / Pyrotec h n i c  l a u n c hers / Q 
u a rtz c rysta ls  / Q u i ck-d isco n n ect c i rc u l a r  conn ectors / Ra 
cks ,  A i rcraft mai ntenance  / Radar compone nts a n d  syste ms 
Rad iat ion  dos i met ry devices / Rad iat ion fac i l i t ies / Rad io  
com m u n i cation e q u i p m ent / Rad io  receivers I Rad iograph 
i c  i n s pecti on  l i near  e l ectron acce l e rato rs / Rad iometers / R 
adomes / Reactors, E lectromagnet ic  / Receivers / Reco n n  
a issance e q u i p m ent a n d  systems / Recorders / Record i n g  
syste ms Aerospace i nstru m e ntat ion  / Rectan g u la r  connec 
tors  / Rect i f ie rs / Re-entry v e h i c l es power  systems / Re lay  
syste ms / Re lays ,  So l i d  state / R e l i a b i l ity dev ices test e q u i p  
m e n t  / Remote control  e q  u i pment  / Remote han d l i  
n g  e q u i p m ent / R e n d ezv ous syste ms / Res i n  d i e l e  
ctr ic mate r ia ls  / Retr ieval e q u i p m e nt ,  Data h a n d l i n  
g / R F  a m p l i f i ers / Rocket motors, Spec ia l / Roc ket-
assist torpedoes / Roc ket s (Ai r-to-a i r  m iss i l es) / Ro 
c kets, U n d e rwate r / Ro l l  a n d  p i tch  automatic p i lot 
control e q u i p ment  / Rota t i n g  feed horn asse m b l i e  

/ Rovi n g  v e h i c l es a n d  m a n i p u lators, Remote / Sa 
e q u i p ment ,  F l i g ht / S ate l l ite-trac k i n g  ante n n a  

R a d a r  Sate l l ites a n d  a ssoc iated items / S-tland 
-wave osci l l ator s / S-band feeds / S -band  

forwa rd -wave a m p l i f i e rs Sealants / Search control  
rad a r  / Searc h - resc u e  eq u i pment  / Search -track s 

I n frared / Seeker heads,  I n f rared / Se ismic  
i ntel l i g ence sensors / Se m icon d u ctor asse m b l ies 
Semicon d u ctors / Sensit i  ve e lem ents,  I n frared / Se 
nS it i vity c h eckers / Senso rs / Se rvo a m p l i f i e rs / Se 
rvo asse m b l ies / Se rvos S h e l l s ,  C o n n ector / S H F  

n i cations  e q u i p m  e n t  d i rection f i n d e rs / SH 

F d i rect iona l  a n d  o m n i d i rect iona l  antennas  
S h i e l d s ,  Con n ector / Sh ip  a n d  mar ine  e q u i  
p m e nt / S h i p p i n g  cases, M iss i l e  / S h o ra n  / S 
hort- ra n g e  navigat ion syste ms / S h o rt - ra n g e  
prec is ion  rad a r  / S ig hts, C o m p u t i n g  / S i g n a  
I ana lyzers / S i g n a l  d ata converters / S i g n a l  
g e n e rators / S i g n a l  p rocessors / S i l i c o n  d i o  
d e s  / S i l i con  rect i f iers / S i l i con  trans isto rs 
S i n g l e  s i d e b a n d  c rystal f i lters / S i n g l e  s i d e  
b a n d  rad i o  com m u n i cati o n  receivers / S i tua 
t ion  d i sp lay  u n its / So lar  ce l ls  
ed  p ro p u l s i o n  u n its / So l i  
d p ro p u l s i o n  systems / S 
o l i d  state dev i ces / Sou n 
d e q u i p m e nt,  U n d e rwate 
r / Space v e h i c l e  compon 
ents  a n d  syste ms / S pace 
veh ic les / Spaceborne ra 
d i o m eters / Spaceborne 
s u rvei l lance  systems / S p  
ace-to-space i ntercept sate l l ite defense sys 
tems / Space-to-space m i ss i l es / S pectro p h  
oto meter c e l l s  / Sta b i l i ty a u g menters ,  A i  
a f t  / Sta b i l i zation  components, M iss i le / Sta 
b i l i zat ion data g e n e rator test sets / Star tra 
cker  d i s p l ay e q u i p m ent / Sta r trackers / 
i l i zat ion l i near  e l ectron acce lerators / Stora 
g e  tu bes / Strate g i c  offe nse wea pons / S u b  
asse m b l ies ,  Radar / S u b m a r i n e  A S W  eq u i p  
ment  / S u b m i n iatu re mod u l e  asse m b l ies / S 
u rv e i l l a n c e  e q u i p ment / Su rvivor locat ion  te 
c h n i q ues ,  A i r  t raff ic control  Switc h boards,  
Ship / Switches,  M i c rowave Switc h i  dev  
ices ,  Com m u n i cations  / 
wave / Synthet ic a rray s i  
g na l  p rocessi n g  rad a r  / S 
ystem test consoles / Tac 
t ica l  eq u i p m ent and syst 
ems / Tape cable connec 
tors / Tape contro l s ,  I n d u  
str ial  automation / Tape 
record e rs / Tape- p ro g ra 
m med test eq u i p ment / T 
eac h i n g  a i d  devices,  V I D EOSONIC' / Tech 
n i ca l  m a n u a l s  / Te le mete r i n g  e q u i p ment  / T 
e m p e ratu re measu r i n g  dev i ces / T e r m i n a l  
b o a r d s  / Termina l  e q u i p ment / T e r m i n a l  i n  
tercept b a l l i st ic  m iss i le  systems / Te rrai n 
avoi dance  g u i d ance systems / Terra i n  avo 
i d a n c e  i n st r u m e nts, A i rc raft / T e r ra i n  avoi 
dance rad a r  / Test e q u i p ment / Test sets 
Test i n g  i nfrared mate r ia ls  / T h ermal  desi g n  
a n d  contro l ,  Aerospace veh ic les / T h e rmal  
homing d evices,  M iss i l e  / T h e rmoelectr ic 

Pe l t ier  / T h e rmop lastics / T h e� 
p l astics / 3-D rad a r  / T h y ratron 

ma,a u , al,ors / T i m e  de lay  rad a r  / T i m e  sta n dards 
d i v i d e rs / T i m i n g  syste ms,  Miss i l e  / TO 

"n,T on ., ' tu bes / Tool control  com p uters, Mach 
ine / Tool k i ts  / Torpedoes / T racki n g  a n d  target 
ana lys is  comp uters / T rac k i n g  comp uters / T rack 
ing e q u i p ment  / T racki n g  feeds,  M i c rowave / T rac 
king loop test sets / T racki n g  stat ions ,  Sate l l ite 
T rai n i n g  aid devices,  V I D EOSO N IC' / T rai n i n g  a i d s  
T rajectory comp uter s / T rajectory measu 
r ing devices,  M iss i le  Transceivers / T rans  
d u ce rs,  Com p uter / T ransformers / Trans 
i stors / Transmiss ion l i nes,  Ante n n a  / T ra 
nsmit  e q u i p ment  rec 
s/Receive rs / Transp 
onder beacons / Tra 
nsponders / Transpo 
rt veh ic les e lectro n i c  syste ms I 
t ransmitt i n g /rece iv ing  e q u i p m e nt / T ". n <,M'Io, 
ion e q u i p me nt, G ro u n d  / Trave l i n g -wave 
tric a m p l i f iers / T rave l i n g - wave tu bes / T u b e  
arch / T u bes a n d  tube  devices / T u n ne l  d iode pa 
rametric a m p l i f iers / T u n n e l  d iodes / Twin  jack 

po lari z i n g  connectors I Twin  p i vot pr i nted 
c o n nectors / TYPOTRON® Tu bes / U H F  

I U m b i l ical  c o n nectors / U n d e rsea 
ment U n d e rwater e q u i p ment  

Vac u u m  gauge a n d  
control tu bes I Vacu 
um meas u r i n g  e q u i  
p m e nt I Vac u u m  t u b  

e test e q u i pment  / V , Te lemetry / Va 
r iab le  d e pth towi n g  s nar  / Veh ic le  contr 
01  / Vehic le e l ectro n i  c syste ms I Veh ic le  
f l i g ht contro l ,  Autom atic I Vessel posit ion 
ing systems,  Dynam i c  / VHF e q u i pment  
V ideo cou nters, P u i s  V ideo i n d icators 
V ideo transm iss ion s / V I D EOSON 
IC' systems / Viewer / Viewi n g  
systems, Remote / V I Voice com 
p ressors I Voice d i g i  i zers / Voltage regu 
lator  d iodes / Voltmeter osc i l l oscopes, D i g ital / V  
oltmeters / Warheads / Warn i n g  e q u i p ment ,  U n d  
e rwate r / Waveg u i d e  components / Waveg u i d e  
c o u p l i n g  u n its / Waveg u i des,  F lex i b l e  I Weapon 
s ,  Air  defense I Weapons,  Strateg i c  offe nse / W 
eather  i nte l l i gence syste ms I Wel d i n g  e q u i p ment  
Wel d i n g  heads I Wideband  sca n n i n g  feed sys 

Ante n n a  / W i re com m u n ications I W i re re 
stat ions ,  M o b i l e  I W i r i n g  asse m b l ies�w 

networks I X-band backward-wave os 
X-band beacons,  Tactical / X-band  

rnr'N",-a-\Na\l� a m p l i f iers / Zener  Diodes 

· T rademark Hughes A i rcraft Company 

a new world with electronics 
h ese 553 asp ects of H u g h es 
3. b i l i ty cover t h e  s p ectru m of 

Over  29,000 peop l e ,  i n c l u d i n g 5 ,300 
e n g i n ee rs a n d  s c i e n t i sts,  are 

Engineers and scientists w i th i nte rest 
i n  any of the a b ov e  a reas are i n v ited 

lnced e l ectro n i cs _  From acc e l e rators 
3 n e r  d i od es ,  From 
roe l ectro n i c s  to rad a r  for  
N av y ' s  carr i e r  E nte r p r i s e _  From the 
3. n s '  d e pths to deep space,  

3 re i s  b readth in  d epth , 
earch p rog ram s  to p ro b e  t h e  
J re o f  m atte r ,  Deve l o p m e n t  
v i t i es t o  t u rn n ew knowl e d g e  

u s efu l paths ,  P rod u ct i v e  
ac i ty to b u i l d  d e p e n d a b l e  h ardware_  
p o rt s e rv i ces to keep 
;e systems and p rod u cts 
k i n g  d e p e n d a b l y , 

tod ay at work at H u g hes _  
Work i n g  for  N ASA in  space ,  for  t h e  
a r m e d  s e rv i ces i n  t h e  m a i nte n a n c e  of 
free w o r l d  d efense a n d  
f o r  a l l  o f  u s  i n  t h e  b ette r m e n t  
o f  h u m a n  l i fe-they are h e l p i n g  
to c reate a new wor l d 
w i t h  e l ectro n i cs _  

C reat i n g  a n e w  w o r l d  w i th  e l e ctro n i cs r - - - - - - - - - - - - - - - - - - - - - - - - - l 
I 
I 

! H U G H E S 
I 
I I 
l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ � 

H U G H E S  A I R C R A F T C O M P A N Y  

t o  i n q u i re i nto t h e  o p po rtu n i t i es a t  
H u g h es _  N u m e ro u s  o p e n i n g s  now ex i st. 
N ew o p p o rtu n i t i es at a l l l ev e l s  w i l l  be 
c reated with f u rt h e r  p rog ram exp a n s i o n ,  
Q u a l i f i cat i o n s  i n c l u d e : U , S _  
C i t i z e n s h i p ,  a B _ S _ ,  M , S "  o r  P h _  D _  
d eg ree from an acc red i ted u n i v e rs i ty ,  
H u g h es i s  a n  e q u a l  o p p o rtu n i ty 
e m p l oyer ,  

For prompt attention p l ease a d d ress : 
M r_ S _  L, G i l l es p i e , M a n a g e r ,  
E m p l oy m e n t  & M a n power ,  H u g h es 
A i rc raft C o m p a n y ,  C u l v e r  C i ty 2 0 ,  
C a l iforn i a ,  

1 03 

© 1963 SCIENTIFIC AMERICAN, INC



The Aging of Collagen 
S£mple 

of the 

tests of th£s prote£n prov£cle object£ve lneaSllrel1Wl7 ts 

age, as dist£nct frOln the calendar age, 

of an anhnal. They also clar�fy the lnoleclllar bas£s of ag£ng 

b£olog£cal 

T he process of aging-the progres­
sive decline in all the vital capaci­
ties of the organism that terminates 

i n  death-goes on at different rates in 
animals of different species and in dif­
ferent individuals of the same species. 
At 16 months the laboratory white rat 
has already lost sexual competence, and 
by 24 months half of the members of a 
colonv have died. Some people appear 
"old" beyond their years and others re­
main "younger" than their age. It is clear 
that the advance of age cannot be meas­
ured by chronology alone. Investigators 
no longer suppose that the inactivity of 
any one organ, such as the pituitary 
gland or the sex glands, determines the 
duration of life for the organism as a 
whole. On the contrary, they seek clues 
to the underlying process in changes that 
proceed continuously throughout the 
body in the molecular constituents of 
its tissues. The work in my laboratory at 
the Institute for Experimental Gerontol­
ogy in Basel, Switzerland, has recently 
centered on coHagen, the protein that 
constitutes 40 per cent of all the protein 
in the body. Samples of the material, 
subjected to a simple mechanical or 
chemical test, reveal that the collagen 
accumulates changes in its molecular 
structure that affect its integrity and 
function. The aging of the collagen, as 
measured by these tests, may now pro­
vide an objective index for determining 
the "biological age," as distinguished 
from the "calendar age," of men and 
other animals. 

In subjective terms one can say that 
this aging of the collagen is not unre­
lated to the stiffness of joints and leather­
iness of skin suffered by and observed 
in the elderly. Collagen supplies the 
matrix in which the calcium salts that 
give the bones their hardness are de­
posited. Collagen is the substance of 
cartilage and tendon ; it fills up the 
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spaces between muscle fibers and be­
tween the cells of many organs, serving 
as the stabilizing fiber of connective tis­
sue. In the skin a thick matting of col­
lagen fibers forms the "corium" that gives 
the skin its toughness and plasticity. 
This corium l ayer in the hide of animals 
becomes the substance of leather after 
tanning. It is 110 accident that the in­
vestigations of leather chemists have 
made significant contributions to geron­
tology, the science of the aging process. 

Once the fibers of collagen are laid 
down in the body they cannot be re­
newed. Studies using substances labeled 
with radioactive atoms show that the 
collagen molecules in the tendons of a 
rat, for example, take no further part in 
the metabolism of the animal after the 

tendons have matured. The lon g chains 
of amino acid units that make up col­
lagen are synthesized in the fibroblast 
cells of the connective tissue; the chains 
consist to the extent of about a third of 
the amino acids proline and glvcine in 
the ratio of about two to one.  Extruded 
from the cells into the "ground sL:b­
stance" of the connective tissue (made 
up chiefly of mucopolysaccharieles anel 
mucoproteins ) ,  the primarv precollagen 
chains undergo a unique transformation . 
The proline is partly transformed to 
hydroxyproline by the attachment of a 
hydroxvl (OH ) side group. These side 
groups play an important part in  the 
next step in the maturation of collagen, 
in  which the chain assumes the configu­
ration of the left-handed alpha helix, 

RAT TENDON FIBERS magnified 55 diameters appear at various stages of contraction 

in the five photomicrographs on these two pages. A normal fiber in water at 25 degrees 
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found universally in proteins, and coils 
with two other such chains to form a 
right-handed triple helix. Many such 
"tropocollagen" molecules now join end 
to end and coil one around the other to 
form the typical collagen fibril. 

I n electron micrographs all the collagen 
fibers of the body show a rhythmical­

ly repetitive pattern of striation.  This is 
a reflection of the high degree of order 
with which the tropocollagen molecules 
are built up from their constituents. 
From every 10 triple helices a superhelix 
is formed and, as in the spinning of a 
cable, the pattern is repeated until the 
basic helical structure attains micro­
scopic visibility. Thus even under low 
magnification in the light microscope 
one can discern a beautifully regular 
helical pattern: the continuation into 
microscopic dimensions of the helical 
structure of the tropocollagen Rlaments. 

This structure develops its ultimate 
mechanical properties on the macro­
scopic scale in the tendons of the body. 
The function of the tendons is to transfer 
muscular contractions across the articu­
lations of the joints. The collagen fibers 
of the tendons must be inelastic if they 
are to transfer these contractions with 
the precision of the commands issued by 
the nervous system-as in the finger 
movements of an expert pianist. Such 
precision requires that the tendons 
stretch no more than .01 millimeter at 
each contraction of the muscles. The 
collagen fiber is, in  fact, so inelastic that 

a weight 10,000 times its own weight 
will not stretch it. 

Every cook knows that the tendons 
that attach meat to bone shrink when 
they are immersed in hot water. Anato­
mists first took note of this fact about 100 
years ago, and physiologists described 
the phenomenon in detail some 50 years 
later. It came vividly to my mind when, 
about 10 years ago, I became interested 
in the aging of collagen as a possible 
index of the aging of the body as a 
whole. Some preliminary experiments 
with skin showed that its shrinkage upon 
being heated might be related to changes 
that come with age. Because the collagen 
fibers in the corium are randomly ori­
ented I decided that a single tendon 
fiber, with its collagen fibers and fibrils 
all uniformly aligned in one direction, 
would make a better subject for such 
tests. Tendons of just the right size-l0 
centimeters long and .015 centimeter in 
diameter-are provided by the tail of the 
laboratory rat; these tendons are so ex­
tremely fine and strong that surgeons 
once used them as sutures for small-scale 
operations on the eye. From a single tail 
one can dissect several fibers of the same 
diameter for comparative and control 
experiments. With these fibers as our 
experimental subjects we set out to de­
termine if collagen of different age 
would show differences in the force with 
which it contracts when it  is heated . 

In our first experiment we immersed 
four equal lengths of tendon, taken from 
a five-month-old rat, in a neutral salt 

solution; the fibers were stretched taut 
with weights of .1 gram, one, two 
and three grams respectively suspended 
from them. When the water bath was 
heated to 60 degrees centigrade ( 140 
degrees Fahrenheit ) ,  the fiber with the 
.1-gram weight contracted to 25 per cent 
of its original length ; upon being heated 
further, the fiber with the one-gram 
weight proceeded to shrink;  at a still 
higher temperature, the third fiber con­
tracted to about 25 per cent of its length 
against the pull of the two-gram weight. 
The fiber with the three-gram weight 
did not contract even when the tempera­
ture was raised to 65 degrees C. , at 
which point the fiber broke. 

When we repeated this experiment 
with fibers of the same dimensions and 
weight taken from the tail of a relatively 
senile 30-month-old rat, we found that 
the inhibiting weight-the weight against 
which the tendon could not contract at 
maximum temperature before breaking­
was 10 grams .  In general we found that 
the older the rat, the greater the weight 
required to inhibit contraction complete­
ly. The experimental results showed a 
certain amount of scatter. As we per­
fected our technique, however, and 
learned to conduct our experiments with 
more nearly uniform material and under 
more accurately controlled conditions, 
we obtained more consistent results [see 
top illustration on page 108]. 

The varying force of "isotonic" con­
traction thus grossly measured could be 
taken as being an expression of tension 

centigrade (left) hegins to contract at 58 degrees C. (second from 
left). The contraction continues to completion (right) at a rate de· 

pendent on the temperature. The micrographs were made hy Harry 

R. Elden of the Howard Hughes Medical Institute in Miami, Fla. 
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liberated in the collagen fiber by heat­
ing. We accordingly undertook to meas­
ure the tension directly by an arrange­
ment that allowed no shortening of the 
fiber and that transferred the tension to 
a strain gauge or similar arrangement. 
This "isometric" contraction of the fiber 
allows more precise determination of the 
maximum tension that can be developed 
by the fiber as the temperature of the 
water bath is raised. If the maximum 
tension is reached, the fiber starts to 
relax. If this temperature is maintained, 
the fiber ultimately breaks ; if the tem­
perature is somewhat lowered, the fiber 
"relaxes" completely and the tension re­
turns to its original zero value. Our re­
sults with this method matched and con­
firmed our experiments with isotonic 
contraction. 

With the isometric method we could 
work with pieces of fiber only one centi­
meter in length ; we could thereby study 
age differences in Xenopus laevis, a 
South African frog that has been stand­
ardized as a laboratory animal. Fibers 
taken from the fingers of frogs ranging 
in age from one to 12 years indicated 
that the collagen of these cold-blooded 
animals shows the same age effects as 
that of the rat. The frog ages slower than 
the rat, but its tendons register a parallel 
increase in tension with age. Aging is in­
dependent of the rate of growth;  fibers 
from old male frogs weighing 60 grams 
and from old females weighing 150 
grams showed the same biological age. 

In observing the relaxation of the 
fibers we noted that in general young 
fibers relax more quickly than old fibers. 
It might, in fact, be possible to correlate 
the time of relaxation-from maximum 
tension-with age. Seemingly there is 
also a relation between age and the 
temperature at which the fiber develops 
maximum tension. This has led some 
authors into the error of reporting that 
in the older animal a higher tempera­
ture is needed to produce the shrinkage, 
or contraction. At a higher tempera­
ture, it is true, the contraction of an older 
fiber will lift a heavy weight against 
which a younger fiber will not contract 
at all. On the other hand, the fibers of 
both old and young animals begin to 
contract immediately at 58 degrees C., 
as can be observed with the isometric 
method and also with the isotonic 
method, provided that the fibers are not 
loaded. 

With these methods for measuring 
biological age at hand, it occurred 

to us to make a test of the alleged 
rejuvenating effects of the analgesic 
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drug procaine, which are still occasion­
ally claimed in "procaine therapy." After 
treatment with the drug for an entire 
year, however, the tendons of the treat­
ed rats showed them to be just as old 
biologically as their control fellows were 
by the calendar. We were somewhat 
surprised, on the other hand, to find that 
ionizing radiation, which undoubtedly 
does shorten life, does not affect the 
aging of the collagen of the body. Rats 
that died several months after whole­
body irradiation with X rays had tendons 
of the same biological age as those of the 
control rats. The locus of damage by ir­
radiation may be elsewhere in the body. 

The addition of certain substances to 
tendons enhances the tension liberated 
with heating. Among these formalde­
hyde produced by far the greatest effect 
-increasing the maximum weight lifted 
by isotonic contraction from four to 40 
grams and elevating the temperature of 
maximum contraction to within one de­
gree C. of the boiling point of water 
without breaking the fiber. Formalde­
hyde is a standard tanning agent, and 
other tanning agents show similar effects. 

Other investigators have demon­
strated that contractions induced by 
chemicals alone can be used to measure 
biological age. J. Banga of the Medical 
University of Budapest has calibrated 
the effects of potassium iodide ( KI ) ,  
and M .  Chvapil of the Institute of 
Industrial Hygiene in Prague has done 
the same with sodium perchlorate 
( NaCl04 ) . In suitable concentrations 
either one of these substances will induce 
greater tension at room temperature, 
measured by the isometric method, than 
heating will. The effect of formaldehyde 
after heating is enhanced still further if 
the fibers are pretreated with potassium 
iodide or sodium perchlorate. Chvapil 
uses the measurement of the speed of re­
laxation after chemically induced con­
traction as an index of biological age. 
This agrees with our own obsel'vations of 
the relaxation of fibers after contraction 
induced by heat; the fiber must, how­
ever, be lightly loaded. By this method 
Chvapil has demonstrated a real case of 
prolongation of youth. As Clive M. Mc­
Cay of Cornell University showed in 
1939, animals kept on a restricted diet 
live longer. In the tendons of such ani­
mals this age test showed a biological 
age younger than their calendar age. 

The question of what causes the higher 
tension in the biologically older col­

lagen calls for the explanation of what 
causes the collagen fibers to contract in 
the first place . From experience with in-

V) � o cr:: l­V) 19 
Z « 

14 ANGSTROMS 

COLLAGEN MOLECULE (left) consists oi 

three strands wound around one another 

in helices. The investigations of Karl A. Piez 

and his co· workers at the N ationaJ Dental 

Institute suggest that the amino acid com· 

;:>osition of one strand differs somewhat 
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from that of the other two. The work of Paul M. Gallop, Olga O. 

Blumenfeld, C. Franzblau and Sam Seifter of the Albert Einstein 

College of Medicine indicates that each strand consists of four 

subunits connected by pairs of ester bonds ("a" at top) . One bond 

may be capable of shifting to connect two strands (b) or two mole· 

(·ules (c). The nature of these bonds is not completely known. 

I C5 « 0 j ASPARTIC CH i I U ACID I' 
c.o._. __ . C H, I 

C=O I 
OH 
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Alpha (a) and beta (f3) ester bonds between subunits (left·hlllul 

drawing at bottom right) are no more than seven amino acid units 

apart (broken line). The unknown component apparently consists 

of a hexose (suggested also by W. Grassmann and H. Hormann) 

and an aldehyde. The connection between two strands I right. 

hand drawing) may involve the shift of one of these bonds. 
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organic materials one might expect heat 
to cause expansion .  Contraction as a re­
sult of heating is an effect that is well 
known, however, to investigators and 
engineers engaged in the synthcsis and 
application of high polymers: the ubi<]­
uitous and useful lon g-chain molecules 
analogous to those synthesized by the 
living cell. Even the public has been ac­
quiring some cxperience with plastics 
that contract upon bein g heated. 

Perhaps the most familiar example is 
the rubber band. V/hether it is made of 
synthetic or natural rubber, it is com­
posed of long-chain molecules that are 
entangled in a disordercd array and that 
are chemically cross-linked to one an­
other only at infrequent intervals along 
their lengths. The internal molecular 
constitution of rubber is therefore more 
like that of a gas than of a solid. Like 
the molecules of a gas, the mol ecules 
of rubbcr are in constant diffusional 
( Brownian ) movement, tending always 
to rcach maximum entropy, that is, the 
state of most random disorder. As a re­
sult the rubber band contracts and resists 
extension. Stretching restrains the ran­
dom diffusional motion of the molecules, 
brings them into ordered alignment with 
one another and correspondin gly re­
duces their entropy. If the rubbcr band 
is heated in this state, the input of energy 
stirs the molecules to larger amplitude 
of motion and toward corresponding in­
crease of cntropy ; the result is that the 
elastic band tends to contract morc 
strongly and exerts increased tension. 

The rigorously ordered structure of 
the collagen molecule presents a dia­
metrically opposed picture. Hydrogen 
bonds tie the long moleculat chains of 
collagen together all along their len gths, 
forming cross links that run between the 
hydroxyproline or hydroxylysine units 
and hold the chains in  the triple-hel ix 
configuration. These bonds are sensitive 
to heat. In fact, l ike the hydrogen bonds 
that hold molecules of water together in 
an ice crystal, they have a precise "melt­
ing point." They Jet go all at once at 
about 58 degrees C. It  is  the melting of 
these bonds that accounts for the first 
primary contraction-or release of ten­
sion-that shows up in old as well as 
young collagen fibers when they are 
heated to that temperature. Under the 
microscope it can be seen that the fibers 
have lost their ordered crystalline struc­
ture. They have become instead glassy 
and transparent, and their polypeptide 
chains have fallen into the same random 
and amorphous disorder as the squirm­
ing molecules of rubber. Because the 
hydrogen bonds are also sensitive to 
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Altitude Bombing Sys· 
tem! With fighter· bombers that move at 
more than 30 miles per minute, there's 
no margin for error! That's why The A. W. 
Haydon Company developed LABS TIM ERS. 
To tell the pilot when to zoom-into bomb· 
drop position! 

And when to release the bomb! 

LABS TIMERS are precise! Rugged! Driven 

e motors - another specialty of The 
A. W. Haydon Company. 

Since 1954, when LABS was originated, 
The A. W. Haydon Company has been first 
in design, development and manufacture. 
Foremost in supplying them. 

First! Foremost! 

That's the story of our life! 

by highly accurate chronometrically gov· We're specialists in the field of time. For 

bombing-or any other area where time is 
important, in any way, shape or form. 

Do you have a time problem? 

We have a timely solution! 

AWHcOMPAN� 
232 NORTH ELM STREET, WATERBURY 20,CONNECTICUT 

THERE IS ALWAYS AN OPPORTUNITY FOR QUALIFIED ENGINEERS AND TECHNICIANS TO GROW - IN THE FIELD OF TIME _ WITH THE A. W. HAYDON COMPANY, AN EQUAL OPPORTUNITY EMPLOYER. 
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RELAXATION TIME required for a rat tendon fiber (with a light weight attached) to reo 

gain its original length following contraction is less for young rats (colored curve) than for 

old rats (black curve). These curves represent results obtained by the isometric method. 

chemical action, the chemical induction 
of contraction brings the internal struc­
ture of the fibers into the same disarray. 

The analogy of the collagen fiber after 
thermally or chemically induced con­
traction to a rubber band is supported 
further by the fact that the contracted 
collagen fiber shows a rubbery elasticity . 
From contraction to 25 per cent of its 
original length it  can be extended again 
to its original length by loading it with a 
small weight;  when it is unloaded, it will 
contract again to 25 per cent of its length . 
The operation can be repeated as often 
as one wishes .  A fiber re-extended to its 
original length and cooled down to 15 or 
20 degrees C. will remain extended. If it 
is  then heated to 58 degrees C., it will 
immediately contract again. If the fiber 
has spontaneously relaxed or is heated 

50 

above its temperature of maximum con­
traction, it becomes inelastic. Any fiber 
that has spontaneously relaxed to its 
original length loses its capacity to con­
tract again upon being heated. These 
observations all hold in the case of chemi­
cally as well as thermally treated fibers . 
( Most of them also apply to the behavior 
of a rubber band, although at widely dif­
ferent pOints on the thermometer . )  

S ince it is the cross-linking by hydro-
gen bonds or other bonds that keeps 

the native collagen fiber extended to its 
proper length ( under tension! ) ,  one is 
naturally prompted to explain the higher 
tension exhibited by a biologically older 
fiber as the result of an increase in the 
number of cross links among its constitu­
ent tropocollagen molecules .  I first put 
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this idea forward as an explanation of 
our tendon experiments in 1956. A simi­
lar idea occurred independently to Johan 
Bjorksten of the Bjorksten Research 
Laboratories ill Houston, Tex., who men­
tioned in this connection the action of 
tanning agents as factors in the aging of 
proteins in general. 

At our laboratory in 1957 we began 
to look for evidence of increase in cross­
linkage with age by studying the chemi­
cal changes that take place during heat­
induced contraction in young and old 
fibers. One of our first observations 
showed that, with the substitution of dis­
tilled water for the customary neutral 
saline solution, contraction occurs at 
higher temperatures. Distilled water ex­
tracts sodium, potassium and calcium 
from the fibers. Evidently the removal 
of these electrically charged ions frees 
chemical energy in the fiber for the 
formation of an increased number of 
cross links. This may serve as a sort of 
general confirmation of the cross-linkage 
hypothesis. 

Our analyses showed that other sub· 
stances also pass into solution from the 
contracting and relaxing fiber. Among 
these are collagen itself and shorter 
chains of amino acid units with a high 
hydroxyproline content, plus some mu­
copolysaccharides . The difference in the 
quantity of the material released by 
young and old tendons was sufficiently 
pronounced and consistent to enable us 
to establish a chemical test for the bio­
logical age of collagen, which we have 
called the hydroxyproline test. The 
method itself, reflecting the lower solu­
bility of aging collagen during thermally 
induced contraction at 65 degrees C., 

HEAT POTASSIUM 
IODI DE 

SODIUM FORMAL DEHYDE FORMAL DEHYDE. FORMALDEHYDE, 
PERCHLORATE POTASSIUM IODI DE SODIUM 

EFFECT ON CONTRACTION of rat tendon fibers from three· 

month·old (color) and 30·month·old rats (gray) varied greatly 
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PERCHLORATE 

when the fibers were placed in solutions of different substances. 

The variations in the effects arc discussed in detail in the text 
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testifies to an increase in the number of 
cross links in the older fibers. 

One virtue of this test is that it can be 
used to study the aging of collagen in 
organs from which no long fibers can be 
dissected for testing by the mechanical 
methods. We are able, for example, to 
assay the biological age of skin ; we used 
the method first on bovine skin, then on 
rat skin and finally on human skin . The 
age relation is less marked than that 
shown by the tension measurements, but 
the difference between young and old 
animals is unmistakable. By closer regu­
lation of the experimental conditions the 
method may be perfected in the future. 

The collagen fibers in the corium layer 
of the skin are richly convoluted.  Single 
fibers teased out of the corium under 
the microscope with the help of a needle 
show the same helical structure as the 
larger tendon fibers. Upon being heated 
to 58 degrees C. the fiber can be seen 
to contract, lose its helical pattern and 
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become transparent, just as in the case 
of the tendon fiber. 

M arcus Schaub in our laboratory has 
used the hydroxyproline method to 
study the aging of the collagen that lies 
between the muscle fibers; he finds that 
it ages in the same way as the collagen 
in the tendon and skin . In collaboration 
with H. Willenegger we have also used 
the method to make the interesting find­
ing that the new collagen in the scar 
tissue of a healing wound is young colla­
gen, even when the wound is in a very 
old individual. After it has formed, this 
collagen proceeds to age the way other 
collagen does. In the near future we ex­
pect to assay the biological age of colla­
gen under pathological conditions, which 
would seem to be promising territory . 

What causes the increase in the num­
ber of cross links in aging collagen? 

The answer to this question rests in part 
on the determination of what kind of 

cross links exist at all. A number of in­
vestigators have been attracted to work 
on this still unsolved problem . As for 
the cause, however, one may hazard the 
preliminary guess that the Brownian 
movement of the collagen molecules 
brings them into random contact with 
one another. When denatured collagen is 
allowed to stand in vitro, it becomes in ­
creasingly insoluble through the forma­
tion of hydrogen cross links established 
spontaneously in this manner. In the 
body, bathed with fluids containing ions 
and such substances as mucopolysac­
charides and mucoproteins, the collagen 
molecules could be expected to form a 
variety of bonds as they are shuttled 
about. Over a lifetime, during which the 
collagen is not renewed or replaced, the 
molecules would tend to accumulate 
cross links in increasing numbers. 

Since the primary hydrogen bonds 
that hold together the triple helix of the 
tropocollagen molecule melt out at 58 

.05 1---····_····· 
I HEXOSEAMINE 

------1 
04 - - - . - ----

s 
Z 10 1···_ ·- _._ ..... .. . .. . ... .... ----......... --.� !z .02 --­

::J 

_.1 
--� ::J 0 � 

l 
« 

t:l=- i 5 .....•.• l 0 1 __ . . __ �I 
10 20 30 40 50 

TIME (MINUTES) 

25 
HYDROLYSIS 

20 

[j) � « 
cr: 
S2 15 -' -' 
S 
f- lO z ::J 0 � « 

5 

0 1 __ -

10 20 30 40 50 
TIME (MINUTES) 

HYDROXYPROLINE METHOD described in the text measures 

age by the amount of material released by contracting and relaxing 
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collagen. Young rat tendons (color) release more material (partie· 

ularly hydroxyproline, a constituent of collagen) than do old ones. 
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S h o rt c i rcu it p ro b l e m s  at sea 
so lved creatively with c l ad metal 
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resistant fuse retainers often sprang loose and 
fell into live busses and connectors. Result : 
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personnel. 

Awarded a contract by the Navy to develop 
an improved fuse clip, Littelfuse Inc. consulted 
with TI metallurgists and together came up 
with the right answer - CONFLEX® copper­
clad harden able steel for fuse clips with im­
proved properties. 

This is  only one example of how the bond­
ing capabilities of TI widen the design engi­
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problem-solving combinations result in clad 
metals with engineering properties unavailable 
in a single metal or alloy, or clad metals that 
simplify a manufacturing process or reduce 

Now standard throughout the 
fieet, CON FLEX clad metal for 
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two engineering properties ( high 
conductivity and high springi­
ness. ) To do their job they need 
no help from auxiliary fuse 
retainers. 
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a current-carrying spring mate­
rial, and for terminals and con­
nectors where properties and 
v a l u e  s u p e r i o r  to p h o s p h o r  
b r o n z e  o r  b e r y l l i u m  c o p p e r  
alloys a r e  required. 

To learn how TI problem­
solving capabilities can be put 
to work for you, send today for 
your free copy of our new capa­
bilities brochure. 

material costs. *TrademarkJ Texas Instruments Incorporated 
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degrees C., the bonds that remain must 
be stronger "covalent bonds," those that 
tie the molecules together in fibrils and 
fibers . These would also include the 
bonds that accumulate during thc life­
tinie of the collagen.  The rubb ery elas­
ticity of the contracted fiber suggests 
the prcsence of ester bonds, which are 
considerablv more energetic than hydro­
gen bonds �nd therefore more resistant 
to heat and solvents . The high strength 
of these bonds would account for the i n­
crease in tension observed in older col­
lagen ; that they are few in number is 
indicated by the ease with whieh the 
contracted fiber can be elongated.  

Paul M. Gallop and his associates at 
the Albert Einstein College of M edicine 
in New York have treated collagen with 
reagents specific to ester bonds and ar­
rived at the estimate that there are two 
such bonds per 600 amino acid units in 
the polypeptide chains [see ill l lstmtion 
on pages 106 and 107]. By a somewhat 
different procedure W. Grassmann and 
H. H ormann of the M ax Planck Institute 
of Protein Chemistry in M unich h ave 
found evidence for a similar frequency 
of ester bonds . 

The hexose ( sugar ) molecules neces­
sary to the formation of such bonds might 
be supplied by the mucopolysaccharides 
contained in the ground substance of the 
connective tissue. In support of this pos­
sibility a number of investigators have 
shown that mucopolysaccharides can 
promote the reconstitution of collagen 
molecules from solutions of denatured 
collagen . K. Kuhn of the Max Planck In­
stitute of Biochemistry in Heidelberg 
has used connective-tissue extract to 
reconstitute collagen fibrils with normal 
striations from collagen that had been 
completely denatured by the digestive 
enzymes pepsin and trypsin . It is not 
known what active substance brings 
about this result ; it may be an enzyme 
that initiates ester cross links. This has 
been called a true rejuvenation in vitro­
the only exploit of its kind achieved so 
far-but since it requires the complete 
dissolution of the collagen, it might 
more aptly be termed a resurrection . 

The new knowledge of collagen chem­
istry may open the way to discovery of 
substances that promote the cross-link­
ing and thus the aging of collagen in the 
body . R. A. M ilch of Johns Hopkins 
University has undertaken studies of this 
kind in connection with pathological 
metabolic disturbances associated with 
arthritic changes .  It may therefore be 
possible in the future to find the means 
to prevent the premature aging of at 
least one important constituent of the 
tissues in the body. 
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cation. Logan, S. C. Proceedings of the J .  V.  IRE Transactions on Electronic 
IRE 6th National Symposium on Engi- Computers, June. 
neering Writing and Speech, Sept. Observations of Physical Peculiarities of ���ChJc�rT���iq
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Motivation. Lukaszewksk i . J . S. THE JoUR- Discussion of Paper by H. R.  Meck en­
NAL OF THE ACOUSTICAL SOCIETY OF AMER- titled Bending of a Thin Cylindrical Shell 
ICA, Feb. Subjected to a Line Load Around a Cir­
Dynamic Shaker Armature Protection. cumference. Sheng, J. Transactions Of The 
Mackey. J. L. TEST ENGINEERI N G ,  Nov. ASME. Sept. 
Gas-Actuated, Free-Piston Pump for Mis- (Ready? or Not?) . Smith, H.  M. AERO-
sile Control Systems. Matson, C. H.  So- SPACE Jl.fANAGEMENT, Sept. 
ciety of Automotive Engineers, April. Simulation of Condensed-Explosive Det­
An Electro-Cleanin� Process for Printed onation Phenomena With Gases. Sommers, 
Wiring Boards. Matzinger, J .  R. and W. P. THE PHYSICS OF FLUIDS, Feb. 
Heuring, H.  F. E I.ECTRONIC PAC KAGING A Phase Separation Technique for the Ex­
AND PRODUCTION. Nov.-Dec. perimental Determination of Normal Vi­
A Preferred Picture. Matzinger, J .  R. and brationModes of Fligh t Vehicles. Stahle. C. 
Green. C. P .  ELECTRONIC PACKAGING AND AEROSPACE ENGINEERING. July. 
PRODUCTION, Nov.-Dec. The Application of Resin- Impregnated 
Combined Codino:: Increase-q Spectrum Porous Ceramics to Re-entry Vehicle Heat 
Usage. McGuire, H. E. ELECTRONICS. Oct. Shields. Strauss, E .  L. Aerodynamically 
Radiant Heat Tests Missile Air Vanes. Heated Structures. PRENTICE HALL, N. J .  
Moean, J. P. SPACE/AERONAUTICS, March. Approximate Chi- square From Poisson 
Silicone Rubber Tension Pads Afford New Cumulative Sum Chart. Taylor, E. IN­
Tool for Test Engineers. Moran, J. P . . DUSTRIAL QUALITY CONTROL, May. 
TESTING ENGINEERING, Dec. Patter Gain of Phased Arrays vs. Element 
Use of Plastic Reduces Missile Cost. Mor- Pattern National Electronics Conl . .  IRE, 
rell. H.  P. PLASTICS WORLD, Oct. Gain of Scanned Arrays vs. Element Pat­
The Filament- Reinforced Motor Case. tern IRE Transactions on Antennas & 
Odell. C. N. AEROSPACE ENGINEERING, Apr • .  Propagation. Thomas. R. K. March. 
S i n g l e - E n d e d  A m p l i f i e r  Can Reject , Some Features or Supersonic and Hyper­
Common-Mode Signals. Patterson, J .  V. sonic Flow About Blunted Cones. Trau­
ELECTRONIC DESIGN-IDEAS FOR DESIGN. Mar. gott. S. C. JOURNAL OF THE AEROSPACE 
Put Steel Back in Designs. Pfaff, G.  C . , Jr .  SCIENCES, April. 
MATER.IALS I N  DESIGN ENGINEERING, Dec. Evaluation of Indeterminate Second Order 
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Problems in the Selection and Testing o f  
Nickel Cadmium Batteries for Satellites. 
Albrecht, F. AlEE Transactions on Ap­
plications and Industry. May. 
Individuality in Small-Plant Reliability. 
Bearer. 1.  IRE-International Convention. 
IRE Transactions o n  Reliab i l i t y  and 
Quality Control, July.  
Evaluation of Space Radiation Safety Pro­
cedures in the Design and Operation of 
Some Early Manned Lunar Vehicles. 
Beck, A.  Proceedings of the 6th Sympo­
sium on Ballistic Missile and Aerospace 
Technology. ACADEMIC PRESS. 

A Sagitta Volante I n  Die. Byrne, B .  P. 
THE CONGOWNIAN. July. 
Searching Out New Inertial Guidance 
Techniques. Chyba, H.  J. IRE/lAS 14th 
NAECON, May. Dayton. Published in the 
PROCEEDINGS O F  T H E  14TH NATIONAL AERO­
SPACE ELECTRONICS CON.'ERENCE, July. 
Selection of Propellant Mixture Ratio to 
Optimize Spacecraft Stage Design. Dorsey, 
John W. ,\RS JOURNAL, Feb. 
Approach to Development of Comprehen­
sive Wind Design Criteria. Easley, J .  W, 
National Symposium on Winds for Aero­
space Vehicle Design, March. 
The Impact of Previous Missile Failures 
on the Conduct of Performance Testing. 
Fedor. O. lAS, Florida. 
Material Behavior in a Random Stress­
Temperature-Time Environment. Giemza. 
C. J. P u b l i s h e d  in Aerod y n a m i c a l l y  
Heated Structures. Prentice- Hall, N .  J .  
Two Remarks on Cones at Angle-of-Attack 
i n  High Supersonic Flow. Ginzel, I .  JOUR­
NAL 0.' TilE ,\£ROSPACE SCIENCES. April. 
A Correlation of Nose·D1untncs.s Induced 
Pressures on Cylindrical and Conical After­
bodies at Hypersonic Speeds. Greenberg. 
A. JilL. OF TilE AEROSPACE SCIENCES, Mar. 
Risk & Reliability. Grodsky, A. AEROSPACE 
ENGINE£IUNG. Jan. 
Titan II Structures Reliability Analysis­
Methods and Dat�. Hair.e, T. PROCEEDINGS 
BALLISTIC MJSSILE and AEROSPACE TECH­
NOLOGY. Academic Press. 
Transient Structural Performance Under 
an Intermittent Load-Temperature-Time 
Environment. Huang. P. C. Proceedings 
of Symp. on Aerothermoelasticity, Feb. 
Comment on the Bucklin� Mode of a Ten­
sion Bar after the Load Is Released. Hu[­
fington, Norris, J. JOURNAL OF THE AERO­
SPACE SCIENCES, Sept. 
Effect of Time and Temperature Exposures 
on the Conductivity and Mechanical Prop­
erties of 2014 Aluminum Alloys Using 
Eddy Current Methods. Hunter, D. Pro­
ceedings of the 3rd Annual Sym. on Non­
Destructive Testing of Aircraft & Missile 
Components. Feb. 
The Thin Walled Torus Shell with Intern­
al Pressure. Jordan. P. F., GAMM (GER­
.MAN JOURNAL OF APPLIED MATHEMATICS & 
:MECHANICS) • 

Stresses and Deformations of the Thin­
Walled Pressurizes Torrus. Jordan, P. F. 
JOURNAL OF APPLIED MATHEMATICS & M E­
,CHANICS. 

Test Facility for Evaluating Heat Ex­
changer Materials. Jules, E .  CORROSION, 
Jan. 
Satellite Lifetimes i n  Elliptic Orbits ( lAS 
30th Annual Meeting in N .  Y . ,  Jan. ) .  
Kork. J .  JOURNAL O F  THE AEROSPACE SCI­
ENCES, Nov. 
Measurement of Surface Temperatures 
Above 2000 ° F .  Maccalous. J .  W. Pro­
ceedings of the Sym. on Temperature­
Its Measurement and Control in Science 
and Industry, Part 2. Reinhold, N .  Y .  
A Probability Approach to Outage Predic­
tion. MacDonald. J .  Proceedings of the 
6th Symposium on Ballistic Missile and 
Aerospace Tech . ,  1961. Academic Press. 
Thrust Programming forTerminal Maneu­
vers. Markson, E. E .  IA�, Fla. 
Launch Time Tolerance Study for Manned 
Lunar Trajectories. Pragluski. W. lAS, 
Florida. 

Effects for the Rayleigh Problem. Trau­
gott. S. C. THE PHYSICS OF FLUIDS, Sept. �mC���:e!16�!0'}I�f
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External Flow. Traugott, S. C. JOURNAL 
OF FLUID MECHANICS. July. 
Fabrication of Magnesium-Thorium AI· 
loys for Missiles & Space Vehicles. Wallis, 
L. METAL PROGRESS. April. 
Approximate Methods tor One- Dimen­
sional Heat Flow Analysis. Wing. L. D. 
JOURNAL OF THE AEROSPACE SCIENCES, June, 

ELECTRON ICS 
The Space Age Challenge to Metrology. 
Long, L. AlEE, May. 
Isotopic Power Generator in Space. Har­
vey, D. AlEE, May. 
PM- 1 & PM 3A Portable Nuclear Power 
Systems. O 'Brien, J. F. AlEE. May. 
Ground Electrical Power for the Gemini 
Launch Vehicle. Rebrovich, F. J .  AlEE, 
May. 
Factory-Built Cables for the Titan Hard­
Site Complex. Fehner, E .  C. AlEE. May. 
UNIDAP: Universal Digital · Autopilot. 
Conover, T. E .  AlEE, Jan. 
The Thermotron as a Low Drift DC Am­
plifier. Higginbotham, J .  W. AlEE, Jan. 
An Approach to the Reliability Dt'!termi­
nation of Aerospace Equipment. Zorger, 
P. H. AlEE, June. 
Generalized Theory of the Thermion:c 
Plasma Energy Converter. Talaat, M .  E. 
AlEE, June. 
Design Considerations in the Use of Pho­
tovoltaic System. DuPont. P. S. AlEE, 
June. 
Parameters for Radioisotope Generator 
De:sign. Corliss, W. R. AlEE, June. 
Radioisotope Power System Operation in 
the Tramit Satellite. Dick, P. J. anC: 
Davis. R. E .  AlEE, June. 
Project Plannink and Control. Soistman, 
E .  AlEE, Nov. 
Thermal Aspects of Long Term Storage of 
Propellants on the Lunar Surface. Buna, 
T. ARS. Nov, 
Combined Nuclear and Chemical Propul­
sion Cycles Having High Specific Impulse. 
Mossman, E .  A.  ARS/ANS/IAS. August. 
The Re-entry of Nuclear Rockets into the 
Earth's Atm03phere. Weiner. R. I .  ARSI 
ANS/IAS. August. 
The F3brication of Clad Tungsten-UO:! 
Fuel and Plates. Schuetz. T. J .• Eiss. A. 
L. and Frank, L. ARSI ANS/IAS, August. 
The Filament Reinforced Motor Case. 
Odell, C. N .  lAS, Jan. 
Missile Component Acoustic and Vibra­
tion Environment Prediction and Test 
Methods. Peverley. R. W . ,  Clarke, J . ,  
Otera. J .  M .  and McGregor, H.  M. lAS, 
Jan. 
Transit and Beyond. Harvey, D. and Car­
penter, R. T. lAS. Jan. 
Theoretical Aerodynamic Studies of Mis­
siles with Flared Skirts i n  Supersonic 
Upstream Flow. Faye-Peterson, R. lAS, 
Jan. 
A Method tor Predicting Dynamic Re· 
sponse or Missiles to Atmospheric Dis­
turbances. Goldman, R. L. lAS, Jan. 
Satel l i te Lifetimes in E l l i ptic Orbits.  
Kork, J. lAS. Jan. 
Can Failure Rate Data be Trusted. Rey­
nolds, L. G. lAS. April. 
An Automatic Long Range Guidance Sys­
tem for a Vehicle Entering at Parabolic 
Velocity. Bryant, J. P. and Frank, M .  P. 
lAS, June. 
Effect of Environment on the Behavior of 
Metals. Kramer, I .  R. lAS, June. 
The Re-Entry of Nuclear Rocket Reactors 
into the Earth's Atmosphere. Weiner, R. 
I . ,  lAS, June. 
Preliminary Investigation o f  a Large 
Shipped-Based Ballistic Rocket. Teague. ll. M. lAS, June. 
A Hecirculation Concept. Cossairt, K. 
lAS/NAVY. Sept. 
A Look at Space Logistics. Woodward, W. 
42nd Annual Meetmg of the Society of 
American Military Engineers, Washing­
ton. D. C .• May. 
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A theoretical and Experimental Investi­
gation of the Fire-in-t he-Hole Staging 
Technique_ Smialek, J .  and Culotta , A.  
Symposium on Ball ist ic  Missile and Space 
Technology. Colorado Springs, Colo . ,  Aug. 
Manned Control of Large Space Boosters. 
Muckle�, R, Hook,:",ay, R: a�d Burke. H. 
SymposIUm on BallistIc MIssIle and !jpace 
Technology. Colorado Springs, Colo . ,  Au­
gust. 

Project Control Methods-PERT and Line 
of  Balance. Haugan, G .  SAE , Apri l .  
Nuclear Auxiliary Power f o r  Lunar Ex­
ploration. W i lson , R, Streb, A.  and Bus­
tard, T. SAE. Apri l .  
G a s - A c t u a t � d  F r ee - P i s t o n  H y d r a u l i c  
Pumps f o r  MIssile Flight Control SysterllS. 
Matson. C.  SAE, April .  
Pneumat i c  Guidance and Control. Frantz, 
W. SAE , April .  
DeVelopment of  Jet vanes for Solid Pro­
pellant M issiles. Ahearn, R SAE, Apri l .  
H i g h  Temperature Materials f o r  & l i d  
Rocket Blast Deflectors. Locke, S . ,  Chan­
dler, H . ,  Sayer, P .  and Wheelahan, E .  
SAE, Oct. 
Design and Performance of  a Ground Effect 
Machine Using Recirculation. Mart i n ,  G .  
a n d  Orte l l .  A.  S A E .  Oct. 
Control Contamination With Components. 
Frantz, W .  SAE, Oct. 
Test and Training Central for Anti-Sub­
marine Warfare Patrol. Cunningham, F. 
!jAE, Oct. 
Point Target, Circu!ar and E l lyptical 
Area Covewge. Boyce" n. Sym�slUm on 
Effect i veness A n a l YS I S  Tec h n I q ues for 
Non-Nuclear Warheads Aga im,t Surface 
Targets. Dahlgren, Va. , Nov. 
Weapons in Attacks Against Stationary 
Target Complexes. Boyce, R Symposium 
on Effectiveness Analysis Techniques for 
Non-Nuclear Warheads Against Surface 
Targets, Dahlgren, Va . ,  Nov. 
Determination of Fragmentation Patterns 
in the Ground Plane. Dawson, V. Sym­
posium on Effectiveness Analysis Tech­
niques for Non-Nuclear Warheads Against 
Surface Targets, Dahlgren, Va . ,  Nov. 
E l ectron Beam P henomena Assoc iated 
W i t h  Perforated Wall Hollow Cathode 
Discharges. van Paassen, H . ,  Muly, E.  
and Allen,  R. IRE, Ocl. 
Cold Hollow Cathode Discharge Welding. 
van Paassen, H., Muly, £ .  and Allen, R. 
IRE, Oct. 
Recent Advances i n  Infrared Detectors for 
the 8 . 5- 1 3 . 5  M icron Spectral Band. Len­
nard , J .  IRE, Oct .  
Use of Integrated C i rcuitry i n  a Digital 
System. Thayne, L. I R E ,  Oct. 
Using Decision Theory Technique for Op­
timum Selection of Thin Film Concepts. 
Poisendine. D. IRE, O-::t .  

Optimal Bango-Bang Guidance System. 
Harmon, Kent and Purcell .  IRE WES· 
CON , August. 
Experimental  S t u d i es o f  Reflected Ion 
Beam Recording. B i t tman, L. NAECON, 
May. 
Searc h i ng Out new I n e r t i a l  G u idance 
Techniqu�. Chyha, H .  NAECON, May. 
Propag a t i o n  Cons i d e ra t i ons Governing 
Selection of Fn."<juency Hands for Aero­
space COllllllunic1ltions. Sukh i a ,  O. NAE­
CON, May. 
EfTccts of Different He-Entry Vehicle De­
signs on the B iolog-icul ])o<;e From Space 
Radiations. Ru':>Sak, S. IRE, Oct. 
l'ropllg-ation of Information-Bearing Sig­
nals Through Space. Leach. R.  IRE, Oct. 
Martin- I)enver Auto QC. Bennett ,  R A .  
81h Nat ionul Sympo.o.;iulll on Hcliab i l i t y  
111ld Quality Contro l ,  Washington, D. C . ,  
,January. 
Fai lure Analysi.s .  Kimba l l ,  ,E. 8th Na­
t i o n a l  Sympo . ., l u m  on H e I J a b i l i t y  and 
Qmd i t y  Contro l ,  Washing-ton, D .  C., Jan­
u1lry. 
Con!ractural Rel iability - an Education 
Program. John.;on: H. 8th Nat ional Sym-
1)()<;lum on Hehab d i t y  and Qua l i t y  Con­
trol. \Vashington, D . C .  January. 
An Appro:l�h to E�vi ro,nmental Control 
System Weight EstLnwtlon i n  Advanced 
Design. Harris, J. and Frahm. ,J. SAWE. 
May. 
Some Design and Economic Con'<idera­
tion'> of M i n imum Stage Launch Vehicle:;; 
for Earth Orhital and Llinar Mi':>Sions.. 
Cox . H . L. I/\S. Oct. _ 
Vibration Pred iction Techniques for Space 
Launch Vehicles. Condos, F . M .  lAS, Oct. 
B11:;ic Data for Larl-:e Bo03ter Programs. 
Hosenthal. R . I .  lAS. Oct. 
A Discussion of  the FllctOrs Cont ributing' 
to the Structural Design of 624A (Titan 
I I I \ . Thompson, £.D. lAS, Oct. 
Human Control Performance 1Ind To�er­
ance Under Severe Complex Wave Form 
Vibration. Cblrk. C.C. lAS/NASA, April 
& May. 
A New Optical Radar. Johnson. RE . .  
'ricen. J . E .  lllld Sheppard, A . P .  IRE, 
February. 
Individuality i n  Small-Plant Reliabi lity.  
llearer, I .  IRE, March. 
Thermal Characteristics of  Potted Elec­
t r o n i c  M o d u l e s .  G o n z a l e s , J . I .  a n d  
Waugh, C . E .  I R E ,  March. 
Gimballess Inertial Reference System. 
Lanzkron, R, Byrne, D. and Murphy, W. 
IIlE, March. 
Test Fixture Variance and Heliab i l i t y .  
Reynolds, L. IRE, March. 
An Experimental Study of  Missile Con­
trol System Parameters. Seider, J. and 
Will iams, H .  IRE, March. 

A Digital Data Telemetry System for an Value Engineering a t  Martin ESPD. Par­
Atomic- Powered Automatic \Veather Sta- sons, R .  E .  MATEIU,\LS I N  D I::S I G N  ENGI-
tion. Sullivan, t\. IRE, March. !\, f.EI! I N G ,  Dec. 
Vapor Jet Control of Space Vehicles.  Easy-to-Use Nomographs E l i m inate Fil­
Vaeth ,  J .  IRE, March. ter Calculations. Sanders, W .  C .  ELEC­
The Company and Engineering Commu- T ltONICS . Nov. 
nication. Logan, S.C. IRE, Sept .  Use of  Target Cost Program. Sauter, F .  
Some Electronics Problems in Infrared J .  Proceedings of  t h e  3 r d  Electroni c  In-
Systems Design. Whelan, F .  IRE, Oct. dustries Assoc. ConL on Value Eng. 
Ion Beam Formation and Control for Re- A New Pulse Modulator for Accurate DC 
flected Ion Beam Depo3i t ion. B i t tman, L. Amplification With Linear or Nonlinear 
and Litton, J .  IRE, Oct. Devices. Schaefer, R A. IHE Transac­
Pattern Gain o f  Phased Arrays Using t ions on Instrumentation, Sept. 
Non-Isotropic Elements. Thomas , R. IRE, New .Pulse Modulation Method Varies 
Oct. Both Frequency And Width.  Schaefer, R. 
Human Factors Engineering i n  Electron- A .  E I.ECT lt O l'o: IC�, Oct. 
ics. Bauer, H .  A .  IRE SPEAKER, June. A Di.';"ital Data Telemetry System for an 
Junk-Box Current Limiter Protects Bread- Atollllc- Powered Automati c  Weather Sta­
board Equ ipmen t ,  Ideas for Design. Boel- t i o n .  S u l l i v a n . A .  M. I :-;' T E R :-;' A T J O N A L  
ter, JJ. A.  ELECTRO � I C  DESIG N ,  June. C O N V E :o< T I O N  RECOltD. 
Experimental Studies of  Reflected Ion Cold Hollow Cathode Discharge Welding. 
Beam Recording. Dittman, L . .  Dr. lre/ las van Paasscn. H .  L. L. Proceedings of  
1 4 t h  Naecon, May. Dayton. Proceedings the Nat ional Electronics Conference. Oct .  
of  the Nat ional Aerospace Electronics E l ectron Beam Phenomena Asso c i a ted 
Conference. July. W i t h  Pedorated Wall Hollow Cathode 
Zerner, Diode Bridge Form Double-Ended Discharges. van Paassen. H.  L. L. Pro­
C l ipper. Boelter, D.  A .  ELECTRO:-;' lC D E- cee<:lings of the National Electronics Con-
SIGl'o:, Ideas for Design, March. ference, Oct. 
Tran5istor Voltage Regulator. Del Giorno . Effect of Cathode Geometry on the Novel 
D. ELECTRONIC EQU U')I I::NT E �G I � EERI !\' G , Electron Beam Mode Discharge. van 
March. Paa,>sen. H. Proceedings of  Ihe 9th An­
P - C  B o a r d s  are P r ec i s i o n  R u b b e r  nual East Coast Conference on Aerospace 
Stamped .  Duman , G. ( co-author George & Navigational Electronics, Oct. 
Franz ) . Electronic Packaging and Pro- &me Electronics Problems in Infrared 
duction, Sept . , Oct. Systems Design. Whelan. F .  G .  Proceed­
Tran<;ient Suppressor for A . C .  C i rcuits.  ings of  the National Electronics Confer­
Foerster, R .  P. ELECTRO!'iIC EQUH':'IENT ence, Oct. 
E �G l N EEIU l'o' G ,  Dec. Gimballcsf> Iner t i a l  Reference System. Optimul Attitude Control of Space Vehi - Byrne, ll. IRE. cles.  Foy, W. 9th Annual East Coast ConL Optimal Attitude Control of  Space Vehi­on Aero'>pace & Navigational Electronics, cles.  Lefferl<; . E .  Proceedings of the 9th Oct. Proceedings of the 9th Annual East Annual East Coast Conference on Aero­�l:�/r;n�� : �terospace & Navigational space & NltVigut ional Electronics ,  Oct. 

�r�:�1r:?n��G .PB����;����s�r;eI�flon ���:!� i�i::!�aL '���!�e���R�,��
i����ric 

P r ec i s i o n R u b b e r  S t a m p s  Used o n  �����i�/>C�e:
R
b��

A
��a��

G
�����I

I
�G ,���� 

P r i n t e d - C i rc u i t  B o a r d s .  F r a n z ,  G. B .  Patchwork Powerplants. Zachmann, H . C, P R I N T I N G  ,\I '\c";AZIN I:: . April .  M A C H I N E  D ES I G N" ,  Aug.  A N / MSQ-45 ASW Tes t and T r a i n i n g  Evaluation of  Space Radiation Dosef> He­Centrl,ll.  Friese, W. DIGEST , published by ceived W i t h i n  a Typical Spacecraft.  Beck,  the Naval Aviation Engineering Service A .  J .  ARS .J O U R N A L .  Nov. Un i t .  May. Roll Control Problem of  Finned Rocket Wide Band D.C. Power Amplifier. Hig- Vehicles With Winged Payload. Decker, ��n
T
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� ' \V .  SE:'IICONDUCTOR PROD- J .  L. AEROSPACE E N G I N E E R I S G ,  Nov. 
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DeNike, J .  AEROSPACE E !\'­

Craw, J. W. CORltoSIO N" ,  Jan. ¥.��� �O�O�i':;,��iI!:�c.��IQ��r��le� Internction of Information DIsplays With TURBULEl'o'CE . ����I��lc���tec�nlfri�;�� i�ra�k\�g�Ob:� Design for a Nuclear-Powered Water Ram­

J:aric�r,  R PEltCEPTU,\L AND �IOTOlt S K I L L S ,  �!���:�� GD��S ����;,,�� ' ���. 
Analog 
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t i nuo us Truck i n� . Oberma y e r ,  R .  W . TRON ICS CO!\' F'ERENCE TR,\ !\'SACT I O N S . 
.J O U lt N A L  OF' ,\PI'I.I£D PSYCHOLOGY, Dec. Continuous Regression Techniques Using 
The EfTects of  Hypnosis on Performance Analog Computers. Rub i n ,  A.  I. I R E  TRAl'o'S­
on the H-T- P and MPS. \Vebster, R B .  ACTIO!\'S O �'  ELECTRONIC C O M PUTERS, Oct. 
J O U IIN,\L O�' C L I N ICAL A N D  EXI'EII l :.tE:-'TAL Designing For Space Rad iation. Russa k , S .  
H Y I'NOSIS, J u l y .  AEROSI'ACE E N G I N E E R I N G .  Oct. 
Clump C i rcu i t  Improves Block ing Gscil- Weibull Distribut ion Analysis ,  a Short 
lator Duty Cycle. Foerster, R .  P.  ELEC- Method. Ruzicka, R.  K .  J O U R NAl. OF T i l  .. 
TIIONIC IH: S I G :-' ,  Nov. EI.ECTIIONICS DIVISION . ASQC, Nov. 
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lJesil-:n Considerations in Reflected Ion Errors. Shannon, H .  H .  EI.ECTRO!\'ICS, Dec. 
Beam HC<'ord ing. Forrest, D . ,  Hildum, A Theoretical & .Experimental Investiga­
H .. and B i ttman. L.  Proceedings of  the t ion of the F i re-in-the-Hole Staging Tech-
91h Annual East Coast Conference on nique. Smialket, J .  J .  and Culotta, A .  J. 
Aerospace & Navig:.llional Electronics. TRANSACTIONS OF' T il E  S£\'ENTII S Y ,\U 'O S J U lII 
Oct. How Copper \Vire Balances Parallel ON IlALLISTIC M ISSILE AND SPACE TI::C H NOL­
Power Tran."i.,tors. Hancock, D.  J .  ELE:C- OGY . 
Tlto N IC S .  Nov. Pattern Gain of  Phased Arrays Usin� Non­
Microm iniat urization 1940-? , A Survey. Isotropi c  Elements .  Thomas, R. K .  PRO­
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PROBLEM-SOLVING 

The intelligent solution of a proble lTI seems to involve Dlore than 

trial and error. Experilnents show that it often requires a fresh 

insight based on a sudden shift in the \vay the problenl is vie�wed 

A 
cat is penned in a wooden cage, 
the door of which can be released 
by a tug on a latchstring. The 

cat has never seen a latchstring. In an 
effort to get out it tries to squeeze be­
tween the bars and claws and bites at 
them in a random fashion until, by pure 
chance, it happens to claw at a loop in 
the string and pull. After gaining its free­
dom the cat is put back in the cage. 
Again it squeezes and claws and bites 
and finally happens to pull the string. On 
repeated trials the cat gets to the string 
a little sooner each time, and eventually 
it pulls the loop as soon as it is placed in 
the cage. 

A hungry chimpanzee confined in a 
cage sees a banana outside the bars just 
beyond its reach. After some futile at­
tempts to get the banana by reaching 
through the bars the chimpanzee dis­
covers a stick lying on the floor of the 
cage. In one swift action the ape picks 
up the stick and with it retrieves the 
banana. 

The cat and the chimpanzee each 
faced a problem and solved it in a verv 
different way. The manner in which a 
cat or a chimpanzee-or a human being­
solves a problem is a fundamental char­
acteristic of the animal or person. The 
behavior manifested in solving a prob­
lem, moreover, provides a convenient 
window through which to observe men­
tal processes. Sii1ce the turn of the cen­
tury the experimental investigation of 
problem-solving has been a fruitful 
source of information on how animals 
and men think and learn. 

The course of this experimentation has 
been heavily influenced by a canon laid 
down by the British zoologist and com­
parative psychologist C. Lloyd Morgan: 
Never attribute behavior in an animal to 
a high level of thinking or knowing if the 
behavior can be explained in terms of 
lower processes; in other words, always 
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explain behavior in terms of the simplest 
possible mechanism. 

In 1898 the U.S. psychologist Edward 
Lee Thorndike undertook to apply this 
principle of psychological parsimony 
in a comprehensive study of problem­
solving in the cat and other animals. 
Thorndike's definition of "problem" is 
still widely accepted: A problem exists 
when the goal that is sought is not di­
rectly attainable by the performance

' 
of 

a simple act available in the animal's 
repertory; the solution calls for either a 
novel action or a new integration of 
available actions. It was Thorndike who 
performed the cat-in-the-cage experi­
ment described at the beginning of this 
article. He posed these questions: Is it 
necessary to assume that the cat has in­
telligence in the human meaning of the 
term? Does the solution-pulling the 
string-require any understanding or in­
sight or can it be achieved (Iuite mechan­
ically? 

Thorndike noted that the cat pulled 
the string by chance and that the time it 
required to trip the latch declined grad­
ually in successive trials. He concluded 
that the solution behavior could be cx­
plained quite simply: The string was a 
stimulus and the tugging was a response. 
The tugging was rewarded by escape. 
From this and similar experiments 
Thorndike derived his principle of learn­
ing: Whatever behavior is rewarded is 
"stamped in" and whatever behavior is 
llOt rewarded or is punished is "stamped 
out." This principle is at the heart of con­
temporary stimulus-response psychology, 
which was shaped not only by Thorn­
dike but also by 1. P. Pavlov, John B. 
vVatson, Clark Hull and many others. In 
this view the tugging behavior is a 
learned habit, acquired through repeated 
"reinforcement," or reward. There is no 
need to assume that the cat has any 
understanding of why the tugging leads 

to escape; there is no need to assume any 
kind of intelligence other than a plas­
ticity that allows the learning of new 
habits. 

Then the Gestalt psychologists camc 
on the scene. They emphasized the 

tendency of the mind to organize and 
integrate and to perceive situations, in­
cluding problems, as total structures. 
They argued that more is involved in 
problem-solving than a sequence of stim­
uli and responses. One of the founders of 
Gestalt psychology, Wolfgang Kiihler, 
objected specifically to Thorndike's test 
situations. The cat, he maintained, can­
not pOSSibly behave intelligently in the 
cage because the release mech:mism is 
hidden and therefore not part of the pcr­
ceived situation, and because its func­
tioning is too complicated for an animal 
to unravel. Isolated on Tenerife in the 
Canary Islands during World ',Val' I, 
Kohler carried out a classic series of ex­
periments with chimpanzees. One of his 
problem situations was the one involving 
the banana and the stick. In this case the 
chimpanzee's solution did not come 
gradually and was not the result of trial 
and error. It was intelligent behavior, 
Kohler said, based on a perception of 
what was required to solve the problem: 
some way of overcoming the distancc 
barrier. 

The insight that leads to a solution, in 
the Gestalt view, stems from this percep­
tion of the requirements of a problem. 
Max vVertheimer, another founder of 
Gestalt psychology, provided a good ex­
ample to support this point of view. Sup­
pose a child who already knows how to 
get the area of a rectangle is asked to find 
the formula for the area of a parallelo­
gram. If the child thinks about it, Wert­
heimer said, he will be struck by the 
fact that a parallelogram woulcllook like 
a rectangle were it not for the fact that 
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A 
HORSE·AND·RIDER PUZZLE illustrates the power of fixation. 

The problem is to place drawing B on drawing A in such a way that 

the riders are properly astride the horses. This drawing is adapted 

from the original version. The correct solution is on page 126. 
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PARALLELOGRAM (top) is equal in area 

to a rectangle of the same base and altilllde 

because the Hprotuberance" at one end is 

equal to the "gap" at the other (bottom). 

one side has a "protuberance" and the 
other side has a "gap" [see illustration 
above J. He formulates the hypothesis: 
"Get rid of the protuberance and fill 
in the gap." Then he realizes that the 
protuberance is elluivalent to the gap; if 
he moves the protruding corner to the 
indented side, the figure is converted 

0 0 

NINE DOTS are arranged in a square. The 

problem is to connect them by drawing four 

continuous straight lines without lifting 

pencil from paper. Solution is on page 124. 

into a rectangle of the same base and al­
titude. Hence the formula is the same as 
it is for a rectangle. 

With Morgan's warning in mind one 
can ask at this point if it is necessary to 
assume that the child has done more 
than go through a process of trial and 
error and call on previously learned hab-

�, i II ! i I I � , 
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SIX MATCHES must be assembled to form 

four congruent equilateral triangles each 

side of which is equal to the length of the 

matches. The solution appears on page 124. 

its. The Gestalt answer is that although 
there may be trial and error it is not a 
blind, or random, sequence as Thorn­
dike believed. Productive thinking is not 
accidental success or the mere applica­
tion of bits of past experience. The prob­
lem has a structure of its own that points 
the wav to its solution. Only within this 
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total framework, or context, does the 
problem-solver draw selectively on rele­
vant knowledge. 

This view of problem-solving has di­
rect implications for theories of learn­
ing and teaching. It is interesting, in 
passing, to consider how the thought 
process outlined above differs from the 

wav the formula for the area of a par­
allelogram is usually taught. A geometry 
teacher would probably give the for­
mula h X a (base times altitude) and 
offer the following proof. He would ex­
tend the base line and drop perpendicu­
lars to construct two triangles and then 
demonstrate that the triangles are con-

I 
I : 6' 
I 
I 
I 
I 
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[No SMOKING -I. 
RING-AND-PEG PROBLEM could be solved with a piece of string with which to tie the 

two sticks together. The only string in the room hung on a nail on the walL When it hung 

there alone, every subject solved the problem. When it was used to suspend a cardboard, 

an old calendar or a cloudy mirror, some people failed_ When the string was a hanger for 

functional things such as a sign, a dear mirror or a current calendar, more than half failed. 
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gruent. But he would probably not have 
pointed out in advance the simple reason 
why one should want to prove the con­
gruence of the triangles. A bright stu­
dent might grasp the reason but others 
would never attain that insight. Fortu­
nately, insight achieved in the solving of 
a problem can be explained to others, 
who should then have precisely the same 
understanding attained by the original 
problem-solver. This true understanding 
has two major advantages beyond the 
intrinsic pleasure of grasping something: 
it can be retained easily and it can be 
transferred to other, similar problems_ 
Once a student understands the reason 
the area of a parallelogram is given by 
h X a, he can figure out how to get the 
area of a triangle or a trapezoid. 

vVertheimer and Karl Duncker, who 
was then at the University of Berlin, ex­
plored the nature of the process by 
which people gain or fail to gain insight 
into problems. They found that although 
men have the capacity for genuine in­
sight and often attain it, not everyone 
gains insight into a problem in the same 
way or at the same stage-or ever. In­
sight is often delayed or thwarted by 
"fixation" on an inappropriate solution. 
If the chimpanzee fails to realize that it 
simply cannot get the banana without 
a tool and keeps reaching through the 
bars, it will not notice the stick; the 
fixation stands in the way of a correct 
solution. 

The author's own work in problem­
solving has been centered on this 

phenomenon of fixation. He found that it 
operates in many ways. Sometimes a per­
son clings misguidedly to a false prem­
ise or assumption concerning the task 
before him. Consider two simple prob­
lems that arc made difficult by this fixa­
tion [see lower illustrations on preceding 
page]. The first requires that nine dots be 
connected by four straight lines drawn 
without lifting the pencil from the paper. 
This cannot bc done unless one extends 
the lines beyond the dots [see illustration 
at hottom left on page 124]. But almost 
everyone assumes-although it is not 
stated as a condition of the problem-that 
he must stay within the group of dots. 
The second problem, assembling six 
matches of equal length to form four 
elluilateral triangles with sides equal to 
the length of the matches, cannot be 
solved as long as one assumes that the 
matches must lie in one plane, and vir­
tually everyone who tries it assumes just 
that. The assumption is implicit; most 
people do not even know they have 
made it. The way to the correct solution 
-an equilateral tetrahedron, or pyramid 
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-is opened as soon as one realizes that 
the matches need not lie Hat. This shift 
from one premise to a new one is what 
Gestalt psychologists call a "reformula­
tion," or "recentering," of one's thoughts. 

The power of fixation and recentering 
is illustrated by a problem the author 
developed in collaboration with the 
neuropsychiatrist Kurt Goldstein and 
Edwin G. Boring of Harvard University. 
The puzzle, which the author first came 
upon in an advertisement, involves a 
drawing of two misshapen horses and a 
drawing of two riders [see upper illustra­
tion on page 119]. The problem is to 
place the drawing of the riders (B) on 
the other drawing (A) in such a way that 
the riders are properly astride the horses. 
(The reader can try this himself by trac­
ing the two drawings on two strips of 
paper.) The overwhelming tendency is 
to try to place each rider on one of the 
horses drawn in A. It is <Iuite clear that 
this will not work (the horses are back­
to-back in A and belly-to-belly in B, and 
the space between thc horses is much less 
than the distance between the two riders) 
but most people keep trying. The correct 
solution requires a complete recentering 
of one's perception of the elements of 
the puzzle. The two horses i:l A must 
be broken in to parts, so to speak, after 
which the head and the hindquarters 
of one combine respectively with the 
hindquarters and the head of the other 
to form two new horses. Then, when one 
of the strips is turned 90 degrees with 
respect to the other, the riders fit nicely 
on the newly created horses [see illus­
tration on page 126]. In this case a solu­
tion is inhibited by a fixation that arises 
from the perceptual make-up of the puz­
zle. Another puzzle presents a similar 
problem with more abstract shapes [see 
top illustration on page 124]. 

·Duncker discovered that fixation often 
interferes when the solution of a 

test problem requires the use of a fa­
miliar object in a novel way. Suppose 
someone needs a screw driver and one 
is not available. He could make do with 
any thin and sufficiently hard object-a 
coin, for example. But to see this possi­
bility he must shift from his usual idea 
of "coin as money" to the new func­
tional concept of "coin as screw driver," 
and this is a difficult kind of shift for 
many people to make. (Substitution of 
a coin, to be sure, seems rather obvious 
because it is a familiar expedient, but 
a person who thinks of it independently 
should be credited with a truly creative 
insight.) Duncker found that it was 
particularly hard for a person to think 
of an object as adaptable for a novel 

WAGON AND WEIGHTS were used in the author's analogue of the river-crossing problem. 

The wagon was constructed on a double-see saw principle. Flanges at the ends locked the 
front wheels if no weight was placed in the container (top) and the rear wheels if too 

much weight was loaded (second from top). The wheels turned and the wagon rolled only 

when either one large weight or one or two small one s  were loaded (two lower pictures). 
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function if he had just put it to its con­
ventional use. In one experiment the task 
was to suspend a piece of string from a 
wooden ledge. The subject had no hooks 
but he did have a gimlet; the solution 
was to screw the gimlet into the wood, 
leave it there and hang the string on it. 
Subjects given a preliminary task in 
which they employed the gimlet to make 
holes were less likely than others to 
think of using it as a peg. 

The author sought to extend Dunck­
er's investigation of "functional fixed­
ness" in a series of experiments con-

a b 
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ducted with Maurice Huling of the Uni­
versity of Kansas. The problem, origi­
nally developed with Zelda S. Klapper 
and Herman Witkin of the State Uni­
versity of New York College of Medicine 
in Brooklyn, required the subject to put 
two rings on a peg from a position six 
feet from the rings and the peg. He could 
not do it without a tool to extend his 
reach. Except when he was picking up 
the rings and putting them on the peg, he 
was allowed to move about the room, and 
he could use anything he saw. There 
were two sticks in the room, but neither 

C GOAL 
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FIXATION be('ause of habit is illustrated by this series of problems. In each a quantity of 

water (right) must be measured out; there is an unlimited supply of water but the only 

tools available are three pitchers, a, band c, the volumes of which are specified for each 

problem. Once the subject hits on a successful pattern of filling and pouring (b - a - 2cl 
he tends to follow that pattern even when, in Problems 6 and 7, there is an easier solution. 
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was long enough to bridge the gap 
alone; they had to be joined together. 
The only piece of string in the room was 
one by which an object hung from a nail 
on the wall [see illustration on page 
120]. This string was in clear view but it 
was embedded in a meaningful context. 
It was predicted that it might not be 
seen as an available piece of string; 
although not hidden perceptually, it 
would prove to be psychologically in­
accessible for anything but its present 
function. 

At first 16 volunteers were given the 
problem with a piece of sh'ing hang­
ing alone on the nail. All of them took 
down the string, tied the sticks together 
and with them placed the rings on the 
peg. The experimental series was then 
begun with the string holding things that 
had no real function: a piece of blank 
cardboard, an old calendar and a cloudy 
mirror. It was predicted that the string 
would still be psychologically available, 
and virtually everyone tested in these 
situations did indeed solve the problem. 
In the next phase the objects hung on the 
wall had definite functions: a current 
calendar, a clear mirror and a "No 
Smoking" sign. These could be expected 
to have a "stay put" quality. Fifty-six 
per cent of the subjects failed with the 
current calendar, 69 per cent with the 
intact mirror and 53 per cent with the 
"No Smoking" sign. 

In each case the string had been tied 
with a square knot, which was placed 
in plain sight above the nail and looked 
eminently untieabJe. The subjects who 
failed to take down the string did not 
think they were forbidden to make use 
of it; they simply did not think to do 
so, as could be ascertained from. their 
comments (they had been encouraged 
to think aloud) and follow-up inter­
views. Moreover, almost everyone de­
cided quickly that he needed a string. 
This means that in this phase of the ex­
periment more than half of the indi­
viduals sought a string for nearly the 
entire 20-minute test period but did not 
think of using for their purpose a string 
that was one of the most prominent 
things in their field of view. 

In one situation the subject himself was 
asked to hang the object on the wall. 

While he was occupied with some un­
related written problems the depart­
mental secretary came into the room, 
apologized for intruding and left a mir­
ror on the table, explaining that mirrors 
were being put in all the laboratory cubi­
cles "for an experiment next week." The 
experimenter said casually: "I suppose 
this should be hung up. Would you do 
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A B 
PERCEPTUAL FIXATION demonstrated by the horse·and·rider puzzle operates also with 

these abstract shapes. The problem here is to place element B on element A in such a way 

that two closed figures are formed. The solution to this problem appears on page 128. 

it for me?" The subject hung the mirror 
on the nail (the only one in the room) 
and went back to his paper work. Fif· 
teen minutes later he was given the ring. 
and-peg problem. In spite of the direct 
experience with the piece of string, the 
failure rate in this situation was 50 per 
cent. 

The results were quite different when 
the string was handled ahead of time but 
was handled as "string." In what was 
called a "test of manual dexterity" we 
had a group of volunteers hang up the 
old calendar, the cardboard or the clear 
mirror using tweezers to tie the string. 
The object was left on the wall. When 
these subjects undertook the ring.and­
peg problem after a IS·minute interval, 
only one out of 36 failed. Apparently 

DOT PROBLEM is solved by extending the 

lines beyond the dots. But most people as· 

sume incorrectly that they may not do this. 
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even a functional mirror, if hung on the 
wall in the course of a "dexterity test," 
did n ot later take on the coloration of 
something that belonged on the wall . In· 
stead the mirror and the string were per· 
ceived as two things left on the wall after 
fulfilling a specific but transient purpose. 
The string remained a string, not just a 
means of hanging things. 

1'he follow· up interviews with people 
who had failed showed how perSist­

ent a fixation can be. The experimenter 
began by pointing in the general direc­
tion of the object on the wall and ask­
ing : "What about that?" The hint was 
enough for only five out of 47 people. 
When the experimenter then asked, 
"What about that mirror [or calendar 

MATCH PROBLEM is solved by building 

a three·dimensional pyramid. Most people 

wrongly assume that matches must lie flat. 

and so on]?" only four more saw the 
solution. M any of the others responded : 
"What about it?" Still others suggested 
making the sign or mirror into a shovel­
like tool with one of the sticks, wrapping 
the sticks in the sign or somehow em· 
ploying the screw eyes in the back of 
the mirror. When the experimenter fi­
nally asked directly, "What about the 
string?" all 38 of the remaining subjects 
expressed surprise, chagrin and self­
reproach as they admitted this was in­
deed a solution. 

Fixation had been reported to be a 
function of involvement in a situation. 
To see if an increase in "psychological 
distance" would help to overcome it, 
some observers were allowed to watch 
as a "subject" ran through the motions 
of trying to solve the problem. The sub­
ject was excused when he reached the 
point of verbalizing the need for some­
thing with which to fasten the two sticks 
together. The observers were then asked 
to work out the problem in their minds. 
Only one out of seven of these observers 
failed, compared with the more than 
half of the deeply involved subjects 
who had tried to solve the same problem 
in action. 

O ne of the difficulties in the study of 
problem-solving is that the experi­

menter can never be sure just what is 
going on in the subject's mind. I-Ie can 
ask after the experiment is over, but the 
subject may forget details or may re­
construct his thought processes incor­
rectly. Even when the person being 
tested thinks aloud in the course of the 
solution, he may not mention everything 
that occurs to him. It is desirable, there­
fore, to construct a problem that invites 
and encourages a running translation of 
thought into visible action. James M. 
Elliott and the author worked out such 
a situation in another experiment at the 
University of Kansas. 

The problem chosen was essentially 
the familiar one of the river crossing. 
Eight soldiers have to cross a river. Thc 
only means of transportation is a small 
boat in which two little boys are playing; 
the boat can carry at most two boys or 
one soldier. How do the soldiers get 
across? If the reader will try to solve 
this problem before reading on, he will 
understand the difficulties our subjects 
faced. 

The river puzzle was converted into 
one involving physical objects and re­
quiring a sequence of discrete moves on 
the part of the person attempting it. A 
crude wagon was substituted for the 
boat, and eight large weights and two 
small ones for the soldiers and the boys 
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MOST 
EPOXIES 

WILL 
BURN 

WANI 
O'IE THAT 

WON'T? 

We added bromine to an epoxy molecule and made it flame re­

tardant-without affecting any of its high physical and electrical 

properties. Can any alert inventor afford to overlook this tempting 

(and profitable) new development? 

We've got other epoxies, too, equally promising. One is an ex­

tremely pure epoxy resin with a viscosity of 4,000-6,400 cps, 

and color 1 max. This is essentially the pure diglycidyl ether 

of bisphenol A without trouplesome high polymer fractions. 

Another: an epoxy novolac with unusually high (even for an 

epoxy) chemical resistance, and temperature stability up to 

500°F. Still another: a flexible epoxy resin to modify other resins. 

These are only a few examples. We make a complete line. All 

offer excellent adhesion, low shrinkage during cure, resistance 

to thermal and mechanical shock, toughness, chemical inert­

ness, and outstanding electrical properties. All are high quality 

because we also make every single ingredient that goes into 

our epoxies. 

You have the problems ... we have the epoxies. Why not see if 

they can help in your development work? Samples available. 

Write us. Th€ Dow Chemical Company, Midland, Michigan. 
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SOLUTION of the horse·and·rider puzzle requires a "recentering." The horses cannot be 

used as they are drawn in A but must be abstracted into their component parts and recom· 

bined into two new horses. Then, if drawing A is rotated 90 degrees, the riders fit properly. 

[see illtlstration on page 121]. The 
wagon wheels locked if no weights were 
placed in it and also if more than one 
large weight or two small ones were 
loaded. Each subject was told that his 
task was to transport all the weights in 
the wagon from one side of a table 
("Lawrence") to the other side ("To­

peka") , that the wheels must roll freely, 
that he could make as many trips as he 
wished and that there were no hidden 
tricks or gadgets on the wagon-that its 
rolling was a function of the amount of 
weight in it. 

The solution consists in realizing that 
a precondition for getting the large 
weights across is to have one small 
weight on each side. The way to achieve 
this is to begin by taking both small 
weights across to Topeka. After one of 
them has returned the wagon to Law­
rence the first large one can make the 
trip to Topeka. Then the small weight 
originally left in Topeka serves its pur­
pose, getting the wagon back to Law­
rence. Now the entire cycle must be 
repeated, and so on until all the weights 
are across. 

Two experiments were performed. In 
the first the problem was simply given 
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to 49 individuals. In the second the 
subjects were divided into groups and 
interrupted at certain points in order 
to know what they were thinking or 
planning. In both cases the participants 
were asked to think aloud and were ob­
served as their thoughts took the form of 
concrete behavior, recording each load­
ing of a weight and each abortive or suc­
cessful movement of the wagon. 

No two individuals proceeded in ex­
actly the same way but there were some 
striking similarities in the behavior of the 
volunteers. They began by exploring the 
various weight loadings that would al­
low the wagon to roIL They soon dis­
covered that it would carry either one 
large weight or one or two small ones. 
After this discovery most of them for­
mulated a hypothesis : "Take one weight 
over at a time, thus transporting them 
all in repeated trips." This hypothesis 
led 40 of the 49 into the error of prompt­
ly loading one large weight and taking 
it to Topeka-only to realize when they 
got there that it was impossible to get 
the wagon back without taking the 
weight back again. 

Once they realized it did no good to 
start by transporting a large weight 

alone, most of the subjects decided : 
"Take at least two weights over in order 
to return the wagon with one."  This 
"rider" hypothesis, combined with the 
knowledge that the wagon would not 
roll with too much weight, usually led 
to the idea of transporting one large and 
one small weight-a combination that 
accounted for 52 per cent of the trial 
loadings at this stage. Virtually all the 
subjects who made that attempt said 
they intended to get the wagon back 
from Topeka with the small weight­
that it seemed the best "rider" for the 
purpose. And although the wagon would 
clearly not roll with a large and small 
weight aboard, they returned again and 
again to that combination. For 30 of the 
subjects who persevered at it, the mean 
number of repetitions was 6.1. M any of 
them tried to rationalize the fixation as 
an attempt to find some special way of 
placing the weights so that the wagon 
would roIL 

The reason for the fixation is fairly 
clear. These subjects had decided 

that they needed to carry a rider, and 
that the small weight was a logical one 
because it was less of an extra load than 
a second large weight. Even the few 
subjects who considered taking the two 
small weights across together saw one 
as a rider for the other only on a pre­
liminary trip; thereafter, they thought, 
it would be a rider for a large one-so 
they might as well face the small-plus­
large problem at the outset. Some went 
so far as to load the two small weights 
and still failed to see that it was the 
essence of the solution. All of these sub­
jects were fixating on what appeared to 
them to be the goal: transporting the 
large weights to Topeka. For them the 
small weights had lost the quality of 
weights to be transported and were seen 
as riders only. It was therefore a detour 
from the major goal to transport two 
small weights first to Topeka merely in 
order to leave one there. The solution 
required them to shift to the perception 
of both small weights as tools to be 
taken across on a preliminary trip. 

When individuals loading a large and 
a small weight were interrupted and 
asked, as the experimenter pointed to 
the other small weight, "What about 
this one? Have you ever thought of using 
them together?" a few were able to solve 
the problem. But most of them said 
something like : "It looks the same .. . I 
could take these two [small ones] over, 
but after one trip I couldn't do any 
more . .. I'd still be faced with the prob­
lem of getting the la1'ge ones over." 

Even as they finally hit on the correct 
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on target with LOH POWER-the new Allison T63-A-5 turboshaft engine for the Army's Light Observa­

tion Helicopter. Target: Complete 150-hour flight qualification test by September 1962. Result: Engine 

test completed September 14, 1962, with specifications exceeded both in horsepower and specific fuel 
consumption. Official U. S. Army approval and Federal Aviation Agency certification received at Allison. 

Engines now being delivered on schedule to three helicopter manufacturers for flight test and airfr3me 
evaluation. And this is one more example of how we keep our aerospace and nuclear projects on target. 

�liSOI1 
THE ENERGY CONVERSION DIVISION OF 
GENERAL MOTORS, I NDIANA�POllS, IND. 
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first step of transporting the two small 
weights, many subjects failed to see the 
point. Some got back to Lawrence with 
a small weight and then tried once again 
to load a large and a small weight togeth­
er. Even more of them got safely through 
the next steps of sending over one large 
weight and returning the waiting small 
one but failed to see that they had to 
start all over again at that point with 
the two small weights . In other words, 
they had not yet attained the second 
major insight : the cyclical nature of the 
solution .  

Eventually all the subjects did solve 
the problem and all but two of them 
understood the solution .  On questioning 
later, 36 per cent of them expressed the 
underlying principle in spatial terms : 
"You need a small one on each side at 
all times ." An<?ther 4 1  per cent expressed 
it in temporal terms, reciting the re­
quired sequence of events in the cycle. 
The remaining 23 per cent were unable 
to verbalize the principle clearly. 

The various problems discussed here 
illustrate several causes of fixation 

in problem-solving.  A person may start 
with an implicit but incorrect premise . 
He may fail to perceive an object's suit­
ability for a solution because it  must be 
used in a novel way or because it is em­
bedded in a conventional context. Or he 
may be unwilling to accept a detour that 
delays the achievement of his goal . Any 
type of fixation can be strengthened by 
too much motivation. Herbert D. Birch, 
now at the Albert Einstein College of 
M edicine, found that if a chimpanzee is 
too hungry it will not do as well at a prob­
lem requiring a detour-the Kohler ba­
nana problem, for example-as an animal 
that is only moderately hungry. The 
overly hungry chimpanzee fixates rig­
idly on the goal, striving to no avail to 
reach the banana.  On the human level 
there is some evidence that strong ego­
involvement in a problem makes for 
overmotivation and is detrimental to a 
solution . 

One final factor affecting fixation is 
habituation. There is truth to William 
james's statement that habit is the "fly­
wheel of society," but one might add 
that habit can also be the flypaper of 
society. The direct availability of a 
habitual mode of response may make it 
much harder to break with habit and 
approach a problem afresh. This effect 
was beautifully illustrated some years 
ago by Abraham S. Luchins, who was 
then associated with Wertheimer at the 
New School for Social Research . The 
subject is asked to measure out mentally 
a given quantity of water ; the toofs avail-

able to him are three pitchers of specified 
sizes [see illustration on page 1 22 ] . Take 
the first problem : With three pitchers 
that hold three, 21 and 127 quarts, and 
with an unlimited supply of water, meas­
ure out 100 quarts . The solution is to 
fill the 127 -quart vessel ( b ) ,  pour off 
enough to fill the 2 1 -quart pitcher ( a ) 
and then enough to fill the three-quart 
pitcher ( c )  twice . This leaves the desired 
100 quarts in the big pitcher ( b ) . The 
reader is invited to do the whole series .  

M ost people solve Problem 6 by pour­
ing water from the filled 49-quart vessel 
into the 23-quart vessel and then twice 
into the three-quart pitcher, and they 
follow the same routine in Problem 7 .  
But both problems have much simpler 
solutions.  Problem 6 can be solved by 
filling a and pouring from it into c once ; 
Problem 7 can be solved by filling a and 
c and pouring them into an empty b. 
But because Problems 1 through 5 all call 
for the b - a - 2c solution the subject 
becomes habituated to it, conSCiously or 
not, and holds to the same pattern even 
when i t  is inappropriate . This fixation is 
exploited in the traditional childhood 
game in which one child is called on to 
pronounce as the other spells out : "M A C 

D O N A L D  . . .  M A C  H E N R Y  . . .  M A C  

M A H 0 N . . .  M A C  H I  N E R Y . " The vic-
tim is trapped into pronouncing the last 
"name" as "Mac Hinery" instead of 
"machinery ."  

If insight is the  essential element in  
intelligent problem-solving, fixation is 
its archenemy . Fixation is overcome and 
insight attained by a sudden shift in the 
way the problem or the objects involved 
in it are viewed. The work described in 
this article has pointed to some of the 
factors that necessitate this s ' ldden shift, 
but precisely what brings it about is  still 
unknown . It remains the central problem 
of problem-solving. 

B 
RECENTERING also solves this problem. 

The abstraet shapes of A are broken up and 

rotated 90 degrees. B then fits properly. 
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from KENT . . .  the foremost name in Flat Conductor Systems 

E:x:pand.a ble 
R,ack: - and. - Panel 
Connection Systenl. 

Expandable Rack-and-Panel Connector relaxed 

The new KENT Expandable Rack-and-Panel Connection Sys­
tem provides a mechanically flexible but electrically "rigid" 
interconnection for rack-mounted chassis.  Expanding from 
its relaxed position to its fully extended length of 24 inches 
( typical ) as the chassis is withdrawn, it keeps the connecting 
cable out of harm's way without inhibiting free motion of the 
chassis, involves no springs, pulleys or other troublesome de­
vices, is completely solderless, and provides more conductors 
per unit volume than any other interconnecting device. 
The system is supplied as a complete assembly, ready to install. 
The length of coiled high-bond flat-conductor cable is supplied 
as an integral part of the connector. Round-wire leads of your 
desired length can be provided at each end. 
The result - a substantially superior and more reliable rack­
and-panel connection at lower installed cost. 
This expandable assembly is only one of the many Kent accom­
plishments . Naturally, we can also provide fixed-length flat­
conductor connection systems and jumpers to interconnect, for 
example, printed circuit boards . By eliminating traditional 
random wiring, these connection systems greatly reduce prob­
lems of cross-talk and pick-up, and the electrical constants of 
the interconnections are uniform and predictable across all units. 

Our latest Technical Bulletin describes The Ex­
pandable Rack-and-Panel System in detail. Copies 
are available from us at the address below, as are 
details on other Kent Jilat-conductor connection 
systems and connectors. 

KENT Jv.[FG. CORP. 
2 0 6  CENTER • P R I N C ETON • N EW J ER S EY 

H O M E  O F  AUTO MATED C I RC U IT TECH N I QUES Rack-and-Panel Connector partially extended 
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LOCK SIGHTS ON STARS 
HUNDREDS OF UGHT·YEARS AWAY! 

Finding ways to help answer many of the mysteries of 
space beyond our own solar system is one of the unique 
capabilities of General Telephone & Electronics. 

In the very near future the National Aeronautics and 
Space Administration will launch a series of unmanned 
satellites equipped for far-reaching scientific research. 
One of these, an orbiting astronomical observatory, 
will permit detailed and quantitative astronomical ob­
servations in the far ultraviolet spectrum from above 
the earth's atmosphere-for the first time! This satellite, 
complete with a high-powered telescope, will permit 
the analysis of the composition of interstellar gas and 
dust clouds-and provide further evidence for various 
theories on the origin of the universe. 

Locking the optical equipment onto its cosmic target 
requires extremely accurate sensing electronics which 
our scientists provide. (How accurate? 0. 1 seconds of 
arc-the equivalent of a telescope in Baltimore picking 
out the right eye of someone in Washington for detailed 
study of its color and brightness . ) The optical data will 
be processed and digitalized by GT&E equipment for 
storage in the spacecraft's "memory." When the satel­
lite is directly over ground antenna stations, the data 
will be radioed to earth. 

Contributing to America's space knowledge through 
data processing, servomechanisms, signal processing 
and command guidance is representative of the many 
ways the scientists and engineers of the General Tele­
phone. & Electronics corporate family speed the nation 
forward in the race for space. The vast communications 
and electronics capabilities of GT&E, directed through 
Sylvania Electronic Systems, can research, design, pro­
duce, install and service complete electronic systems. 
These systems include detection and tracking, elec­
tronic warfare, intelligence and reconnaissance, com­
munications, data processing and display. 

That is why we say the many worlds of peacetime 
and defense electronics meet at Sylvania Electronic 
Systems, Division of Sylvania Electric Products Inc.� 
40 Sylvan Road� Waltham 54, Massachusetts. 

GENERAl TElEPHONE 
&ElECmONICS 

Total Co m m u n i cati ons  fro m  a si ng le  sou rce th roug h 

SYLVANIA ELECTRONIC SYSTEMS 
Including: Automatic Electric • Genera l  Telephone & Electronics 

I nt e r n a t i o n a l · G e n e r a l  Tel e p h o n e  & El ectro n i cs Laborator ies 

Len kurt Electric · Sylva n i a  Electric Products 
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LATHE OF 1671 was remarkably advanced for its time. The how 

drive was powered by an apprentice who placed his foot in a 

stirrup ( m )  and pumped. The crankshaft was turned by the com· 

1 32 

bined action of foot and bow. A large flywheel kept the p ,ece turn­

ing smoothly. The lathe, described by Cherubin d'Odeans, used 

pulleys of various sizes to provide various speeds of revolution. 
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The Origins of the Lathe 

The importance of the iron-cutting lathe to the Industrial 

Re()olution is rarely appreciated. A number of ingenious 

lathe lnechanisnLs can be traced back to the Middle Ages 

M
achine tools lie at the heart of 

industrial production, and the 
acknowledged queen of ma­

chine tools is the lathe. Yet because the 
lathe originated in antiquity and has 
no single inventor it receives short shrift 
in most histories, which often describe 
the Industrial Revolution as if it had 
been evoked solely by the steam engine, 
the power loom and the cotton gin. With­
out major developments in the lathe 
between 1750 and 1830 the Industrial 
Revolution could not have taken place. 

Nor were these developments anony­
mous. Until 1750 the lathe was used 
primarily for working in wood and pew­
ter and for turning the brass components 
of clocks and instruments. By 1830 it 
had been transformed into a powerful 
factory tool capable of shaping iron and 
steel machine parts in industrial sizes 
and quantities. The man who stood at 
the center of this transformation was 
Henry Maudslay, an Englishman whose 
work climaxed a long history of develop­
ment going back many centuries. 

From various artifacts found in ar­
chaeological sites it can be inferred 
that the lathe was invented nearly 3,000 
years ago. The history of invention 
strongly suggests that such an inspiration 
rarely depends on a solitary genius, and 
the idea of the lathe probably arose in­
dependently in several minds. By the 
fifth century B.C. the lathe was known to 
the Etruscans in Italy, to the Celts in 
England and to the inhabitants of the 
Crimean Peninsula. Three hundred years 
later turned products of wood and other 
material were to be found throughout 
the ancient world. 

The earliest known picture of a lathe 
is one carved in low relief on the wall of 
an Egyptian grave of the third century 
B.C. [see illustmtion at right]. It shows 
the article to be shaped-the workpiece-

by Hobert S. Woodbury 

being rotated between two fixed mem­
bers, which would now be called the 
headstock and tailstock. (Although the 
workpiece appears to be held vertically, 
it was an Egyptian pictorial convention 
to rotate horizontal objects into the ver­
tical plane for clarity.) The workpiece 
is being turned by a cord or thong 
wrapped around it, which an assistant 
is pulling back and forth. The skilled 
artisan is holding a cutting tool against 
the workpiece. 

Somewhat later pictures show that 
the simple hand-held cord was often re­
placed by a cord stretched in a bow. The 
bow cord made a loop around the work­
piece or around a spindle attached to 
the workpiece. The work was rotated by 
pulling the bow back and forth. The 
great advantage of the bow over the 
simple cord was that it allowed a man to 

work alone, using one hand to pull the 
bow and the other to hold the tool. The 
drawback of both methods was that the 
workpiece rotated first in one direction 
and then in the other, requiring that 
tool pressure be co-ordinated with the 
power stroke of the cord or bow. 

T
he next major advance, which did 
not come until the Middle Ages, was 

the introduction of the spring-pole-and­
treadle drive [see illustration at top left 
on page 136]. In this method a flexible 
pole was mounted above the lathe and 
a cord ran from the pole, around the 
lathe spindle and to a foot treadle. Some­
times a heavy bow replaced the flexible 
pole. In either case the workpiece ro­
tated back and forth as the workman 
stepped on the treadle and released it. 
The treadle drive, which was in use by 

------_ ...... _---------...... "-

EARLIEST PICTURE OF A LATHE is one on the wall of an Egyptian grave of the third 

century B.C., shown here in a line drawing. The man at left is holding the cutting tool. The 

man at the right is making the workpiece rotate back and forth by pulling on a cord or thong. 
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A.D. 1400, gave the workman use of both 
hands for holding the cutting tool. 

The bothersome back-and-forth rota­
tion of the spindle became a serious 
problem when the lathe was used to 
turn heavy wooden pieces or nonferrous 
metals. The workman had all he could 

GEAR BOX 
(48 SPEEDS) 

do to guide his cutting tool accurately 
without trying to generate the required 
foot power and co-ordinate the tool 
position at the same time. This problem 
was solved by adopting a continuous 
pulley drive, which again called for the 
help of an apprentice [see illustration at 

I N DE X --7'=----, 
PLATE 

top right all page 136]. Old woodcuts 
and drawings show that many lathes 
were turned by hand in this way until 
1800 and even later. 

In the Mittelalterlichen Hausbuch of 
about 1480 there is a most important 
drawing. It shows a lathe in which for 

FROM SPINDLE 

COMPOUND GEARS / 

ANATOMY OF THE LATHE shows the location of the principal 

parts and mechanisms discussed in the text. The workpiece is held 
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LEAD SCREW AND DRIVE SHAFT 

between the headstock and tailstock. The compound rest, a devel· 

opment of the simple slide rest, holds the cutting tool and, in mod· 

--

.. ---
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the first time control of the cutting 
tool was taken from the skilled hands 
of the turner and put into a mechanical 
device today called a slide rest [see bot­
tom illustration on next page J. The cut­
ting tool was fed into the work by means 
of a screw mechanism much like mod-

ern cross-feed devices. :\10reover, the 
toolholder was held fixed in the lateral 
direction, while the workpiece was 
moved past it by means of what is now 
known as a lead screw, turned by a 
crank. This combination of motions 
made it possible to cut screw threads 

into the workpiece. Thus all the ele­
ments of a screw-cutting lathe, includ­
ing a fully developed cross slide, had 
appeared by the end of the 15th century. 

In the late 16th century Leonardo da 
Vinci turned his attention to the lathe 
and sketched a number of mechanisms 

{j. COMPOUND REST TOP BLOCK 
TOOL HOLDER tilb... 

TOOL� ;;:RiL 
POST 

_ .' ... .  ""-. 
SWIV E L --fF:::::::::::::;::::::�� 

TO HAND WHEEL FOR M.ANUAL LONGITUDINAL DRIVE 

MANUAL MICROMETER FEED 

CROSS FRICTION DRIVE 
REVERSE ' ---':; 

HALF NUTS 
RACK. '--. 

(ENGAGE LEAD SCREW) LEAD SCREW 

MANUAL MICROMETER CROSS· FEED DRIVE SHAFT 

LONGITUDINAL FRICTION DRIVE 

HAND WHEEL FOR MANUAL LONGITUDINAL DRIVE. 

.SET OVER SCREW (FOR TAPER TURNING) 

CLAMP BOLTS 

TAILSTOCK RACK ADJUSTMENT 

TAILSTOCK 

ern lathes, is equipped with means for feeding the tool into the 

workpiece. The steady rest, a development of the back rest, keeps 

the workpiece from bending under the pressure of the tool. The 

lead screw provides the means for cutting threads in the workpiece. 
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POLE LATHE OF 1395 enabled the workman to turn the work· 

piece by means of a foot treadle and freed both of his hands for 

holding the cutting tool. The workpiece rotated back and forth. 

CONTINUOUS· DRIVE LATHE OF 1568 eliminated the back·and­

forth rotation of the workpiece, produced by po1e·and.treadle 

lathe, but required the services of a helper to turn a drive wheel. 

not seen previously [see top illustration 
011 opposite page], but whether or not his 
innovations were embodied in the ma­
chines of his day is not known. Leonardo 
showed one lathe driven by a treadle 
acting on a crankshaft. The crankshaft 
was attached directly to the lathe spindle 

and was mounted between two bear­
ings-the first time this arrangement had 
been seen. A fly\Vheel, supported by an 
additional bearing, kept the work turn· 
ing smoothly. Finally, to hold \Vork· 
pieces of various lengths, Leonardo in· 
troduced an adjustable tailstock spindle. 

In another sketch Leonardo showed a 

screw· cutting machine (not strictlv a 

lathe), in which he provided "change 
gears" to cut threads of various pitches. 
This was a significant advance over the 
screw·cutting lathe of 1480. 

After Leonardo, lathe designers turned 

SCREW·CUTTING LATHE OF 1480 was depicted in the Mittel· 

alterlichen HlIusbuch. For the first time control of the cutting tool 

was taken from the skilled worker and put in a mechanical device 

(detllil lit ri.ghtl, which today would be called a slide rest. The 

rest was held in a longitudinal guideway. The workpiece was 

moved below, and past, the cutting tool by means of a hand crank. 
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their attention increasingly to improv­
ing the controls with which the tool was 
brought to bear on the workpiece. 
Leonardo's successor as engineer to the 
French court, Jacques Besson, made 
several important advances. In a screw­
cutting lathe designed about 1550 Bes­
son cleverly co-ordinated the movement 
of the workpiece and the cutting tool 
[see bottom illustration at right]. In 
the 1480 screw-cutting lathe a lead 
screw moved the work past the tool; 
in Besson's lathe a lead screw moved 
the tool past the work. This marked 
the first use of a lead screw, held in a 

nut, for longitudinal feeding of a lathe 
tool, another important element of mod­
ern machines. It was also the first semi­
automatic lathe, that is, a lathe in which 
the performance did not depend on the 
operator's skill but was built into the 
machine itself. 

B
etween Besson's time and 1750 there 

was slow but significant progress in 
tool control and drive mechanisms. In 
1671, about midway in this interval, 
Cherubin d'Orieans described a bthe 
with an interesting combination of bow­
and-treadle drive and flywheel [see illus­
tration 011 page 132]. The outstanding 
feature of the design was the use of sev­
eral pulleys of different sizes mounted on 
an overhead shaft to provide different 
speeds of revolution. Much concerned 
with reducing friction and improving the 
precision of bearings, Cherubin was also 
the first to use a conical bearing in a ma­
chine tool. He also developed devices 
called gibbed slides to improve the ac­
curacy and facility of holding the cutting 
tool. A century later such slides had be­
come remarkably complex, as can be 
seen in a "rose engine" built in 177l. 
This was a specialized lathe named for 
its ability to cut roselike patterns [see 
top illustration on next page]. 

Early in the 18th century an important 
chapter in 'lathe design was contributed 
by clock- and instrument makers, many 
of them French. Although their work­
pieces were quite small and their lathes 
hardly what one would call industrial 
tools, these. gifted artisans recognized 
that to turn out metal parts of precise 
dimensions. ·.4I.thes would have to be 
accurate and made entirely of metal. In­
strument makers of course worked main­
ly with brass and other soft metals. 

The first significant reference to cut­
ting iron on a lathe appeared in 1701, 
in a treatise called L'Alt de TOl/rner by 
Charles Plumier. He wrote that he knew 
of only two other men who could turn 
iron. In describing his own lathe for this 

SKETCHES BY LEONARDO DA VINCI show several remarkable innovations in machine 

design. The lathe at left has a treadle, a crankshaft and a large flywheel. The tailstock 

spindle Can he adjusted by a hand crank. The devi('e at right is a s('rew-cutting machine (not 

strictly a lathe), which has a set of change gears for cutting threads of various pitches. 

LATHE DESIGNED BY JACQUES BESSON, Leonardo's successor as engineer to the 

French court, incorporated a clever means for feeding the cutting tool longitudinally in ('0-

ordination with the rotation of the workpiece. (Workpiece is the tapered screw heing cut 

at the left.) The co·ordination of tool feed and workpiece rotation is achieved hy pulleys. 
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"ROSE ENGINE" of 1771 was a specialized lathe for cutting rose­

like and other ornamental designs in wood or soft metals such as 

IRON-CUTTING LATHE OF 1701 was designed by Charles 

Plumier. The lathe was ruggedly built and had adjustable stocks. 
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pewter. A dose-up of the compound slide rest is shown at the hot­

tom right, with an "exploded" view of its parts directly above. 

The cutting tool was supported by a heavy rest (L). Power was 

supplied by a large wheel (/lot shown) turned by two laborers. 
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work he emphasized strength, rigidity 
and finish of workmanship [see bottom 
illustration on preceding page J. Plu­
mier's lathe had iron spindles held in 
bearings of cast tin or other soft metal, 
one of the earliest examples of this type 
of bearing construction, now widely used 
in machinery of all kinds. 

Plumier's lathe was powered by two 
men, who turned a large wheel; an iron­
working lathe built by Christopher Pol­
hem in Sweden was powered by water. 
It seems likely that Polhem had his lathe 
in operation as early as 1710, but details 
are scanty. The lathe had a tool car­
riage driven by a lead screw and gears 
to move the cutting tool longitudinally. 
This lathe was evidently able to make 
accurate parts on an industrial scale, 
yet Polhem had little influence on 
machine-tool design even in Sweden. 
\;Yhy, one can only guess. 

B
y 1760 a very fine iron-turning lathe 

appeared in France, built by Jacques 
de Vaucanson, a gifted machinist who 
also made important improvements in 
the loom. His lathe is preserved in the 
Conservatoire National des Arts et 
Metiers in Paris [see upper illustration at 
rightJ. It has a heavy framework of iron 
bars solidly bolted together, and it can 
take a workpiece about a meter in length 
and a third of a meter in diameter. An 
important innovation appears in the 
metal guideways that support the tool 
carriage. They are made of square bars 
mounted at an angle of 45 degrees. This 
made it simpler to get high precision 
guiding of the slide rest, and the sur­
faces, being sloped, easily shed dirt and 
chips. Guideways with these sloping 
surfaces are said to be prismatic and 
have been widely used in machine tools 
ever since. 

Vaucanson's lathe must have been 
rather inconvenient to use. The apparent 
limitations in the workpiece drive mech­
anism and the use of brass instead of 
iron in the carriage must have sharply 
limited the rate of metal removal. It 
shows quite clearly, nevertheless, that 
French designers were at least a gener­
ation ahead of English lathe builders in 
producing a lathe capable of precision 
machining on parts of industrial size. 

Also preserved in the Conservatoire 
National is a remarkable screw-cutting 
lathe built in 1795 by a machinist named 
Senot [see lower illustration at right J. It 
includes such features as change gears 
(for changing the pitch of the screws to 
be cut), fixed and following back rests 
(to keep the workpiece from bending 
while being cut), a simple set-screw 

chuck mounted on the headstock spindle 
(to accept workpieces of various diam­
eters) and provision for lubricating the 
bearings and other critical parts. All in 
all, it was a rugged and precisely built 
machine capable of turning out accurate 
parts at a good rate. 

It is indicative of the rapid spread 
of new technology that only three years 
later, in 1798, David Wilkinson in the 
U. S. was building a screw-cutting lathe 
that compared rather favorably with 
Senot's machine. By 1806 Wilkinson had 
built a general-purpose lathe that be­
came very popular, particularly in Gov­
ernment arsenals, where more than 200 
were in use by 1848. Curiously, the lathe 

was never patented, with the result that 
many details of its construction are un­
known. In his busy shop in Pawtucket, 
R.I., Wilkinson trained a whole genera­
tion of machinists and machine-tool 
builders, laying the foundation of the 
U. S. machine-tool industry. 

T
he man who grasped most clearly 
the need for a metal-cutting lathe of 

precision and large capacity and who 
had the genius to design, build and 
market it was Henry Maudslay. Born in 
1771, Maudslay started work at the age 
of 12 in the Woolwich Arsenal. By 15 
he was an expert metalworker in the 
arsenal's smithy. In 1797, at 26, he 

IRON·TURNING LATHE OF 1760, built by Jacques de Vaucanson, is preserved in the 
Conservatoire National des Arts et Metiers in Paris. The heavy framework of solidly 

bolted bars provided great rigidity. The lathe could take a workpiece a meter in length. 

SCREW·CUTTING LATHE OF 1795, also in the Conservatoire National (which supplied 

these two photographs), was built by a machinist named Senot. The lathe includes change 

gears, fixed and following back rests and a set· screw chuck mounted on headstock spindle. 
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founded what became one of the great 
machinery works of England. 

Maudslay approached the problem of 
improving the lathe just as the Indus­
trial Revolution was creating a demand 
for machine parts produced in large 
quantities and to close specifications. He 

brought to th: problem an intuitive 
sense of mecIL:ni::al analysis that had 
been sharpened bv close fami1iarity with 
metalworking techniques and the be­
havior of metals. He quicklv recognized 
the importance of providing perfectly 
Bat surfaces on which to mount the head-

and tailstocks and on which the tailstock 
and tool carriage were to slide. He saw 
that a precision lead screw was essential 
to accurate cutting. And he saw too the 
importance of accuratelv aligned spindle 
bearings and tailstock centers. 

Maudslay began building lathes in 

SCREW-CUTTING LATHE OF 1797 was built by the gifted Eng­

lish machinist Henry Maud,lay when he started his own shop at 

the age of 26. He devoted great effort to producing true guideways, 

highly precise master screws and accurate, rugged bearings. 

ANOTHER MAUDSLAY LATHE was this screw-cutting model 

built around 1800. The guideways are mounted on a separate cast· 
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iron bed supported on solid legs. The machine shown is relatively 

small, but it foreshadows the design of larger industrial lathes. 
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Who can hand you everything - from 30 mil cores to 60% of a computer ? AMPEX 

Want to string your own arrays ? We can give you 
7 sizes, 150 kinds of cores. Want arrays and 
stacks ready-made ? Good. We can also supply 
every possible configuration and frame design­
including word select and coincident current types. 
Don't want to fool around with do-it-yourself items? 
We can help you there, too. We've got the widest 
line of off-the-shelf core memories with random 
and sequential access operating modes. Plus the D finest high and medium speed tape transports. • 

Plus computer tape. Plus the most extensive field 
engineering program today". I n other words: when 
it comes to advanced, reliable computer compo: 
nents, Ampex has them. And the widest possible 
selection. Ampex Computer Products Co., Culver 
City, California. Adivisibri bf thebnlycbmpan"y 
providing recorders, tape and memory devices for 
every application: Ampex Corporation, 934 Charter 
St., Redwood City, California. Sales and 1AMP1EX} service engineers throughout the world. +-��. --�-+ 
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We don't know why anyone would want to slice a light bulb up like 

an onion. But we do think it is an awfully good demonstration of the 

Airbrasive's ability to cut hard brittle materials. Imagine, for example, 

cutting precision slivers like these with a mechanical tool! 

This unique industrial tool is doing jobs that were up to now con­

sidered impossible. Its secret lies in its superfine jet of gas-propelled 

abrasive particles that are capable of precision cutting without shock, 

heat or vibration. Thus the most fragile materials can be shaped, 

drilled, abraded, or cleaned with complete safety. 

Use it to make cuts as fine as 0.008" . . . remove surface coatings 

... debur tiny parts ... wire-strip potentiometers ... adjust microminia­

ture circuits ... cut germanium, silicon, ferrites, glass, ceramics ... in 

the laboratory or on the production line. 
. 

The cost is low, too. For under $1000 you can set up an Airbrasive 

cutting unit in your own shop. 

Selld liS samples of your 
"ill/possible" jobs and let liS 
tes( (helll jar YOIl at no cost. 

BULL:T��
E

6��:. li 

� ; 
Complete information. i:""" > 

;;::--.. ! 

S. S. WHITE INDUSTRIAL DIVISION C"'. ---.::c '1 
Dept. SA • 10 East 40th St., New York 16, N. Y . •  Telephone MU 3·3015 collect. 

1794 and by 1797 had produced his first 
screw-cutting lathe [see upper illustra­
tion 011 page 140]. It could handle work­
pieces up to three feet long and six inches 
in diameter. The bed was formed by two 
triangular bars, which served as guide­
ways for the tool carriage. It was the 
first lathe larger than instrument mak­
er's size to have guideways with precise 
surfaces. In a screw-cutting lathe built 
about 1800, Maudslay incorporated still 
more features of the modern industrial 
lathe [see lower illustration 011 page 
140]. For example, the headstock spin­
dle had a simple set-screw chuck and 
the guideways were mounted on a sepa­
rate cast-iron bed supported on solid 
legs. 

Maudslay was particularly resourceful 
in obtaining master lead screws of high 
precision. He would begin by cutting 
a lead screw first in one direction and 
then in the other to smooth out defects 
in the lead screw used to guide the cut­
ting. Selected sections of this new lead 
screw were used to cut a second screw. 
He also devised a mechanism in which 
two guide screws were linked so that 
their defects would be averaged out in 
guiding the cutting tool. After many ef­
forts of this sort Maudslay had a splen­
did brass screw about seven feet long 
that was only one-sixteenth of an inch 
off from its computed length. This meant 
an error of about .002 inch per turn of 
the thread. He then invented a clever 
linkage by means of which even this 
small error could be corrected. 

Maudslay put an equally great effort 
into the design of precision bearings. 
In one of his large lathes of 1830 he 
incorporated a split journal bearing of 
brass as a front bearing and a tapered 
rear bearing in which the spindle 
journal was held in tapered steel bush­
ings. The lathe also had a remarkable 
feed mechanism, a forerunner of the 
famous Norton gear box, which did not 
appear until 1892. The drive consisted 
of three gears of different sizes mounted 
on the spindle and a small connecting 
gear, or pinion, mounted on a counter­
shaft. The countershaft could be shifted 
so as to engage the pinion with any one 
of the three gears. 

Beyond dispute Maudslav had put 
into one great svnthesis all th� elements 
of the lathe that had gone before. And 
he anticipated features that later were 
to be highly developed. E(!uallv im­
portant was his great influence on a 
number of other toolbuilders-such as 
Richard Roberts and Joseph Whitworth 
-who learned their trade and their 
standards of workmanship in his shops. 
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Instant portable power ... any time, any place 

In this battery-sparked new world of portable convenience, hand tools are driven by their own re­

chargeable batteries ... toys perform their tricks by remote control ... a hearing aid with its 

button-size power cell can be slipped into the ear ... cordless radios and television sets are lively 

companions in the home or outdoors ... missiles and satellites are guided through the vastness of 

space. � Developments like these have brought more than 350 types of EVEREADY batteries into 

use today, 73 years after Union Carbide produced the first commercial dry cell. Ever-longer service 

life and smaller size with power to spare are opening the way for batteries, such as the new alkaline 

cells, to serve hundreds of new uses. � For the future, along with their research in batteries, the 

people of Union Carbide are working on new and unusual power systems, including fuel cells. 

And this is only one of the many fields in which they are active in meeting the growing 

needs of tomorrow's world. 

A HAND IN THINGS TO COME 
LOOK for these other famous Union, Carbide consumer products­

LINDE Stars, PRESTONE anti-freeze and car care products, "6-12" Insect Repellent, DYNEL textile fibers. 
Union Carbide Corporation, 270 Park Avenue, }Yew York 17, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 
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SOLITARY WASPS take prey, which they paralyze by stinging, 

primarily as food for their larvae. This great golden digger wasp, 

BEMBIX PRUINOSA, having prepared a nest in a sand dune, 

approaches the nest carrying a flower fly with its middle legs. 

Bembix is one of the few solitary wasps that bring their larvae fresh 

flrey daily. The photographs on this page were made by the author. 

Sphex ichneumoneus, has taken a large katydid, which it grasps 

with its mandibles. In flight the wasp carries its prey with its legs. 

APHILANTHOPS LATICINCTUS, a highly evolved wasp, preys 

only on one species of harvester ant, which it carries on special. 

ized segments on its abdomen. This Aphilunthops is standing on 

its middle and hind legs and using its front legs to reopen its nest. 
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PREDATORY WASPS 

Solitary wasps prey on spiders and insects to feed their larvae. 

Their highly specific predatory behavior, including choice of prey 

and manner of carrying it, provides clues to the evolution of \vasps 

The sting of bees, wasps and certain 
ants gives these insects a formi­
dable defense against predators. 

In the solitary wasps, however, the sting 
still serves primarily the function for 
which it originally evolved: the taking of 
prey. The solitary wasps are hunters. 
Most familiar in the "digger" or "mud 
dauber" forms, they have diversified into 
hundreds of genera and thousands of 
species in pursuit of their fellow insects 
and other arthropods, such as the spiders. 
Each species tends to specialize, hunting 
down a particular prey and disregarding 
others of similar' size and more ready 
availability. Some restrict their predation 
to a single species or genus and only a 

few claim victims from more than one 
order of arthropods. The affinity of pred­
ator to prey is, in each case, as charac­
teristic of the wasp as the anatomical 
features that distinguish it from other 
wasps. Such specialization of behavior is 
not surprising in view of the difference in 
strategy and tactics required for captur­
ing a caterpillar, for example, compared 
with a fly. The consequent diversity in 
the behavioral repertories of the solitary 
wasps has invited increasing attention in 
recent years, as zoologists have turned 
to the study of the decisive role of be­
havior in the origin of species. 

Solitary wasps are predators of a 
rather special sort. Only a few take prey 
as food for themselves; for the most part 
the adults of all species feed on sugars in 
solution, which they find in the nectar of 
flowers, in ripe fruit or in the honeydew 
secreted by aphids and other plant-suck­
ing insects. The male wasps, in fact, are 
not predators at all and feed exclusively 
on plant exudates. It is the females that 
take prey, and they do so primarily to 
feed their larvae. In this remarkable plan 
of behavior the solitary wasps fore­
shadow the still more elaborate larva­
nurturing of the social Hymenoptera-

by Ho,,'ard E. Evans 

the ants, bees and social wasps-all of 
which apparently arose from certain long 
extinct groups of solitary wasps. (The 
termites arose from an entirely different 
stock, the cockroaches of the order Or­
thoptera.) The solitary wasps in turn 
have derived the elements of their be­
havior-their specificity as to prey, the 
restriction of the predatory habit to the 
female and the consignment of the prey 
to the nurture of the next generation­
from their precursors in the Hymenop­
tera line. 

The most primitive Hymenoptera, on 
the basis of many features of larval and 
adult structure, are the sawflies, and 
these first appear in the fossil record at 
the beginning of the Mesozoic era, some 
200 million years ago. With its saw like 
ovipositor the female deposits its eggs in 
plant tissue. Most species are highly 
host-specific. In the Jurassic, the second 
period of the Mesozoic, the parasitic 
Hymenoptera, including the ichneumon 
wasps, made their appearance. The fe­
male deposits its eggs on or in another 
arthropod (most commonly a plant feed­
er) ; the larvae feed on the host, causing 
its death only when they have completed 
their own development. These insects 
flourished almost immediately and even 
today form an enormous group of many 
thousands of species. Some are equipped 
with ovipositors twice the length of their 
bodies, with which they are able to plant 
their eggs on grubs burrowing deep in 
the trunks of trees. 

For this unique form of parasitism 
O. M. Reuter of the University of Hel­
singfors many years ago coined the 
term "parasitoid." When the true wasps 
appeared toward the end of the Meso­
zoic, they inherited this manner of life; 
some living groups of primitive wasps 
still behave €:ssentially like parasitoids. 
But most wasps paralyze their hosts 
(now called "prey") by stinging them, 

then store them in the nest where the 
egg is laid and larval development takes 
place. The true wasps are no more preda­
tors in the usual sense than the ichneu­
mon wasps are parasites. One might 
perhaps use the term "predatoid" to 
epitomize the origins and gross be­
havior of these insects. 

The adapatation of a particular wasp 
to its prey presents one of the most 

intriguing problems in the study of be­
havior. In two widely separated locali­
ties, the digger wasp Aphilanthops 
laticincttls has been found to prey ex­
clusively on one species: the prairie 
mound-building ant Pogonomynnex oc­
cidentalis. A related species, A. haigi, 
seems to confine its predation to another 
ant, P. barbatus rugoslIs. I have seen 
haigi hunting in areas where a closely 
related ant, P. maricopa, was more abun­
dant, and I have seen these wasps ap­
proach a worker maricopa, back away 
and proceed to hunt barbatus rugosus 
workers. Maricopa appears, however, to 
be the normal prey of another species of 
Aphilanthops, called A. sculleni. Re­
ports of such narrow specialization 
should be further documented; some­
times a wasp that appears highly host­
specific in one region is found to prey on 
another species, although usually a re­
lated species, elsewhere. 

One Aphilanthops, A. frigidus, a com­
mon species in the eastern U.S., is known 
to prey on queen ants instead of workers; 
in museums there are many specimens 
pinned with their prey. Curiously, this 
wasp takes only winged queens at the 
time of their nuptial flight and ignores 
the queens that have lost their wings and 
are seen at times running in numbers 
over the ground. The wasp removes the 
wings from the ant, however, before 
placing it in the brood cell. Without ex­
ception the victims belong to the species 
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a 

FEMALE \V ASPS, members of the family Sphecidae, are depicted 

with some of the insects they prey on (prey ((re shown in color) : 

Cerceris h((lolle with a weevil (a), Sphecius specioslts with a cica. 
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da (b), Stictia carolina with a horsefly (c), Larra analis with an 

immature mole cricket (d) and Ammophila ((rvensis with a moth 

larva (e). The wasps and their prey are drawn about twice life size. 
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Formica fllsca or one of two or three 
other closely related species of the genus 
Formica. 

''''asps more commonly prey on sev­
eral related species of a genus-Cerceris 
'](lione, for example, preys on the long­
beaked weevils of the genus Cwclllio. 
Still more commonly, a given species of 
wasp will prey on several or even many 
genera of one family or several related 
families. The great golden digger, Sphex 
ichneumoneus, takes katydids and long­
horned grasshoppers of several genera in 
at least two subfamilies; Ochleroptera 
bipunctata, a tiny wasp that sometimes 
nests in Howerpots, takes leaf hoppers 
and other plant-sucking insects (Homop­
tera) in five related families. Less com­
monly, a wasp may prey on a wide varie­
ty of insects of a given order. Philanthlls 
pacificus has been found to take prey 
belonging to six different families of 
Hymenoptera, including bees, ichneu­
monids and even other wasps. 

Such host-specificity is the more curi­
ous because the larvae of wasps can of­
ten be induced to develop normally on 
prey (iuite different from that provided 
by the mother. The French naturalist 
Jean Henri Fabre many years ago suc­
�essfully reared Bembix, a predator of 
Hies, on a diet of grasshoppers. Similar 
experiments have been performed by 
Fabre and other investigators on other 
species of wasps. The host must, of 
course, be paralyzed or freshly killed if 
it is to be acceptable. 

F or a wasp to take insects of more 
than one order is unusual, but several 

species are known to do so. Crossocerlls 
qlladrimaclllatlis preys on a wide variety 
of Hies (Diptera) and also occasionally 
takes small moths (Lepidoptera) and 
caddis Hies (Trichoptera). Linden ius 
coiumbianlls errans, a minute wasp that 
happens to be quite common on a sandy 
road near my home in Lexington, Mass., 
fills its nest with a remarkable mixture 
of midges (Diptera), small parasitic 
wasps ( Hymenoptera) and minute bugs 
(Hemiptera). Another unusual wasp is 
Microbembex, which is known to stock 
its brood cells with insects of 10 differ­
ent orders as well as with spiders. The 
victims in this case, however, are picked 
up from the sand already dead or dis­
abled; M icrobembex is the only genus 
of digger wasps that has become a scav­
enger rather than a predator. If one 
wonders why this mode of life is not 
more prevalent among wasps, the an­
swer may be that the scavenger's niche 
was amply filled at an earlier date by 
other Hymenoptera: the ants. 

Many species of wasps take their prey 
in habitats quite different from and of­
ten distant from that in which the new 
adult emerges from the brood cell and 
where she eventually builds the brood 
cells of her offspring. Little is known 
about her initial hunting Hights. These 
must often involve much random Hying 
about before the wasp locates the source 
of prey appropriate to her species. Once 
she arrives in the proper habitat it is 
apparent that an assortment of cues di­
rect her to her prey. In the case of the 
bee wolf, Philanthlls trianglllllm, Niko­
laas Tinbergen of the University of Ox­
ford and his co-workers have observed 
that the wasp Hies from one Hower to 
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another; when she sees a moving object 
on a Hower about the size of a bee, she 
hovers a short distance downwind from 
it. At this point olfactorv cues become 
important: if the object has the odor 
of a bee, the wasp pounces on it. But 
she does not actually sting it unless she 
finds it has the "feel" of a bee. Less 
thorough studies of a number of other 
digger wasps suggest that this succes­
sion of visual-olfactory-tactile cues may 
serve to guide wasps of many different 
species to their prevo The tendency to 
respond to appropriate cues in each of 
these sensory modalities is apparently 
part of the unlearned, genetically deter­
mined behavioral repertory of each 
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SPECIFICITY of prey choice is illustrated in this chart. The major subfamilies (in some 

cases subdivided into tribes) of the Spbecidae, or digger wasps, are arranged at left in 

approximate evolutionary sequence (top to bottom). Their prey, indicated by the colored 

disks, include spiders and many orders of insects. Aside from some exceptional cases that 

are not illustrated here, each subfamily preys on remarkably few different orders of insects. 
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SPIDERS 

SCELIPHRON 

CHALYBION 

ORTHOPTERA 1 LEPIDOPTERA 

----------: ---------------- ----------��:'��----------
SHORT-HORNED : LONG HORNED PLANT DWELLERS 
GRASSHOPPERS i GRASSHOPPERS 

i SPHEX 

PRIONONYX 
PALMODES 

1---------------------- ___ _ 

, ISODONTiA 
------ - -___________ ._ -- - - - - I 

ROACHES i TREE CRICKETS 

._--------------------- ----i TRUE CRICKETS 
PODIUM 

AMMOPHILA 

SOIL DWELLERS 

PODALONIA 

EVOLUTIONARY SCHEME of the suhfamily Sphecinae is based on larval and adult 

structure. Changes in type of prey (shown in black) are correlated with the development 

of wasp tribes and genera (color). In general the advanced wasps prey on advanced insects. 

PARASITIC HYMENOPTERA, which may have been the evolutionary precursors of the 

solitary wasps, lay their eggs on or inside the bodies of other insects or spiders. This para· 

sitic ichneumon wasp, Megarrhyssa macrLtra, has inserted its extremely long ovipositor 

through the bark of a tree in order to lay its egg on the larva of a sawfiy, the pigeon horntail. 
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species_ William Morton Wheeler of 
Harvard University many years ago sug­
gested that the olfactory system of the 
wasp is conditioned in the larval stage 
when it consumes the specimens of its 
future prey captured for it by its mother. 
This seems improbable in view of what 
has already been said about the diversity 
of prey taken by some species; in any 
case, it suggests no corresponding way in 
which the visual components in this be­
havior might be "conditioned." 

Wasps do not normally "make mis­
takes" with respect to prey. I have ac­
cumulated thousands of prey records of 
various North American species of Bern­
bix, and not a single one involves an in­
sect other than a fly (Diptera) _ Yet in 
different parts of its range any one 
species of Bernbix will hunt in quite dif­
ferent habitats and take quite a different 
array of flies_ Wheeler found an Austra­
lian Bernbix preying on damsel flies­
slender insects of the entirely different 
four-winged order Odonata-and postu­
lated that in this region the wasps had 
turned to damsel flies because true flies 
were scarce_ It is <iuite possible, how­
ever, that damsel flies provide the usual 
prey of this Australian Bembix and that 
the species has come to respond innately 
to damsel flies and not to true flies. This 
would represent a comparatively recent 
development in evolution_ 

In nesting aggregations of Bembix 
I have often found the brood cells of 
one individual stocked with nothing but 
horseflies; in the nests of others I have 
found mostly flies captured on flowers; 
in the nests of still others, flies taken on 
carcasses or dung. Apparently once a 
given wasp has located a rich source of 
prey it returns again and again to the 
same place. I have also observed the 
prey taken by a single wasp change in 
character as she built a series of nests, 
indicating that one source of prey had 
become exhausted and another had been 
found. 

Many Diptera-hunters take their prey 
mainly from mammals and in their hunt­
ing flights apparently seek out mam­
mals likely to harbor biting flies_ Stictia 
carolina, a cousin of Bernbix, is known 
as the "horse guard" because it is so fre­
quently seen hovering about the flanks of 
horses and cattle, whence it snatches 
horseflies. Joseph C. Bequaert of Har­
vard University has observed small 
wasps of the genus Oxybeilis pouncing 
on, stinging and carrying away black 
flies from the skin of human beings in 
Guatemala. 

Although one is most likely to see 
wasps hunting in broad daylight in the 
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open air, this must not obscure the fact 
that important species do their hunting 
under entirely different circumstances. 
Wasps that prey on crickets and cock­
roaches do most of their hunting on the 
ground, creeping into crevices under 
stones and fallen timber and into holes 
in the ground. Diggers of the genus 
Podalonia unearth cutworms from the 
soil. One species of Bembix does all 
its hunting just at twilight, preying on 
Diptera that have come to rest for the 
night in vegetation. The members of 
the genus Argogorytes have a still 
stranger specialization: they extract im­
mature spittle insects from their masses 
of supposedly protective froth on the 
stalks of plants. 

The stinging of the prey that follows 
capture is a relatively stereotyped se­
fluence of motions that differs from one 
major group of wasps to another in ap­
parent adaptation to the anatomy and 
physiology of the prey. Andre Steiner of 
the University of Montpellier has ob­
served that Li1'is nigm stings its cricket 
prey first in the vicinity of the nerve 
ganglion controlling the hind legs-the 
jumping legs-and then twice more in the 
vicinity of the ganglia controlling the 

other two pairs of legs. As Fabre first 
pointed out, the hunters of caterpillars 
sting their prey not only on the thorax but 
also several times along the underside of 
the abdomen. In caterpillars the "pro­
legs" on the abdominal segments of the 
body are as important in locomotion as 
the thoracic legs, if not more so, and the 
nervous system is not highly concen­
trated in the thorax. On the other Land, 
there is much evidence that the preda­
tors of leaf hoppers, cicadas and other 
Homoptera, in which the nerve ganglia 
are concentrated in a single large mass in 
the thorax, administer a single, pro­
longed sting in the vicinity of this nerve 
center. Wasps that prey on other mem­
bers of the order Hymenoptera also gen­
erally insert the sting only once. 

The extensive literature that explains 
the stinging behavior of wasps in terms 
of the neural anatomy of the victim may 
have to undergo revision as the result 
of the recent work of Werner Rathmayer 
of the University of Munich. He ob­
served that the bee wolf inserts its sting 
into the honeybee only once, in the 
membrane around the coxae, or anchor 
segments, of the front legs on the under­
side of the thorax, and that the stinging 

lasts from 20 to 50 seconds. By careful 
dissection of the victims Rathmayer was 
able to show that the sting does not nor­
mally penetrate the ganglion. Instead the 
venom diffuses from the point of injec­
tion into the flight muscles and the mus­
cles controlling the legs. 

Rathmayer's finding that the venom 
does not act directly on or through the 
nervous system is well documented. It 
may be that the stings are inflicted 
through the underside of the thorax not 
because of the presence there of nerve 
ganglia but because "chinks in the ar­
mor" around the coxae give ready access 
to the muscles of locomotion. Rathmayer 
also found, incidentally, that a com­
ponent in the blood of the bee wolf 
makes it immune to its own venom but 
that this does not protect it against in­
jection of its venom directly into a gan­
glion. Palarus variegattls, a wasp that 
preys on other wasps, including the bee 
wolf, is also immune to wasp venom. 

In the not yet completed task of clas­
sifying wasps, the study of behavior and 
particularly of prey selection has begun 
to shed light on difficult problems. Work­
ers in our laboratory at Harvard Univer­
sity have recently divided one genus of 

~ RClMIVlLY HOSTSPlCIFIC H IGHLY HOST· SPECI FIC 

RELATIVELY NON HOST SPECI"IC 

GENER AL SCAVENGER 

APHILANTHOPS 

(PHILANTHINAE) 

CROSSOCERUS 

(CRABRONINAE) 

MICROBEMBEX 
(NYSSONINAE) 

PREY ARE SPIDERS OR INSECTS 

PREY ARE INSECTS WITH 
COMPLETE METAMORPHOS,:;: 

LARVAE ill I H SI\llFU '�E1AMURFHOSIS --... �,-- --.::,. 
ADULTS 

AMMOPHILA 

(SPHECIN AE )  
PHILANTHUS 

(pHILANTHINAE) 
PRIONONYX 

(SPHECINAE) 

AMPULEX 

PREY S LN'GER THA'J WASP -----�> PREY IS SMALLER THAN VvASP _ 
CRABRO 

(CR ABRONIN AE )  
(A MPUlICINAE) 

r) TAl< EN [L SE TI� I,EST _____ �> PREY T/IKEN AT VAR I AC E 
DISTANCES FROM \JEST 

OXYBELUS 

(CR ABRONINAE) 

r, ('-< 
I 1 //' [' -.... " ) 

ADAPTIVE RADIATION of predatory behavior in the Sphecidae 

is illustrated in this chart. Characteristics of the behavior of the 

more primitive wasps are shown at the left with two examples 

(black) of wasps typical of this group. The arrows show how those 

PREY CARRIED '. Fe ;' ,  j 

HELD WITH \;1.\,\ 

Hf ) iVl e ',110 

SPHEX 

(SRHECINAE) 
BEMBIX 
(NYSSONINAE) 
OXYBELUS 

(CRABRONINAE) 

characteristics have changed in the direction of more specializa. 

tion and more advanced predatory techniques. This more advanced 

behavior is exhibited by many wasps; those listed at the right 

(black) are merely genera of which each behavioral item is typical. 
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the tribe Bembicini into two: Stictiella, 
which has been found to provision its 
nests exclusively with moths and but­
terflies, and Glenostictia, which feeds 
its larvae from dav to dav on flies. . . 

Father Aloys Adriaanse of Tilburg in the 
Netherlands has carried this kind of dis­
crimination of the species level, separat­
ing Ammophila campestris, which preys 
on the larvae of sawflies, from its sibling 

species A. pubescel1s, which preys on the 
larvae of moths. 

The major steps in the evolution of 
wasps were taken millions of years ago. 
Many of the wasps found in Baltic 
amber look much like contemporary 
wasps, and it is probably safe to assume 
that many of them behaved much the 
way their relatives do today. Hence 
it is not surprising to find that those 

MUD DAUBER, Sceliphron caementrtrium, huilds a substantial nest two or three inches 

across. The photographs on this page were made by William P. Nye and George E. Bohart. 

NEST IS CUT OPEN, revealing parts of two separate cells stocked with paralyzed spiders to 

feed the larvae. The wasp's egg is the translucent ovoid object inside the white square. 
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groups of wasps tbat are ranked as prim­
itive on the basis of their structure and 
generally simpler behavior patterns prev 
largely on orders of insects considered 
low on the evolutionary scale. The Am­
pulicinae, for example, are an isolated 
and probably relict group of digger 
wasps; they limit their predation to cock­
roaches, dominant insects of earlier geo­
logic time. Other roach-hunters turn up 
in the relatively primitive subfamilies 
Sphecinae and Larrinae, most of whose 
members are adapted to the now more 
dominant groups of Orthoptera, such as 
crickets and grasshoppers. Spiders, an 
arthropod order of ancient origin, also 
serve as prey for certain Sphecinae and 
Larrinae and do not attract predation by 
more advanced digger wasps. Corre­
spondingly, the more advanced wasps 
take as their prey more advanced insects, 
such as flies, bees and beetles, that go 
through complete metamorphosis. The 
higher flies underwent most of their 
radiation during the Tertiarv period, 
which began some 60 million years ago, 
and several groups of structurally ad­
vanced wasps quickly took advantage of 
them. 

In the secluence of evolutionary devel-
. opment that begins to emerge from 

studv of these relations, the size of the 
prey compared with thc size of the wasp 
emerges as a significant factor. Once the 
prey has been immobilized it must be 
carried back to the nest. Obviouslv the 
sizc of the prey must strongly infl�ence 
the mode in which the wasp transports 
it. Since primitive wasps generally in­
stal! only a single victim in each brood 
cell, they must take prey as large as or 
larger than thcmselves if their larvae 
are to have enough food to reach full 
size. In this they betrav their more im­
mediate derivation from the parasitoid 
Hymenoptera, which are invariablv 
smaller than their hosts. The more prim­
itive wasps accordingly drag their prey 
over the ground, grasping the victim in 
their mandibles. Some beat their wings 
to facilitate their progress and some 
drag their prey up on a high object 
and glide off with it. As might be ex­
pected, they cannot cover much ground 
bv these methods, and they nest cor­
respondingly close to the habitat of their 
prey. Wasps of the genus Priol1ol1Yx, 
for example, nest in bare spots on the 
prairie, where their grasshopper prey 
abounds. 

"'Tasps of the related genus Sphex 
illustrate the first stage of progress be­
yond this simple pattern of behavior. 
They hunt green meadow grasshoppers 
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AT RADIATION. IDEAS BECOME REALITY 
Examp,le: Antennas of diversified design 

An effective antenna must provide far more than a sum of its 
parts. For maximum efficiency, it must be considered an integral 
part of an entire system rather than an individual component. 
That's why Radiation engineers experienced in complete sys­
tems development consistently base final design parameters on 
ultimate application. The success of this system oriented ap­
proach is evidenced by scores of Radiation antennas sweeping 
the skies from the Pacific to the Atlantic Missile Ranges. 

Thus, Radiation has developed more experience in auto­
matic tracking antenna design and application of telemetry 
techniques than any other company. A 12-foot dish antenna, 
featuring new all solid-state tracking servo system and mode 
switching logic, is now under development for the X-20 (Dyna 
Soar) program. Two high-gain, wideband 85-foot antenna 
systems will soon be put into service on the Atlantic and Pacific 
Missile Ranges. Radiation quad-helix array antennas with 

phase monopulse tracking have been delivered for Bell's 
Telstar Proiect. And now, Radiation's broad-band "Telscom" 
antenna is available. Telscom combines acquisition and track­
ing operations for telemetry, surveillance and communications 
and operates from 200 to 2,300 Me. 

These examples illustrate Radiation's unique contributions 
through advanced research and production techniques. If 
your interest lies in this field, you'll find a challenging and re­
warding future at Radiation. Write for more information or 
send your resume to: Personnel Director, Dept. SA-4, Radiotion 
Incorporated, Melbourne, Florida. Radiation is on equal 
opportunity employer. 

RADIATION 
Me/bourne 

A Division of Radiation Incorporated 

Ground/Spacecraft Information Hondling Systems - Automotic Checkout- RF Systems - Monufacturing 
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3 Practical 
approaches to 
programming 

These basic types of Industrial 

Timer Programmers provide fast, 

practical solutions to a wide variety 

of automatic control problems rang. 

ing from blooming mill control to 

automatic chemical batching and 

quality testing of finished products. 

Relatively simple in design they 

are very reliable and operate from 

punched cards or punched tapes, 

providing direct coritrol without 

coding or decoding. Each type is 

fully discussed in individual bulle· 

tins mailed same day your request 
is received. 

Card Reader Controls 85 load cir· 

cuits through 30 functions. 6" x 9" 
Mylar card is read one row at a time 

by br u s h  a n d  c o n t a c t  r e a d i n g  

assembly. Bulletin nOO 

Programming Cam Timers Operate 

from 1 to 21 circuits in any of 600 

time cycles ranging from 2/3 sec. to 

72 hours (3 days). Bulletin #200 

80 Column Card Reader Statically 

reads standard 80 column data 

processing card. Provides simulta· 

neous access to all 960 contact pins 

on output side of card. Bulletin #101 

Do you have a timing problem? If so, 

we'd like to hear about it. In any 

case, write for one of our catalogs. 
I. Timing Controls-50 pages. 
2. Relays-30 pages. 
3. Photographic Products-18 pages. 

_INDUSTRIAL � TIMER CORPORATION 
104 U.S. Highway 287. Parsippany. N. J. 
In Canada: Sperry Gyroscope Ottawa limited, Ont. 
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in tall weeds and bushes, and yet they 
make their nests in bare sand and gravel. 
They are able to transport their victims 
considerable distances in flight because 
they take smaller prey. And because the 
grasshoppers are smaller the wasps must 
supply several of them to each larva. A 
species of the genus Pemphredon simi­
larly may gather aphids in habitats far 
removed from the soft wood in which it 
constructs .its galleries; this wasp flies 
back and forth between its hunting 
grounds and nest many times a day. 

J\l.l of these species carry their prey 
in their mandibles. As a result they 

cannot dig while holding their prey, 
because it is held so far forward that it 
obstructs the use of their front legs. 
These wasps must leave their nests open 
or, if they close them, must put down the 
prey while they scrape open the en­
trance. Either of those actions exposes 
the prey or the contents of the nest to the 
attacks of a variety of parasites. The next 
breakthrough in the evolution of the 
digger wasps came, therefore, with the 
development of what I have called pedal 
prey-carrying mechanisms. Wasps that 

have made this advance grasp their prey 
in their middle and hind legs or in their 
middle or hind legs only, thereby leav­
ing their front legs and mandibles free. 
They close the nest entrance when they 
leave and they are able to open it readily 
when they return while still holding 
their prey. Since the prey is carried well 
back beneath the body close to the cen­
ter of equilibrium in flight, the pedal 
mechanisms greatly enhance the carry­
ing efficiency of these wasps. Four sub­
families have made this breakthrough, 
and some members of two of those sub­
families have made the further advance 
to what I have called abdominal mech­
anisms, carrying the prey on their sting 
and, in one genus, on special modifica­
tions of the segments at the end of their 
abdomen. 

This significant trend in the evolution 
of more advanced wasps would not have 
been possible without a parallel adapta­
tion toward smaller prey. The more ad­
vanced prey-carrying mechanisms thus 
emerge as part of the great adaptive 
radiation in behavior that distinguishes 
the numerous advanced types of digger 
wasps, a radiation that was influenced 

BEMBIX LARVA is seen in a rearing tin, feeding on flies of val'ious kinds that have been 

supplied by the mother. A wasp of this genus stocks 20 to 40 flies in each celt of the nest. 
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Decision-Making: Logistics Support . • •  What, Where, When? 

Centuries ago the critical factor in logistics 
support was providing basic supplies­
food, armaments, raw materials for simple 
industries. /'( few decades ago, carrying 
capacity-sea and land transportation­
ruled-as the decisive element. Within the 
last deca,de, a new critical element in, 
logistics �upport has emerged. It has been 
crei;!ted by 'the complex, interfacing ,gov­
ernmental, industrial and military struc.ture 
of today. ,This new factor is up-to-the-

, ,minute information -gathered from afar, 
varied in content, immense in volume: 

To help provide and control this flow of 
information, SOC scientists, and engineers 

have helped create a new technology: in­
formation systems which aid managers in 
determining the "what, where and when" 
of logistics support for world-wide and 
continental activities and forces. 

In developing these systems which pro­
vide information processing assistance, 
SOC scientists and engineers have 'evolved 
an interdisciplinary approach. Teams of 
operations research scientists, engineers, 
computer programmers and human factors 
scientists work together in these major 
system development steps: analyzing the 
system, synthesizing the system, instruct­
ing computers within the system, training 

the system, evaluating the system-and 
helping adapt the system to the changing 
needs of its users. 

Scientists and engineers interested in join­
ing this growing field are invited to write 
Dr. H. H. Best, SOC, 2430 Colorado Ave., 
Santa Monica, California. Positions are 
open at SOC f.acilities in Santa' Monica; 
Washington, O. c.; Lexington, Massachu­
setts; Paramus, New Jersey; Dayton, Ohio. 
"An equal opportunity employer" 

�SDC 
System Development Corporation 

21-901 
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.4 Acradrive/22 hydraulic 

servo motors orient the Hay­

stack antenna at North 

Tyngsboro, Mass. in azimuth 

and elevation. 

• If your project· requires 

controlled movement with 

q u i ck response a t  slow 

speeds, write to Cimtrol 

Division, The Cincinna ti 

Milling Machine Company, 

Cincinnati 9, Ohio. Ask for 

Publication M-2281A . 

6; .. 
.tII 
Acradrive/22 Motor 

(exploded view) 

Weight 156 lb.; Diameter 12'12 in. 

illj11!� 
CINCINNATI 
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AMMOPHILA URNARIA grasps a large leaf.eating caterpillar with its mandibles and 

front legs. The photograph, like most of those illustrating this article, was made by author. 

not only by the availability of food 
niches but also by the pressure of para­
sites, by the independent evolution of 
complex nest-building behavior and by 
other factors that can be only dimly sur­
mised. 

A listing of the major groups of digger 
wasps in the probable order of their 

emergence as indicated by their mor­
phology shows excellent concordance 
with changes in type of prey and in 
hunting and prey-carrying behavior. The 
crossing over of a line of wasps to a new 
type of prey clearly represents the inva­
sion and occupation of a new adaptive 
zone. This has frequently resulted in di­
versification in the new zone and inva­
sion of still further, previously inacces­
sible adaptive zones and subzones. Thus 
the emergence of new, successful groups 
of insects provided in the course of time 
a multitude of unoccupied or incom­
pletely occupied niches into which most 
of the solitary wasps sooner or later 
moved. 

What is remarkable about the solitary 
wasps is the thoroughness with which 
they pursued the evolutionary diversifi­
cation of the arthropod phylum. Many 
of the arthropods preyed on are them­
selves predators; others exhibit protective 
coloration that appears to protect them 
from predators other than wasps; still 
others are mimics of stinging insects or 
are armed with chemical defense mech­
anisms that seem to hold other preda­
tors at bay. Preying mantids, those arch­
predators of the insect world, are 
themselves the prey of at least two gen­
era of wasps. The tree hoppers that look 
so remarkably like rose thorns and 

caterpillars that look like twigs are each 
preyed on by certain wasps. Diptera­
hunters such as Bembix capture drone 
Hies and other bee mimics, but bee­
hunters such as Philanthus spurn bee 
mimics even under experimental condi­
tions. The stink bugs, the defensive se­
cretions of which are too well known to 
rcquire comment, supply the brood cells 
of wasps of three separate and unrelated 
genera. Black widow spiders are fre­
quently taken by blue mud daubers. 
Many formidable stingers, including 
worker harvester ants, bees of many 
kinds (not excluding bumblebees) and 
other wasps (not excluding social forms) , 
are among the prey of solitary wasps. 
Evidently the various mechanisms of de­
fense, deception and concealment elabo­
rated by the insect world are primadly 
adapted to protect their possessors from 
predation by vertebrates, since they do 
not protect them from the solitary wasps. 

The solitary wasps are esteemed by 
entomologists not only as subjects but 
also as colleagues of a sort. A small spe­
cies of Philanthus nesting in my back 
yard a few years ago collected three new 
species of bees; these have since been 
described, one of them being named ap­
propriately philanthal111s. The prize ex­
ample of this collaboration comes from 
the Congo. In 1915 Herbert Lang of the 
American Museum of Natural History 
trained several native assistants to collect 
Hies being brought to their nests by Bem­
bix dira. Among the nearly 1,000 Hies 
brought in by the wasps there were more 
than 200 species belonging to 14 fami­
lies. A great many thus collected were 
new to science, and several have not 
been rediscovered since! 
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Could you use the help of a free Financial Advisor ? 
( GETTING HELP, AND USING IT, DEPENDS A LOT ON YO U.  READ WHY. ) 

Suppose one of the most successful 
businessmen in town was an old 
friend of yours, interested in your 
financial future and always ready to 
help you with advice and counsel. 
Suppose he was even willing to lend 
you money to help you build that 
future - and lend it at rates lower 
than you could get anywhere else . 

There's  not much doubt that this 
kind of free "financial advisor" would 
give you an edge in achieving finan­
cial independence . Well, this kind of 
advisor does exist, and getting him 
on your team is  mostly up to you . 

M a k e  a F u l l  S e r v i c e  b a n k  

y o u r  "fi n a n c i a l a d v i s o r. "  

M o s t  knowledgeable people have 
come to rely on a Full Service com­
mercial b ank as their "financial ad­
visor . "  There are three steps they 
recommend for getting this kind of 
assistance . Study them carefully. 

1 .  Select a Full Service bank and not 
just any financial institution . You can 
distinguish a Full Service commer­
cial bank because it is the only finan­
cial institution permitted by law to 
provide checking accounts . 

2 .  Make this bank headquarters for 
all your financial business, including 
your checking account and savings 
account. Get to know the people at 
the bank personally . 

3 .  Whenever you need some extra 
money for a worthwhile purpose, bor­
row it from this bank instead of dip­
ping into your s avings . Then, pay it 
back exactly as promised .  (This does 
wonders for your credit reputation .) 

G et to k n o w y o u r  b a n k e r  

befo re yo u n e e d  h i m .  

When you're ready to make a major 
financial move - like buying a house, 
or sending the youngsters to college, 
or taking advantage of a business op-

portunity-you'll have the advice and 
counsel of your Full Service bank. 
Most important, the bank can help 
you borrow the money you want on 
terms to suit  your needs .  Unlike 
other types of financial institutions, a 
Full Service commercial bank can 
lend money for practically any pur­
pose . And lend it at low bank rates .  

Thus, your savings account, your 
checking account, your history of 
loans p aid in full, have given you a 
real and useful "financial advisor"­
a Full Service commercial bank. But 
the first step is up to you. If you are 
seriously  interested in building a 
sound and secure financial future, it  
will  pay you to get acquainted with 
a Full Service commercial bank.  
Right away isn't too soon . 

�!* Your Full Service 
�BANK Jl.. 
Il'\'SERVlCE1A CommerciaL Bank *�® 

C O P Y I'I I G H T  1963 / F O U N D A T I O N  F O R  C O M M E. R C , A l  e A N I( S  I P H i l "  1. P ... . 

1 5 5 
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MT-3S: THE MOST 
RELIABLE TRANSPORT 
in its price range 

The Potter MT-36 Digital Ma�netic 
Tape Transport offers maXimum 
reliability for computer systems 
requiring an economical transport. 
The Potter MT-36 features: 

• NO PROGRAM RESTRICTIONS . . . 
up to 200 commands per second 
at 36 ips. 

• SOLID STATE CIRCUITRY • . •  
photo electric sensing minimizes 
the need for switches and relays. 

• VACUUM TROUGH GUIDES . . • 
provide smooth tape stops. 

• IMPROVED PINCH-ROLLER CIR. 
CUlTS . . . offer fast tape starts 
and stops. 

• EASE OF MAINTENANCE . . .  drive 
electronics and fully regulated 
power supply are mounted on 
individual plug-in boards. 

• RAPID TAPE THREADING ... Just 
15 s e c o n d s  f o r  c o m p le t e  
t h r e a d i n g. 

• BUILT IN TAPE CLEANER • • •  
vacuum on trough guide removes 
all loose oxide and dust. 

For full information and specifi· 
cations on the MT-36 Dil!ital Mag­
netic Tape Transport. wnte today. 

POTTER INSTRUMENT CO" INC. 

TAPE TRANSPORT DIVISION 
151 Sunn1J.ide Boulevard. Plainview. New York 
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MATHEMATICAL GAMES 
A bit of foolishness 
for April Fools' Day-

by Martin Gardner 

I
n keeping with the spirit of April 

Fools' Day, which is close to the day 
on which this issue goes to sub­

scribers, a collection of 37 short prob­
lems is presented in the hope of "catch­
ing" as many readers as possible. Every 
problem conceals some sort of joke. None 
is mathematically significant. For this 
reason the answers are given at the end 
of this month's department instead of 
being withheld until next month. The 
reader is urged, however, not to peek 
until he has made at least a semiserious 
attempt to answer as many of the ques­
tions as possible. 

l. Three Navaho women sit side by 
side on the ground. The first woman, 
who is sitting on a goatskin, has a son 
who weighs 140 pounds. The second 
woman, who is sitting on a deerskin, 
has a son who weighs 160 pounds. The 
third woman, who weighs 300 pounds, 
is sitting on a hippopotamus skin. What 
famous geometric theorem does this 
symbolize? 

2. A tired physicist went to bed at 10 
o'clock one night after setting his alarm 
clock for noon the following day. When 
the alarm woke him, how many hours 
had he slept? 

3. Joe throws an ordinary die, then 
Moe throws the same die. What is the 
probability that Joe will throw a higher 
number than Moe? 

4. What is the exact opposite of "not 
in"? 

5. On level ground a 10-foot pole 
stands a certain distance from a IS-foot 
pole [see top illustration on page 158]. 
If lines are drawn from the top of each 
pole to the bottom of the other as shown, 
the lines intersect at a point six feet 
above the ground. \Vhat is the distance 
between the poles? 

6. "How much will one cost?" 
"Twenty cents," replied the clerk in 

the hardware store. 
"And how much will twelve cost?" 

"Forty cents." 
"Okay. I'll take nine hundred and 

twelve." 
"That will be sixty cents." 
What was the customer buying? 
7. A triangle has sides of 13, IS and 

31 inches. \Vhat is the triangle's area? 
S. What familiar English word is in­

variably pronounced wrong by every 
mathematician at the Institute for Ad­
vanced Study in Princeton, N.J.? 

9. John Kennedy was born in 1917. He 
became president in 1960. His age is 46 
and he has been in office 3 years. The 
sum of these four numbers is 3,926. 
Charles de Gaulle was born in IS90. He 
became president of France in 1955. His 
age is 73 and be has been in office 5 
years. The sum of these four numbers 
also is 3,926. Can vou explain this re­
markable coincidence? 

10. \Vhat angle is made by the two 
colored lines on the cube in the bottom 
illustration on page ISS? 

11. Rearrange the letters of l\" EW Doon 

to make one word. 
12. The edge of a reservoir is a per­

fect circle. A fish starts at a point on the 
edge and swims due north for 600 feet, 
which takes him to the edge again. He 
then swims due east, reaching the edge 

A die is thrown by Moe and Joe 
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asks basic questions in programming 

How can we make computers more accessible? 

Existing systems which process programs sequentially may 
take considerable time to return processed results. There­

fore, IBM is exploring a theoretical system which would 
cycle several programs through the central processing unit 
(CPU) at extremely short intervals. This approach could 

achieve superior user response time by effectively giving 
each program immediate access to the CPU. The proposed 
system combines multiprocessing and multiprogramming 
techniques. It would use an IBM 7090, together with a pro­

grammed multiplexing system, to transfer messages in and 
out of core memory without bothering the CPU. Built-in 
protection would keep programs in memory from being 
destroyed by programs using the CPU. Drum storage units 
with fast access time would store partially executed pro­
grams with a disk file providing auxiliary storage. 

Governed by a supervisory multiprogramming system, pro­
grams would cycle between memory and the drum storage, 
receiving a "slice" of processing time each time they 
reached the head of the queue. The supervisor would allo­
cate memory space, maintain work schedules, assign va­

cated processing facilities, and monitor the interrupt sys­
tem. By overlapping input-output operations and time­
sharing the CPU, systems like this may make future com­
puters more convenient to use as well as more efficient to 
operate. If you are interested in making important contri­
butions in programming systems Oi other fields in which 
I BM scientists and engineers are finding answers to basic 
questions, write to: Manager of Employment, I BM Corpo­
ration, Department 659D, 590 Madison Avenue, New York 
22, New York. IBM is an Equal Opportunity Employer. 
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FREE: Write for more complete product 
data on tungsten and moly. We'll send 
along a useful tool, too: a tungsten/moly 
weight conversion slide-rule calculator. 
General Electric Co., Lamp Metals & 
C o mpo n e n t s  De pt.,  SA-32, 21800 

10' 

6' 

What is the distlince between the [Joles? 

after going 800 feet. What is the reser­
voir's diameter? 

13. A statistician gave mathematical 
tests to everyone who lived in a village 
of 6,000 people and at the same time 
measured the lengths of their feet. He 
found a strong correlation between 
mathematical ability and foot size. Ex­
plain. 

14. Roy C. Biv, of Rainbow, Ore., 
wants to know what familiar continuum 
is expressed by the following wore!s: 
flushee!, New Jersey town, cowardly, 
naive, depressed, dyestuff, shrinker. 

15. Write a simple formula with onlv 
the one variable, x, such that when any 
positive integer is substituted for x, the 
formula is sure to give a prime number. 

16. A man wishes to build a house on 
a large triangular plot oF" lane!, then to 
construct three straight roads, each lead­
ing from the house to a sie!e of the tri­
angle and each road perpendicular to the 
side. The triangle is equilateral. vVhere 
should he place his house in order to 
minimize the sum of the lengths of the 
three roads? 

17. Divide 50 by 112 and add 3. What 
is the result? 

18. In the following line of letters cross 
out six letters so that the remaining let­
ters, without altering their sequence, will 
spell a familiar English word: 

B S A INX L E A TNT E A R S  

19. A topologist bought seven dough-

Tungsten Road, Cleveland 17, Ohio. What (Ingle is made by the colored lines? 
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"cradle of 
industrial research" 

Many of the scientific developments 
that will shape tomorrow's world 
are germinating right now in New 
Jersey's more than 500 industrial 
research institutions. The smaller 
manufacturer who does not have 
his own research staff can easily 
find top-notch facilities and person­
nel available close by to help work 
out his problems. 

Because of its great contributions 
in such fields as electricity, elec­
tronics, chemistry, metallurgy and 
aviation, New Jersey has been 
called "the cradle of industrial re­
search". Your executive and techni­
cal people will find a stimulating 
environment here, and ample op­
portunity for advanced study. 

Write for our 40-page, "New Jer­
sey Industrial Guide". 

Department of Conservation and Economic Developmen\ 
Promotion Section 951-W 

520 East State Street, Trenton 25, New Jersey 

NEWdERSEY 
Bureau of Commerce, 

in the 
geographic 
center of 

the world's 
richest 
market 
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How to measure diameter liS the fish swims 

nuts and ate all but three. How many 
were left? 

20. In going over his books one day a 
bookkeeper for a toy company noticed 
that the word "balloon" had two sets of 
double letters, one following the other. 
"I wonder," he said to himself, "if there 
is an English word containing three sets 
of double letters, one right after the 
other." Such a word appears on this 
page. Can you find it? 

21. The colored lines in the bottom il­
lustration on page 163 are bisectors of 
the two base angles of a triangle. They 
intersect at right angles. Leo Moser of 
the University of Alberta asks: If the 
base of the triangle is 10 inches, what is 
its altitude? 

22. How many months have 30 days? 
23. Mrs. Smith wants to stop smoking 

after she finishes her last remaining nine 
cigarettes. She can make a new cigarette 
by wrapping three butts in a piece of 
cigarette paper. If she uses this tech­
nique as many times as she can, how 
many cigarettes can she smoke before 
she finally quits? 

24. The following limerick was com­
posed by Leigh Mercer of London. Can 
you read it correctly? 

1,264,853,971.2758463 

25. "Here are three pills," a doctor 
says to you. "Take one every half-hour." 
You comply. How long will your pills 
last? 

26. One hundred and thirty-seven men 
have signed up for an elimination tennis 
tournament. All players are to be paired 
for the first round, but because 137 is an 
odd number one player gets a bye, which 
promotes him to the next round. The 
pairing continues on each round, with a 
bye to any player left over. If the sched­
ule is planned so that a minimum num­
ber of matches is required to determine 
the champion, how many matches must 
be played? 

27. Find a word of 10 letters that can 

SYSTEMS MEN: 
CONTACT MITRE 

Because of the increasing need for more ad· 

vanced defense systems, MITRE is expanding 

its technical staff. 

MITRE's prime mission: 

• To design, develop and help put into opera· 

tion global command and control systems 

for national defense. 

• To analyze and integrate existing systems. 

• To design new sensory, communications. 

and display systems. 

• To explore every possible technique that 

might give the military commander extra 

seconds for decision and action. 

Beginning with SAGE and continuing through 

BMEWS, NORAD Combat Operations Center, 

Nuclear Detection and Reporting System, and 

systems yet unnamed, MITRE is making im· 

portant contributions both to national defense 

and to systems development. 

At MITRE the approach is purely scientific and 

interdisciplinary. You work on the leading edge 

of command and control technology. 

Today, at MITRE, there is a broad range of op· 

portunity for competent and creative scien· 

tists and engineers. You would be part of a 

team that is dOing original, important, and 

challenging work in areas ranging from con· 

ceptual system design to electromagnetic 

intelligence projects to new computer appli· 

cations to survivability techniques. 

Here are listed the specific assignments now 

available - and information about how to get 

started, today, towards a rewarding career at 

MITRE. 

Currently assignments are 

broad areas: 

Management Systems 

Data Processing 
Development 

Computer Applications 

Air Defense 
Systems Design 

Operations Research 

Communications 

Human Factors 

Range Instrumentation 

available in the following 

Advanced Systems 

System Cost AnalYSis 

Econometrics 

Radar Systems 
and Techni.Q ues 

Air Traffic Control 

Space Surveillance 

Space Systems 
Command and Control 

• Astrodynamics 

Minimum requirements, B.S., or M.S., or 

Ph.D. in these diSCiplines: electronics, phYSics, 

and mathematics. MITRE is located in pleas· 

ant, suburban Boston. Rewards are competi· 

tive. Write, in confidence, to Vice President -

Technical Operations, The MITRE Corporation, 

P.O. Box 208R, Bedford, Massachusetts. 

THE ______ _ 

MITRE 
CORPORATION 

A" Equal Opportunity Employer 

Pioneer in the deSign and development of command and control systems, MITRE was 
chartered in 1958 to serve only the United States Government. The independent non· 
profit firm is technical advisor and system engineer for the Air Force Electronic Systems 
Division and also serves the Federal Aviation Agency and the Department of Defense. 

159 

© 1963 SCIENTIFIC AMERICAN, INC



how to 
brighten 
the 
batch 

For now we see through a glass, 
darkly . . •  Whether your liquid 
contaminants are dissolved or col· 
loidal tlley darken the sales appeal 
of your product. Granular or pow­
dered activated carbon decoloriz­
ing will brigllten the batch when 
nothing else will. You'll face clear 
profits through the glass. 

how to 
blow (g 
a buck �<s 

Dry cleaners blow dollars back 
into their pockets with activated 
carbon solvent recovery systems. 
Perchlorethylene vapors are lost 
to the air from the cleaning rna· 
chine and tumbler. The perc is 
recovered at 2c to 6c a gallon 
when this air is blown through ac­
tivated carbon. Why not clean up 
on you r operation. 

how to ·'�/./ 
speed a AIIIIIi� 
reaction �\'" 

Whether you're working from CO 
and CI, to COCI,. or NO, and 0 
(air and water) to HNO, you can 
get it PDQ with an activated car· 
bon catalyst. It's not sensitive or 
temperamental either. Give us a 
call and see how fast we react. 

activated 
charcoal 

Activated charcoal acts as a mo­
lecular sponge, purifies air, gases, 
liquids - recovers solvents - re­
moves odors and impurities. Write 
for Bullet i n  60·6A. Barnebey­
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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be typed by using only the top row of 
letters on a typewriter. 

28. A box contains two U:S. coins that 
together total 55 cents. One is not a 
nickel. What are the coins? 

29. A fish weighs 20 pounds plus half 
its own weight. How much does it 
weigh? 

30. The following telegram was re­
cently composed by Roger Angell, a 
writer on the staff of The New Yorker: 

"MARGE, LET DA�'I DOGS II\". AlVI ON 
SATIRE; vow I AM CAlK, AM OK SPOT, AM 

A JAP SNIPER. RED, RAW MURDER ON GIl 

IGNORE DRUM ... WARDER REPINS PAJAMA 

TOPS ... NO MANIAC, MAl IWO VERITAS: 

NO MAN IS GOD.-MAD TELEGHAM." 

What is so remarkable about this mes­
sage? 

31. D. G. Prinz, a mathematician with 
Ferranti Ltd. in Manchester, England, 
discovered the following symmetrical 
efillation: 

x III 
III III II I 

What is the value of x? (Hint: Each 
set of "JI I" can be interpreted in three 
different ways.) 

32. Arrange six glasses in a row as 
shown in the top illustration on page 
166. The first three glasses are filled with 
water, the last three are empty. By mov­
ing one glass only, change the arrange­
ment so that the glasses alternate empty 
with full. 

33. A wheel has 10 spokes. How many 
spaces does it have between spokes? 

34. "The number of words in this sen­
tence is nine." The sentence just quoted 
is obviously true. The opposite of a true 

A house blli.lder's triangular problem 

The bookkeeper "nd his balloon 

statement is usually false. Give a sen­
tence that says the exact opposite of the 
quoted sentence but is nevertheless true. 

35. Two girls were born on the same 
day in the same year of the same parents, 
yet they were not twins. Explain. 

36. If someone says to you, ''I'll bet 
you a dollar that if you give me five dol­
lars I'll give you a hundred dollars in 
exchange," would that be a good bet to 
take? 

37. O. Henry's famous short story, 
"The Gift of the Magi," opens as follows: 
"One dollar and eighty-seven cents. That 
was all. And sixty cents of it was in pen­
nies." Is there anything mathematically 
wrong here? 

The answers to the above problems are 
- as follows: 

1. The squaw on the hippopotamus is 
equal to the sons of the squaws on the 
other two hides. 

2. Two hours. 
3. 5/12. The probability that both will 

throw the same number is 1/6, therefore 
the probability that one will throw higher 
than the other is 5/6 or 10/12. This is 
halved to give the probability that Joe 
will get a higher number than Moe. 

4. "In." 
5. Any distance. The height of the in­

tersection is equal to the product of the 
heights of the two poles divided by their 
sum. 

6. House numbers. 
7. Zero. 
8. "Wrong. " 
9. Any date added to the number of 

years since that date will total the cur-
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What makes a company "Modern"? 
Not size. Not capital resources. Certainly not 

age. At Celanese we believe it is the degree to 

which a company is equipped to meet the pres­

ent and future needs of its customers. Efficient 

plant. Contemporary product. Aggressive man-

agement. Industrious work force. The ability 

to think ahead of the situation and be ready for 

the problem when it occurs. Celanese happens 
to be a young company. Much more important, 

it's a modern company. Celanese@ 

C �eAe-
CHEMICALS FIBERS PLASTICS POLYMERS 
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Chrysler Corporation warrants 
every part on this page 

for 5 years or 50,000 miles. 
Chrysler Corporation makes possible this new warranty,* 
by your authorized Chrysler Motors Corporation Dealer, 
covering all major parts of the engine, transmission, 
torque converter, drive shaft, universal joints, rear axle, 
differential, and rear wheel bearings. It pays for labor 
as well as parts. 

It comes with our 1963 Plymouth, Valiant, Chrysler, 
Imperial, Dodge, Dodge Dart cars, and Dodge trucks. 
It can be transferred to the new owner if you sell your car. 

It lasts for 5 years or 50,000 miles, making your car 
more valuable at trade-in time. 

The only thing we ask is that you have your car serv­
iced at reasonable intervals. (You'd probably do that 
anyway.) 

This broad new protection is a result of establishing 
and maintaining the highest engineering and production 
standards, combined to give you another great automo­
tive "first" from Chrysler Corporation. 

'Your authorized Chrysler Motors Corporation Dealer's Warranty against defects in material and workmanship on 1963 cars has been expanded to include parts replace­
ment or repair. without charge for required parts or labor. for 5 years or 50.000 miles. whichever comes first. on the engine block. head and internal parts; transmission 
case and internal parts (excluding manual clutch); torque converter. drive shaft. universal joints (excluding dust covers). rear axle and differential. and rear wheel bear­
ings. provided the vehicle has been serviced at reasonable intervals according to the Chrysler Motors Corporation Certified Car Care schedules. Trucks are included. but 
are subject to additional limitations of 1500 hours operation if mileage does not accurately reflect the extent of actual use and operation of parts covered by the warranty. 
Coverage will not apply to trucks subjected to prolonged power take·off or off·highway use. 

PLYMOUTH . VALIANT · CHRYSLER · IMPERIAL . DODGE . DODGE DART . DODGE TRUCKS 

�� CHRYSLER � CORPORATION 
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rent year. Two such totals will be twice 
the current year. 

10. Sixty degrees. Joining the ends of 
the red lines completes an e(luilateral 
triangle. 

11. ONE WORD. 

12. A thousand feet. The fish makes a 
right-angle turn. A right angle, with its 
vertex on the circumference of a circle, 
intersects the circumference at the end 
points of a diameter. The diameter is 
therefore the hypotenuse of a right tri­
angle with sides of 600 and 800 feet. 

13. "Everyone" included babies and 
children. 

14. The spectrum of visible light: red, 
orange, yellow, green, blue, indigo, vio­
let. Roy C. Biv, a mnemonic acronym for 
the spectrum, is really Stephen Barr of 
Woodstock, N.Y. 

15.2+ lX. 
16. Anywhere. The sum of the three 

paths is a constant equal to the triangle's 
altitude. 

17. 103. 
18. After crossing out SIX LETTERS, the 

remaining letters spell BANANA. 

19. Three. 
20. Bookkeeper. 
21. Infinity. Angles a and b sum to 90 

degrees. The two base angles of the tri­
angle (2a and 2b) sum to 180 degrees. 
Therefore the top angle of the triangle 
must be 0 degrees, with the sides of the 
triangle parallel, meeting at infinity. 

22. All but February. 
23. Thirteen. 
24. One thousand two hundred and 

sixty-
Four million eight hundred and 

fifty-
Three thousand nine hun­
Dred and seventy-one 

Point two seven five eight four 
six three. 

JJ 

What is the altitude of the triangle? 

Mrs. Smith smokes her last ci.garettes 

25. One hour. 
26. Because 136 players must be elimi­

nated, there must be 136 matches. 
27. Typewriter. 
28. A 50-cent piece and a nickel. The 

50-cent piece is not a nickel. 
29. Forty pounds. 
30. The telegram is a palindrome, 

reading the same backward and forward. 
31. 

X = 111 = 
37. 

3 

In the fraction, the I I I  above the line is 
in the decimal system, the I I I  below is a 
Roman numeral. The next I I I  is also Ro­
man and the last I I I  is in the binary sys­
tem. 

32. Pick up the second glass, pour its 
contents into the fifth glass, replace the 
second glass. 

33. Ten. 
34. "The number of words in this sen­

tence is not nine." 
35. They were in a set of triplets. 
36. No. He can take your $5, say "I 

lose" and hand you his $1. You win the 
bet but lose $4. 

37. No. At the time O. Henry wrote 
this story the U. S. still had a two-cent 
coin. 

A famous unsolved problem, discussed 
in this department last November, 

has been solved. The problem: In how 
many different ways can the standard 
8-by-8 checkerboard be cut into two 
congruent halves? Cutting must be along 
grid lines, and rotations and reflections 
are not considered different. 

The first reader to report the solution 
was John McCarthy, who assigned the 
problem last November to his class of 
students at the Stanford Computation 
Center in Stanford, Calif. The computer 
found a total of 92,263 solutions. This 
was later confirmed by Bruce Fowler, 

MITUTOVO 
HIGH 

PRECISION 
HEIGHT 

MASTER 

A New Instrument for Precision Height Setting 
••• Unequalled in Speed, Accuracy and Simplicity 

Mitutoyo Mfg. Co., Ltd., a world leader 
in the manufacture of high precision 
instruments, is proud to introduce 
the "Height Master" standard refer­
ence source. 

The new, practical measuring method 
of the Mitutoyo "Height Master" 
eliminates lengthy preparations of 
gauge blocks and virtually stops the 
possibility of errors in calculations. 
High precision measurements can be 
set and transferred to height gauges 
or other transfer instruments in 
minutes. The "Height Master" oper­
ates over a 12" range with accuracy to 
50 millionths of an inch. Riser blocks 
are available for heights up to 36". 
The exceptional ease of application, 
coupled with the dramatic improve­
ment in accuracy makes the M itutoyo 
"Height Master" a versatile and in­
dispensable tool for functions of 
quality control such as critical in­
spection of layouts, holes. and 
checking height gauges. 

The "Height Master" complements 
Mitutoyo's line of high precision in­
struments meeting the basic need for 
simplified preCision measurements. 
For complete details write for catalog. 

See us at the ASTME Tool Show in Chicago, 
April 29- May 3, 1963 ... Booth #1137. 

FRED V. FOWLER CO. 
u. S. DISTRIBUTOR 

321 Auburn St., Auburndale 66, Mass. 
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an 

invitation 
to 
physicists 
mathematicians 
and 
engineers 
from . • 

INSTRUMENTATION LABORATORY 
THE LABORATORY'S STAFF OF OVER 1300 UNDER THE DIRECTION 
OF DR. C. STARK DRAPER IS ENGAGED IN THE CONCEPTION AND 
PERFECTION OF COMPLETELY AUTOMATIC CONTROL SYSTEMS FOR 
THE FLIGHT AND GUIDANCE OF MISSILES AND SPACE VEHICLES. ITS 
ACHIEVEMENTS INCLUDE THE NAVY MARK 14 GUNSIGHT, THE AIR 
FORCE A·l GUNSIGHT, HERMETIC INTEGRATING GYROS (HIG), AND 

THE SHIP INERTIAL NAVIGATION SYSTEM (SINS). THE LABORATORY 
DEVELOPED BASIC THEORY, COMPONENTS AND SYSTEMS FOR THE 
AIR FORCE THOR AND, LATER THE TITAN MISSILE. OTHER ACCOM· 
PLiSHMENTS INCLUDE THE NAVY'S POLARIS GUIDANCE SYSTEM. THE 
LABORATORY WAS ALSO SELECTED BY NASA TO HAVE THE OVERALL 
DESIGN RESPONSIBILITY FOR THE COMPLETE GUIDANCE·NAVIGATION 
SYSTEM FOR THE APOLLO PROJECT OF MANNED FLIGHT TO THE 

MOON. 

RESEARCH AND DEVELOPMENT OPPORTUNITIES EXIST IN: 

RESEARCH, DESIGN AND EVALUATION OF GYROSCOPE INSTRUMENTS 

ANALYSIS OF SYSTEMS AND COMPONENTS 

HIGH PERFORMANCE SERVO MECHANISMS 

DIGITAL AND ANALOG COMPUTERS 

ELECTRO·MECHANICAL COMPONENTS 

TRANSISTOR CIRCUITRY AND PULSE CIRCUITRY 

COMPUTER PROGRAMMING AND SIMULATOR STUDIES 

MECHANICAL DESIGN, HEAT TRANSFER AND TEMPERATURE CONTROL 

ANALYSIS OF RADAR AND LASER PROBLEMS 

OPTICS AND OTHER AREAS 

Address resume to Howard r.1. Miller Professional Placement 

I NSTRU M ENTATION LABORATORY 
MASSACHUSETTS INSTITUTE OF TECH NOLOGY 

68 ALBANY STREET BLDG. 4S CAMBRIDGE 39, MASS. 
UNIVERSITY 4·6900. EXT. 3544 

Graduate courses may be taken while earning full pay. 
An equal opportunity employer 

A tennis player /noves to the next round 

who made use of an IBM 1620 computer 
at the Newark College of Engineering in 
Newark, N.J. Running time: 26 minutes. 
Some notion of how rapidly the number 
of solutions increases as the size of the 
board increases can be gained from the 
fact that the 6-by-6 board has only 255 
solutions. The IBM 1620 confirmed this 
in less than three seconds. 

I have not yet learned the details of 
the Stanford program. Fowler reports 
that his program is based on the fact that 
any bisecting line must pass through the 
board's center, and that the two halves 
of the line are symmetrical with respect 
to the center. "The program works some-

A fish is weighed 
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GCFW 
AEROSPACE 
SOUTHWEST 

PIONEER 

The F-l11, bi-service tactical fighter for the Air Force and the Navy, 

offers opportunities for stimulating assignments in virtually every 

engineering and scientific discipline. _ General Dynamics/Fort Worth 

is actively seeking graduates to participate in this and other projects 

as we continue pioneering the technological development of the South­

west. If you qualify, send a resume of your training and experience to 

General Dynamics/Fort Worth, P. O. Box 748, Fort Worth, Texas. An 

equal opportunity employer. 

GENERAL DVNAMIC:S I FORT WORTH GIIIIIIIID 
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PRODUCTION TESTS of resolvers, 
synchros, potentiometers, encoders and 
commutators are RAPID and EASY with 
the GURLEY RESOLVER TEST STAND 
for precision shaft positioning 
The Gurley Model 7531 Test Stand con­

sists of an optical coincidence reading 

system with ± 2 second accuracy, a pre­

cision graduated glass circle, a slow-mo­

tion drive assembly, and an adaptor plate 

and coupling_ 

Outstanding new features include: 

1. Projection screen for reading 

2_ Resolver zeroing adjustment 

3_ Direct reading in one-second intervals 

4_ Improved slow-motion drive 

5_ Bottom shaft extension for coupl ing to 
other devices 

6_ Optional clutch mechanism 

For complete information, 
write for Bulletin 7531. 

W.&L.E.GURLEY 562 Fulton Street, Troy, New York 

wanted: the 
engmeers 
who can 
advance 

this 
advanced 
recorder 

We need engineers who can meet this challenge. Electro/ 
mechanical development engineers. Solid state circuit design­
ers. Mechanical engineers. Physicists. Systems development 
engineers. Circuit designers. Servo/mechanical engineers. Mag­
netic head engineers. Can you qualify' If so, at Ampex, you'll 
find room to experiment. Room to conceive, design and develop 
your ideas into working models. At Ampex, you'll enjoy stability: 
nearly all of our multi-million dollar development programs are 
company sponsored. And you'll live in one of the finest areas 
anywhere: either Redwood City, near San Francisco, or Culver 
City, near Los Angeles. If you have a BS degree and exper­
ience in high precision mechanisms, data acquisition systems, 
telemetry or information storage systems, write for details. Or 
simply send your resume to: Mr. Charles R. Moody, Office of 
Scientific Placement, Ampex Corp., 2400 Bay Road, fAMPiil 
Redwood City, Calif. An equal opportunity employer. t�=='::':t 
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6 
Move one glass to alternate empty (lnd full 

what like the mouse in a maze," he 
writes. "It starts at the center, moving 
one space at a time and making all pos­
sible right-hand turns. When it bumps 
into its previous path, it backs up one 
space, turns left 90 degrees and con­
tinues. When it reaches the edge of the 
board, it scores up one solution, backs up 
one space, turns left, and so on. In this 
way all possible solutions are obtained, 
The total is printed when it discovers the 
direct route to the edge, in the original 
starting direction." 

The "backtrack" program just de­
scribed applies only to the even-order 
boards. Odd-order boards, with center 
square removed, are more complicated. 
McCarthy's students found a total of 
1,897 solutions for the 7-by-7 board, also 
previously unsolved, and this figure has 
also since been verified by Fowler. Fow­
ler attempted the 9-by-9, but after an 
hour's running time the machine had 
found only 194,442 solutions, which 
represent only a small bite out of the 
total. He estimated the running time for 
the 9-by-9 to be about a week-and that 
was more time than the machine could 
spare. 

H ow to lose $4 
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HOW TO MAKE HIGH PRESSURE WORK 

If you're an engineer or researcher in such fields as chemical processing or synthesis 

... powdered metallurgy ... atomic energy ... marine research ... petroleum research 

... here's a quick education in the latest benefits of putting high pressures to work. 

Our new kit, "High Pressure At Work," explores the kinds of equipment used in this 

work ... autoclaves, reactors, valves and fittings. It spells out what high pressure users 

have found out about optimum high pressures, what equipment to use for what pur­

pose, and how to obtain maximum efficiencies at lowest costs. It's a capsule of our 

many years of experience and leadership in this field. To share our experience for your 

benefit, simply send the coupon now. AUTOCLAVE ENGINEERS, INC. 
,-------------------------------------------------------, 
I Autoclave Engineers, Inc., Dept. SA, Box 4007, Erie, Pa., USA 

6 
I 

I Please send me "High Pressure At Work" ;0 � ". I 
I . ".,,' . I 
I name title company I 
I address city zone state I I I'm interested in I 
I I 
�------------------------------------------------------� 
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THE AMATEUR SCIENTIST 

Conducted b�' C. L. Stong 

A Ithough the natural forces that build ft mountains, alter coast lines, carve 
river valleys and otherwise modi­

fy the landscape proceed at a pace and 
on a scale that usually rule out direct ob­
servation, many geological processes can 
be demonstrated realistically by means 
of a stream table, an apparatus that 
amounts to little more than a sophisti­
cated version of a child's sandbox. The 
apparatus can take the form of a wide, 
flat-bottomed trough that is hinged in 
the middle so that the sand in one sec­
tion can be raised or lowered to simulate 
slopes arising from vertical excursions of 
the earth's crust. At one end of the table 
is a source of water-a spray or a stream­
and at the other is an outlet that can be 
adjusted in depth. The table is filled with 
sands of various colors and grain sizes, or 
sand mixed with pebbles or crushed ice, 
depending on the geological feature to 
be demonstrated. Colored sirups, molten 
lead, plastic sheeting and other materials 
can be used to create, identify and alter 
the direction of the forces of erosion. By 
embedding a sheet of plastic in the sand, 
for example, one can re-create the effects 
of underground water in the appearance 
of springs, lakes and swamps. In short, 
the stream table is a versatile means of 
simulating a miniature of large-scale geo­
logical processes and their consequent 
land forms. An apparatus particularly 
well suited to amateur experimentation 
has been constructed as a research proj­
ect by Maurice Schwartz, a student of 
geology at Columbia University. 

"My stream table," writes Schwartz, 
"is some three feet wide, 10 feet long and 
six inches deep. It is hinged so that either 
end can be raised and it holds 500 
pounds of dry sand. The weight of the 
completed assembly when wet, together 
with accessories, approaches half a ton. 
I first made two boxes, each open at one 
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_How to construct a stream, table 

to si17udate geological processes 

end, of 20-gauge galvanized iron and 
after soldering the corners I etched the 
metal surface with dilute muriatic acid 
and applied two coats of epoxy res­
in paint. The sheet-metal boxes were 
then nested for support in close-fitting 
wooden boxes. Half-inch plywood was 
used for the bottoms. The ends and sides, 
which measure two by six inches in cross 
section, were made of Douglas fir. One 
box is about four feet long and the other 
about six feet long. The open end of the 
larger box was beveled at an angle of 20 
degrees to allow the hinged sections to 
be folded. Three equally spaced cross 
cleats were spiked to the bottom of each 
box to give added strength and to pro­
vide air space so that water could not 
collect between the bottom and the sup­
porting surface. One could reduce the 
cost somewhat by constructing the boxes 
of rough planks and lining the wood with 
plastic sheeting. The sand is shifted fre­
quently, however, and thin plastic is not 
particularly durable. The end sections 
were joined by a heavy piano hinge and 
covered by a wide strip of heavy sheet 
rubber that extends across the bottom 
and over the sides. The strip was first 
cemented over the hinge and then se­
cured at the edges by metal strips 
screwed to the wood. Ordinary door 
hinges, although not as strong, could be 
substituted and covered with a strip of 
opened automobile inner tube. In this 
case the crack in the bottom and the V­
shaped openings at the sides should be 
covered with loose pieces of plywood to 
prevent the weight of the sand from 
pushing the ruhber into the openings. 

"The larger section of the stream table 
is equipped with pipe racks for support­
ing shower heads about two feet above 
the sand and with a clip on the upper 
edge of the end for holding a garden 
hose that leads to a water tap. Rain is 
simulated by the sprinkler system and 
stream sources by the open hose. An out­
let at the bottom of the smaller section is 
fitted with a short length of garden hose 
that can be clipped to the end at various 
heights for adjusting the depth of ac­
cumulated water [see illustmtioll all op­
posite page J. 

"Accessories include plastic sheeting, 
a cement trowel, a few pounds of dry 
sand and a wave generator. My wave 
generator was improvised from a small 
aquarium pump of the type that has a 
leather diaphragm for a piston. The cyl­
inder, piston and connecting rod were 
disconnected and a metal rod about an 
eighth of an inch in diameter and five 
inches long, threaded at each end, was 
inserted in the end of the connecting rod 
to replace the screw that held the leather 
diaphragm. During reassembly the metal 
rod was passed through a hole drilled in 
the bottom of the cylinder and a small 
wooden block was attached to the free 
end of the rod to serve as a paddle. The 
completed mechanism was then mounted 
on a plywood base that is clamped to the 
side of the stream table where the paddle 
makes contact with the water. The speed 
of the motor, and hence the size of the 
waves, can be controlled by a rheostat. 

"The apparatus rests on a sturdy plat­
form that is about waist-high. The larger 
end is raised and lowered by means of an 
automobile jack and is supported in ele­
vated positions on blocks. In most experi­
ments the smaller end of the table re­
mains level and the larger end is tilted to 
represent elevated terrain. Coast lines 
are formed by pushing sand away from 
the 10'wer end of the table. Sand of any 
grade may be used, but I prefer the fine 
white variety used in hourglasses and 
known as Ottawa sand. This material is 
clean, flows readily and holds its shape 
nicely when wet. Ottawa sand can be 
procured from suppliers of building ma­
terials. It is currently priced at $5 per 
100 pounds in the New York City area. 
Five hundred pounds fills the stream 
table to a depth of about four inches. 

"The operation of the table makes 
some demand on the experimenter's 
manipulative skills because the produc­
tion of realistic effects involves art as 
much as science. Most experiments are 
set up by first modeling wet sand to 
represent some combination of geologi­
cal features such as mountains, valleys, 
plains or coast lines. The features are 
then subjected to erosion by streams, 
waves or mechanical forces. The investi-
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gation of land erosion in rainy regions 
makes a nice introduction to the tech­
nique. 

"The introductory series of experi­
ments assumes a region that has recently 
been elevated above sea level by natural 
forces: a uniform, slightly rolling terrain 
that slopes gradually to the sea. First 
elevate the larger end of the table about 
18 inches and block it in place. Place 
about half of the sand in the elevated 
section so that it extends slightly past the 
hinge into the lower section and cover it 
with plastic sheeting. The edges of the 
sheeting should be turned up about an 
inch on all sides. Place the remainder of 
the sand over the sheeting so that it ex­
tends to within about three feet of the 
lower end and make a few small piles of 
sand here and there in the empty area. 
Wet the sand thoroughly and smooth it 
from side to side to form a shallow curve 
down the middle with the edges about 
an inch above the center. Mold the lower 
end of the sand to form a steeply sloping 
beach and give the inland topography a 
bit of moderate relief here and there. 

Adjust the outlet tubing so that the water 
that accumulates in the smaller section 
will reach about half the depth of the 
sand and thus establish an initial shore 
line. Connect the inlet hose to the show­
er heads and open the tap to simulate a 
brisk rain. 

"Initially the falling drops will merely 
smooth the surface and the water will 
soak into the sand. After a short interval, 
however, small gullies will form near the 
lower boundary of the rain belt and 
gradually become longer and deeper un­
til they unite in a single, fast-running 
stream. As the rainfall continues, erosion 
will extend the gullies slowly upstream. 

"In the meantime the main stream 
deepens rapidly and within a few min­
utes will have cut a relatively straight 
channel to the 'sea,' a channel with steep 
banks and few sand bars. The runoff 
accumulating at the lower end of the 
stream table gradually submerges the 
marine features; bays, peninsulas and 
islands appear, depending on the pre­
arranged pattern of sand. 

"After the basin fills note in particular 

sheet-plastic lining 
;<' fubber gasket pipe rack 
I o,;,ts and wd5her5 for carry' 

..r1P'==�il=2z'=".,���!fi!j�� 5h ower h ea 

outflow 
connection 

inner-tube l i ner to seal joint 

the mechanism of delta formation at the 
mouth of the river. The current quickly 
loses its velocity when it encounters the 
still water, and it deposits a thin, fan­
shaped pattern of sand on the bottom 
that extends a considerable distance be­
vond the mouth of the stream. Geologists 
refer to this initial deposit as the 'bottom 
set.' A second deposit, known as the 
'fore set,' is characterized by a steep, 
straight edge that advances over the bot­
tom set. As the top of the fore set ap­
proaches 'grade' (the average level of 
the stream), a thin, gently sloping de­
posi t is laid down on top of the fore set. 
Thereafter erosion cuts a channel in the 
top set, and the velocity of the stream, 
now confined to the channel, increases 
and initiates a new cycle with the forma­
tion of bottom set at the mouth of the 
new channel. When this cycle has pro­
gressed through the stages of fore set and 
top set, still another channel forms. In 
this way the exposed surface of a mature 
delta becomes a fan-shaped patchwork 
of small islands interlaced by streams. 

"When the delta has matured, lower 

dip 
for 

stream 
table about 
10' long by 
3' wide by 

5�" deep 
z" by 6" cleats 

plank 

hose cI ips for 
adjusting 

outflow level 

floor 

Construction of the stream table 

to drain or 
recirculating pump 
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sand bar' delta 

Rtver-valley demonstration 1I1,ul two stages ;,/t l1utluration 

Ground-water setup (A) and demoll.,tmtion (B) 

'-;-'""'-'-'---

cru5hed�: ice 
an d'and [ira' 

Setup (A) and demonstration (B) of glacial land forms 
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the larger section of the stream table so 
that the terrain slopes about three inches 
from end to end. This simulates a later 
stage in the history of the stream's de­
velopment, when erosion has leveled the 
uplands. Initially the gullies that ap­
peared beneath the shower heads had 
joined to form a relatively narrow, fast­
running stream that tended to deepen 
faster than it widened. After the straight 
channel reached a certain depth, how­
ever, its steep banks were undercut here 
and there. Material breaking free at 
these points was swept downstream. 
Other portions of the bank, where the 
sand was packed more densely, resisted 
the cllrrent for a time, and erosion pro­
ceeded fastest at the opposite bank. 
Slight bends therefore appeared along 
these stretches of the river. Such de­
partures from straightness had the effect 
of directing the water still more force­
fully against the points of weakness and 
accelerating erosion. With the simulated 
erosion of the uplands, the narrow, fast­
running stream becomes a slow, mean­
dering river. After some hours it will be 
observed that the meanders move slow­
ly downstream and bends form near the 
mouth of the river. The result is a broad 
valley dotted here and there by former 
islands, sand bars and strange crescent­
shaped lakes that mark channels origi­
nally occupied by the river. 

"Other major features of rainy re­
gions are induced by ground water that 
collects between the surface of the soil 
and a layer of relatively impervious ma­
terial underneath. This layer is simulated 
by the plastic sheeting of the stream 
table. To set up a demonstration of 
ground water, first shut off the shower 
heads and drain the accumulated water. 
Then lower the larger section so that the 
sand is about six inches higher than it is 
at the outlet end. Mold a terrain that 
slopes gradually and, beginning at the 
high end, form in succession a lake bed, 
a lowland, a hill with gently sloping sides 
and a small basin behind a ridge near the 
coast line [see middle illustration at left]. 
Detach the garden hose from the shower 
heads, clip it to the elevated end of the 

stream table and open the tap. Regulate 

the flow so that seepage into the sand 

just balances the inflow and causes the 

level of the lake to remain constant. 

Within a matter of minutes the under­

ground water table will form, seep into 

the lowland and create a swamp. Shortlv 

thereafter a pond will form in the de­

pression near the coast line and one or 

more springs will appear downgrade 
from the pond, if the edge of tile plastic 
sheeting has been brought close to the 
surface. Runoff from the spring will 
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New rocketry employment opportunities at Marquardt 
Marquardt engineers have made significant technological 
contributions toward the development of precisely controlled 

rocket systems as the result of company-sponsored efforts 

initiated in 1958. Within a four-year period, these advances 

have made Marquardt a recognized leader in the reaction 

controls field. During the past twelve months, the Company 

has been awarded contracts on some of the Nation's most 

advanced space programs, creating exceptional opportunities 
for imaginative and experienced engineers and scientists, 

These programs include: 

Proj ect Apollo Service Module-reaction control rockets 

Saturn IV B -ullage rocket engines 

Sync om II satellite-reaction control system 

nozzles and support equipment-Marquardt offers an out­
standing climate for advancement to engineers and scientists 

who want to develop professionally through association 

with a dynamic company well diversified in rocketry, elec­

tronics, airbreathing propulsion, and aerospace research. 

The Power Systems Division, the organization at Mar­

quardt most directly concerned with rocket control and 

propulsion systems, has immediate openings for men with 
significant experience-engineers who have a demonstrated 

technical capability. If you hold a B.S., M.S., or Ph.D. in 

Mechanical Engineering, Aeronautical Engineering, Physics, 
or Nucleonics, and possess an engineering background in 

rocket motors ond control systems, airbreathing propulsion, 
mechanical controls, propulsion cycle analysis, aerodynamic 

Ground-floor opportunities are also developing as a result development, test instrumentation, or test opemtions, you 
of negotiations on reaction control system components for are invited to send your resume, in confidence to Mr. Floyd 
the Apollo Lunar Excursion Module, continuing company- Hargiss, Manager, Professional Personnel, 16555 Saticoy 
sponsored research and state-of-the-art contract activity. Street, Van Nuys, California. Marquardt, an equal oppor-

As a producer of sophisticated reaction control rocket tunity employer, is dedicated to keeping the United States 
systems-expulsion systems, combustion chambers, valves, first in technology. � 

THE MARQUARDT CORPORATIO� 
17 1 
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Three types of fault that result from vertical movement 
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Beginning (A) and equilibrium stage (B) of sand·bar formation 

Demollstration of turbidity ClIrrents 

gradually fill the basin at the outlet and 
form a beach. A well dug in the face of 
the hill above the pond will fill to the 
height of the water table. 

"Of the several geological agencies re­
sponsible for large-scale alterations of 
the landscape none is more spectacular 
in its effect than the action of glaciers. 
So far I have discovered no way to simu­
late the slow deformation and flow of ice 
in the stream table. But it is easy to 
duplicate the effects of a glacier in the 
region of its most extreme advance­
where the flow of ice has stopped. The 
glacier simply melts and deposits its 
burden of transported material. The as­
sociated runoff erodes the downward­
sloping terrain. 

"To perform this experiment drain the 
stream table, remove about 75 pounds 
of sand, lower the larger section so that 
it is level with the smaller section and 
embed the plastic sheeting about an inch 
below the surface of the remaining sand, 
which should slope gently from one end 
to the other. Next build a ridge about six 
inches high across the mouth of a U­
shaped valley, near the hinge, using a 
mixture of sand and pebbles. Then fill 
the upland space to a depth of eight 
inches with a mixture of four parts of 
crushed ice (or snow, if it happens to be 
available outside) to one part of sand. 
Bury several fist·sized lumps of ice in 
the sand downgrade from the ridge and 
let the table stand until the ice melts. 
The rcsulting surface will be marked by 
many features typical of glacial land 
forms. Several small lakes may form in 
the 'till plain' above the ridge of sand 
and pebbles. The ridge, which will have 
become somewhat eroded, represents a 
terminal moraine: the rubble deposited 
at the edge of a glacier. An 'outwash 
plain' will have formed downgrade from 
the terminal moraine, marked here and 
there by random pebbles and perhaps by 
a stream bed and depressions, known as 
kettles, that mark pOints where lumps of 
ice were buried-all typical remnants of 
ice erosion that can be observed in the 
northeastern U. S. as results of the con­
tinental glaciation that ended about 
10,000 years ago. 

"Some features of the crust's vertical 
excursions, such as the great uplift cur­
rently under way in the southwestern 
U.S., are quite easy to simulate. These 
uplifts invariably open cracks, or faults. 
In nature displacement at the interface 
can amount to as little as a fraction of an 
inch or to many feet. In the case of the 
Sierra Nevada a block of granite hun­
dreds of miles long has split from the 
rest of the crust and has tilted in such a 
way that successive displacements have 
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AN ANALOG COMPUTER TO YOUR ENGINEERING LAB 
A "fully expanded" 20-amplifier PACE® TR-JO analog computer can be delivered to your office or laboratory for as 

little as $50 a week and the larger 48-amplifier TR-48 computer is yours for a few dollars more. Both of these machines 

can provide your research or engineering staff with a unique understanding of the dynamics of complex systems, 

making system design and optimization simpler and faster. Thus, for a fraction of the salary of the average engineer, 

you can significantly expand the creative output of your present engineering or research effort. This is the reason why 

hundreds of these computers are already operating in research and development laboratories throughout the world. 

o The TR-1O and TR-48 computers are fully transistorized and virtually maintenance free. They can be set up on your 

desk and plugged into any I 10-volt outlet. They can be easily understood and readily operated by your present engi­

neering staff and require no extensive operator or programmer training. Here, then, is the "individual engineer's" com­

puter available at a rental rate that makes it practical for every laboratory. 0 EAI has several advantageous leasing plans. 

Whether you are interested in lease or purchase, write for full information on these desk-top analog computers today. 

EAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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SERVO DESIGNERS! 

DOES THIS HELP YOU 
CLOSE THE LOOP? 

If so, it's the basic kind of SERVO­

MATCHING information soon to be 

available on General Electric high­

performance servo components. Per­
formance data like this, expressed in 
transfer functions, will save you time 
you now use in selecting components 

for servo systems. 

G.E.'s Power Amplifier featured here 
is ideal for position or speed servo 

drives. And if you're engaged in en­
gineering servos for ground support 
equipment including ANTENNAS, 
TRACKING EQUIPMENT FOR 
CAMERA OR FIR E CONTROL, 
AUTO M ATIO N M A C H I N E RY, 
ETC ., other G-E high-performance 

SERVO-MATCH ED components are 
ready to work for you. Among them: 

• Industrial D-C Motors 

• Compensated D-C Motors 

• Eddy-current Couplings 

• Industrial D-C Generators 

• Compensated D-C Generators 

• Laminated D-C Generators 

• Amplidyne Power Amplifiers 

SERVO-MATCHED in your system, these 

G-E components can provide: 

• rapid response 

• zero gear backlash 

• low inertia 

• high overload capacity 

• high gain 

• low inductance 

• low ripple 

• high reliability 

Whatever the application, your servo 

system will benefit from G-E servo 
technology ... whether G.E. furnish­

es the high-performance drive com­
ponents, packaged drive system or any 

integral performing block. 

FOR FURTHER INFORMATION please 

write for GEA-7546, Sec. 828-01, Gen­

eral Electric Co., Schenectady 5, N. Y. 

GENERAL ELECTRIC 
Direct Current Motor and Generator Department 

Erie, Pennsylvania 
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raised one side of the block thousands of 
feet and have similarlv lowered the other 
side. 

"To investigate faulting of three prin­
cipal types remove the plastic sheeting 
from the stream table, place the auto­
mobile jack under the larger section and 
pile the wet sand level wi th the edges of 
the table as far as it will extend above 
and below the hinge. As you jack up the 
larger section, observe the sand. A crack 
will appear in the vicinity of the hinge, 
and as the larger section continues to rise 
the block of sand in the larger section 
will slide below that in the smaller sec­
tion. This is an example of compression 
faulting. Note the angle of the fault with 
respect to the horizontal. Without dis­
turbing the position of the table, smooth 
the sand at the fault and tamp it down 
lightly. Then reverse the jack and lower 
the larger section. A tension fault will 
now appear. Observe that the angle of 
this fault makes a large angle in relation 
to that of the compression fault. Jack up 
the larger section again, make a deep V­
shaped trench across the table above the 
hinge and fill it with dry sand. Reverse 
the jack and lower the larger section. 
Two faults will appear, one on each side 
of the trench. The surface of the drv sand 
will drop below that of the wet m;lterial 
and form a 'graben,' a Hat-bottomed 
trench with sloping walls. The upper 
valley of the Rhine River is a tvpical ex­
ample, a depressed area some 200 miles 

long and 20 miles wide between faults 
bounding the Black Forest on the east 
and the Vosges Mountains on the west. 

"A particularlv fascinating series of 
experiments can be based on the erosive 
action of water waves on coast lines. Set 
up the stream table to form a deep basin 
some three feet square at the outlet end 
of the smaller section and mold wet sand 
into a sheer cliff about six inches high. 
Fill the basin to a depth of some four 
inches and set up the wave generator to 
produce waves about two or three inches 
from crest to crest. After five minutes 
lower the water to a depth of two inches. 
Observe the shape of the beach that 
emerges and particularlv how the cliff 
has been undercut here and there. Such 
undercutting frequentlv carves sea caves 
from the rock, such as the Grotta Azzurra 
(Blue Grotto) on the island of Capri. 
Beach formations that stand high above 
present water levels are common fea­
tures, such as those surrounding Great 
Salt Lake in Utah. Wave action is also 
responsible for such features as the long, 
thin offshore sand bars that characterize 
the eastern coast of the U.S. To observe 
the formation of sand bars, shut off the 
wave generator and build a smooth bank 
of sand the width of the tank and extend 
it into the water about a foot so that the 
surface of the sand is submerged an 
inch. Start the wave generator. Wave 
action will quickly transport sand from 
the leading edge of the bank to a region 

Delt{[ forming on stre{[m table ((t mouth of river 
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SCIENTIFIC PROBLEM-SOL VINC: 

Point of View-... TiIlles 32 
One thing common to RAC profcssional staff members is 
their uncommon backgrounds. This is neither a paradox 
nor unintentional. It is, in fact, a basic clue to much of 
the value of operations research, at least as it is performed 
at the Research Analysis Corporation. RAC is a private, 
nonprofit organization of more than 450 people, engaged 
in scientific problem-solving in a broad diversity of areas of 
major national decision-military, political, and economic. 

There are 32 different academic backgrounds among 
RAGs professional staff, and thus 32 points of view to pit 
against the problems at hand. In a typical RAC research 
team, the physicist vvill view a problem area differently 
than the mathematician, the mathematician will see it 
differently than the economist, the economist differently 
than the electrical engineer, and so on. And in addition 
to its own members, the team can also call in professional 
staff members of other disciplines to view any special or 

unusual aspects of the problem. 
The sum total of all these efforts and viewpoints will 

be a rounded solution, a solution-in-depth, taking the 
entire problem into consideration, overlooking nothing. 

If you hold an advanced degree in mathematics, statis­
tics, a physical science, economics, or engineering, we 
invite you to consider the fascination and challenge of 
mixed-team problem-solving ... and a career at RAe. 
This is exciting, vital work, stimulating you to function 
at the peak of your capabilities and carrying the probability 
of rapid personal and professional advancement. The 
compensation is fully commensurate with the importance 
of your assignments. Please send your resume to Mr. John 
C. Burke, Professional Staffing, Research Analysis Cor­
poration, 6935 Arlington Road, Bethesda 14, Maryland. 
(Residential suburb of Washington, D. C.) An equal 
opportunity emplover. . 

·=&1--
Research Analysis Corporation 
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Fashion runs on 
glass wheels 

Synthetics rule the world of fashion, 
and glass wheels are essential to the 
manufacture of synthetic yarns. 

Thou sands of these glass "Godet 
wheels" are used in the textile in­
dustry. Here, synthetic fibers are 
spun into yarn, then passed over a 
series of Godet wheels which flex 
the yarn for strength and elasticity. 

Godet wheels look like large glass 
ashtrays, but are infinitely more dif­
ficult to make. Tolerances are ex­
t r e mel y c r i ti c a l ,  e s p eci a l l y  f o r  
molded glass: wheel surfaces must be 
perfectly circular ... diameters ex­
actly controlled ... shaft holes drilled 
with pin-point precision. All this is 
done with borosilicate, a glass with 
extreme surface hardness and resist-
ance to thermal shock. '03 

La nca s t e r  G l a s s  ha s 
licked the Godet wheel 
problem. But of course, 
engineered glass is our 
business. When you need 
components in glass or 
p l a s tic . . .  ju s t  a s k  
Lancaster! 

Write for your copy of Component, Lancaster's 
periodical for Idea People. 

LANCASTER GLASS CORPORATION. LANCASTER lJ.OH10 

176 

Mature river valley cut in sand of stream table 

behind it, where some of it will form a 
long offshore sand bar. After a few min­
utes the growing sand bar will begin to 
interfere with the transport mechanism 
and the bottom will stabilize as a profile 
of equilibrium. Thereafter, if the ampli­
tude of the waves does not increase, the 
sand bar and shallow basin behind it will 
remain as permanent features. 

"Wave transport frequently links a 
small offshore island to the mainland by 
a sand bar, known as a tombolo. The 
transported sand may come from the 
mainland or from the island, depending 
on the wave action and the nature of the 
terrain. To simulate the formation of a 
tombolo, shape an offshore island on a 
shallow submerged shelf and generate 
waves that approach the island oblique­
ly. In time the tombolo will form on the 
leeward side of the island in line with 
the advancing wave front. The agency 
of turbidity currents is responsible for 

the large-scale transport of submarine 
sediments. These can be simulated by 
pouring dilute sirup into the water at the 
edge of a steeply sloping beach. The cur­
rents are easy to follow by eye if a few 
drops of food coloring are added to the 
sirup. 

"N umerous other experiments have 
been made. It is possible, for example, to 
simulate the formation of pillow lava: 
the irregularly rounded deposit that 
forms when molten lava Rows into a lake 
or the sea. The glassy exterior of such 
pillows is caused by the rapid crystal­
lization that occurs when the lava 
makes contact with the water. Cavities 
in the pillows are usually rich in minerals 
that are derived from gaseous elements 
trapped in pockets of the molten mate­
rial. Realistic pillows are formed when 
molten solder is poured down a steep 
beach of the stream table. 

"The apparatus invites much ex peri-
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Super-orbital entry of a space vehicle­

one returning to earth from a planet, 

rather than from an earth-orbiting mission 

-would result in searing radiative heating 

in addition to the more familiar convective 
type. As a spacecraft nose enters atmos­

phere, it pushes the thin air aside. A 

boundary layer is formed next to the skin. 

Ahead of that is a compressed mass of 

air; fronting that, a shock wave. The air 

behind the shock wave becomes incan­

descent, ionizes, and radiates to the heat 

shield. Within the boundary layer, friction 

heats the nose cone by convection. 

Lockheed scientists believe that at 

higher than escape speed a blunt-nosed 

vehicle may be unable to sustain the radi­

ative heating. Consequently, a return to 

the previously discarded sharp nose is 

indicated. Fluid mechanicists are calcu­

lating the heat load, determining how 

rapidly the nose will ablate and how to 

keep it sharp. Current shock tube tests 

are providing some clues. 

Another research project in Lockheed's 

Fluid Mechanics Laboratories relates to 

the flow of buoyant fluids. A typical study 

program is the determination of how 

liquid hydrogen, stored i n  a tank in 

space, stratifies. This, in turn, deter­

mines the level of pressurization required 

in order to extract all of the fluid. Scien­

tists made a mathematical model of 

what they think occurs inside the tank. 

With this as a guide, an actual tank was 

constructed to obtain measurements 

and photographs of the flow to verify 

their theories. 

LOOK AT LOCKHEED ... AS A CAREER 
Consider Lockheed's leadership in space 

technology. Evaluate its accomplishments 

-such as the Polaris missile, the Agena 

vehicle's superb record of space mis­

sions. Examine its outstanding advantages 

-location, advancement policies, creative 

climate, opportunity for recognition. 

Then write for a brochure that gives you 

a more complete Look at Lockheed. 

Address: Research & Development Staff, 

Dept. M-46 A, P.O. Box 504, Sunnyvale, 

California. Lockheed is an equal oppor­

tunity employer. 

SCIENTISTS & ENGINEERS: In addition 

to positions relating to fluid mechanics, 

other important openings exist for special­

ists in: Inertial guidance. Orbit thermo­

dynamics. Electromagnetics • Mission & 
trajectory analysis . Gas dynamics. 

Chemical  and nuclear p r o p u l s i o n. 

Systems engineering 

LOCKHEED 
MISSILES & SPACE COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 

Santa Maria, California • Cape Canaveral, 

Florida · Huntsville, Alabama . Hawaii 

LOOK AT LOCKHEED IN UIO MECHANICS: 
Taming temperature extremes 
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Tambala between I1winZ,md and island, formed by wave action 

mental work that remains untried. It 
should be possible to simulate the How of 
glaciers by means of silicone putty or 
other plastic media, and the features that 
derive from glacial melting could be de­
veloped in greater detail, perhaps by 
supplementing the melting icc with a 
water source. Then too, dunes and other 
effects of wind erosion can be investi­
gated bv the experimenter who has ac­
cess to a source of compressed air. I have 

reproduced some formations characteris­
tic of arid regions, such as the piles of 
debris known as talus that accumulate at 
the bottom of steep cliffs, simply bv 
pushing dry sand over the top of a rise. 
vVe are continuing to develop new 
stream-table demonstrations here at Co­
lumbia University that are intended to 
serve primarily as teaching aids. The ap­
paratus will also be used in a series of 
research projects." 

TO WIN! 
� 

�� 
• The spurs of technological 
advance in the application 
of small diameter stainless 
steel and special alloy tubing 
are never satisfied. Neither 
are we! Tube Methods 
rides high on the saddle at 
every turn: the greater the 
performance demands by 
our customers, the more 
important our cold-drawing 
experience and pioneering 
talents become. 

• From the realm of nuclear 
spacemanship to the intricate 
applications of medical 
instrumentation, from basic 
tubing specifications for 
consumer hardware 
components to the ultimate 
in quality tubing to meet the 
tedious specifications of 
scientific laboratory 
equipment, TMI is in the 
cold-drawing race to win 
· . .  never to lose. 

• That's the fundamental 
reason why so many 
customers with nationally 
known trademarks depend 
on us to solve their 
tubing problems. __ 1IIIIIIiI"--
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A SPECIAL OFFER TO READERS C ONC ERNED WITH 
THE SOC IAL AND BEHAVIORAL SCIENC ES 

Choose Any Two 
OF 1 7  

OUTSTANDING 
WORKS FREE 

(VALUE TO  $32.00) 
When You Jo;n The Bas;c Book Service 

WHY this Special Gift Offer? Because we 
want to give you the opportunity to join 

57,000 other professionals in enjoying the many 
benefits of THE BASIC BOOK SERVICE . 

From among the many important books in 
the social and behavioral sciences, our editors 
have selected these 17 titles. These are the 
working tools of your profession. Choose any 
two of them-a value up to $32.00-as your 
Membership Gift, along with your first Selec­
tion at reduced Member's Price. Your only 
obligation is to buy as few as three more books 
during the coming year at reduced Member's 
Prices. ( You'll save up to 40%! ) And you get a 
FREE BONUS BOOK with every 4th Selection. 

Whatever your particular interest, you'll find 
THE BASIC BOOK SERVICE an indispens­
able aid in obtaining important volumes at 
sensible prices. May we suggest you mail your 
coupon today to be sure to get the books you 
wish? 

Which 2 works may we send you FREE? 
The Basic Book Service L 1 27 

59 Fourth Avenue, New York 3, N. Y. 

Please enroll me as a member and send me the 
two free books and first Selection I have indicated 
below. B ill me for my first Selection only, at the 
reduced Member's Price, plus postage. I need take 
as few as three more Selections during the next 12 
months from the 200 or more available to me, and 
I receive a Bonus Book of my choice free after 
every fourth Selection. 

2 Membership 1 .  ____________ _ 

Gift Books: 2. ___________ _ 

First Selection ______________ _ 

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

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

City . . . . . . . . . . . . . . . . . . . . . .  Zone . . .  State . . . . . . . . . .  . 

1 80 

HANDBOOK OF ABNORMAL 
PSYCHOLOGY, ed. by H .  J .  
Eysenck. A monumental ref­
erence work ranging over 
the entire field of abnormal 
studies-from diagnosis to 
experimental applications. 
( 277 ) LIST PRICE $ 1 8.00 

MEMBER'S PRICE $9.95 

THE SOC I O LOGY O F  S C I E N C E ,  
ed.  by Barber & H i rsch.  The 
first intensive analysis of sci­
ence as a social phenomenon 
-with contributions by Par­
sons, Shils, Merton, Mead 
and Olhers. (637 ) 

LIST PRICE $9.00 
MEMBER'S PRICE $5.95 

MAN, WORK A N D  SOCI ETY, 
ed.  by Nosow & Form . 82 lead­
ing sociologists, anthropolo­
gists, psychologists and econ­
omists report on work and 
leisure, status and power in 
America today. (42 1 )  

LIST PRICE $8.50 
MEMBER'S PRICE $6.50 

DRUGS AND BEHAV I O R ,  ed.  
by Uhr & M i l ler.  63 scientists 
report on how drugs affect 
normal and pathological 
states-describe progress to 
date in psychopharmacology. 
( 147 ) LIST PRICE $ 10.95 

MEMBER'S PRICE $6.95 

SOC I A L  THEORY AND SOC I A L  
STRUCTU R E ,  by Robert K .  Mer­
ton. Revised, enlarged edi­
tion of Merton's principal 
writings : social and cultural 
theory, sociology of knowl­
edge, etc. ( 6 84 )  

LIST PRICE $7.50 
MEMBER'S PRICE $5.75 

T H E  A N C I E N T  S U N  K I NG­
DOMS, by Victor W .  von Ha­
gen. A lavishly illustrated, 
620-page volume, vividly re­
creating the splendor and 
magnificence of the Aztecs, 
Incas and Mayas. 

LIST PRICE $ 1 2.50 
MEMBER'S PRICE $7.95 

HOMOSEXU A L I TY ,  by I rving 
Bieber & Associates. A com­
prehensive, thoroughly scien­
tific report on the origins 
and development of homo­
sexuality in men. Based on 
a 9-year study. ( 30 1 ) 

LIST PRICE $8.50 
MEMBER'S PRICE $6.50 

GROUP DYNAM I C S ,  ed.  by 
Cartwright & Zander. A re­
vised edition of the modern 
classic on group study . . .  
special data on group co­
hesiveness, pressures, stand­
ards, goals, structures. ( 2 5 8 )  

LIST PRICE $7.25 
MEMBER'S PRICE $5 .90 

B I O LO G I C A L  AND B I OC H E M I ­
CAL B A S E S  OF BEHAV I O R ,  e d .  
by Harlow & Woolsey. Twenty 
authorities report recent re­
search findings on correlat­
ing data from the behavioral 
and biological sciences. ( 4 3 )  

LIST PRICE $8 .00 
MEMBER'S PRICE $5.95 

MAN K I N D  EVOLV I N G ,  by 
Theodosius Dobzhansky. The 
distinguished zoologist ex­
plores ways of understand­
ing man's evolution as the 
interaction between biologi­
cal and cuI tural components. 
( 1 97 ) LIST PRICE $7.50 

MEMBER'S PRICE $5.95 

METHOD AND TH EORY I N  EX­
P E R I M E NTAL PSYCHO LOGY, by 
Charles E. Osgood . His major 
synthesis of fact and critical 
theory, covering learning and 
the sensory, perceptual and 
symbolic processes. Illustrat­
ed. (442 ) 

LIST PRICE $ 1 4 .00 
MEMBER'S PRICE $7.95 

CREA T l V ITY AND I N T E L L I ­
G E N C E ,  by J . W .  Get,e l. & 
P. W. Jackson. A full report 
on the most important in­
vestigation ever made into 
the relationship between high 
creative potential and high 
intelligence in adolescents. 
( 1 1 7 )  LIST PRICE $5.95 

MEMBER'S PRICE $5.25 

THE O R I G I N  O F  RAC E S ,  by 
Carleton S .  Coon. The first 
detailed theory of evolution 
of the five races of man, 
drawn from extensive evi­
dence. "Will stand as a mile­
stone in the study of fossil 
man."-Scientific American. 
( 509 ) LIST PRICE $ 1 0 .00 

MEMBER'S PRICE $7.50 

TH EOR I E S  O F  T H E  M I N D ,  ed.  
by Jordan Scher. Experts from 
many disciplines offer pro­
vocative and "humanistic­
ally-oriented" answers to the 
ancient problem of ;'What 
is M ind?" ( 7 1 9 )  

LIST PRICE $ 1 2.50 
MEMBER'S PRICE $8 .95 

TACT I C S  O F  S C I E N T I F I C  RE­
SEARCH,  by Murray l .  Sidman. 
An illuminating account of 
how the scientist's behavior 
affects the course and results 
of his research-with numer­
ous examples from the au­
thor's own work. (721 ) 

LIST PRICE $7.50 
MEMBER'S PRICE $5.95 

THEOR I E S  O F  PERSON A L I TY, 
by Hall  & L i nd.ey. First ob­
jective survey of major views 
of personality : covers theo­
ries of Freud, J ung, Adler, 
Fromm, Horney. Sullivan, 
Murray and others. ( 7 3 8 )  

LIST PRICE $6.50 
MEMBER'S PRICE $5.25 

SOC I O LOGY TODAY, ed.  by 
Merton, Broom & Cottre l l .  A 
wide-ranging anthology of 
writings on trends, prob­
lems, and prospects in soci­
ology. Includes sociology of 
family, art, science, etc. 
( 6 8 5 )  LIST PRICE $7.50 

MEMBER'S PRICE $5 .95 

The Basic Book Service 59 FOURTH AVENU E  
N E W  YORK 3, N . Y. 
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by Dennis] I. WTl'ong 

CENTURIES OF CHILDHOOD : A SOCIAL 

HISTORY OF FAMILY LIFE, by Philippe 
Aries. Alfred A. Knopf, Inc. ( $8.50 ) .  

T
he average social scientist i s  thor­
oughly ignorant of Western social 
history. He is likely to know more 

about the kinship system of the Tro­
briand Islanders and the sexual mores 
of the Eskimos than he knows of the 
attitudes toward children or the kind of 
school system that existed in western 
Europe before the 19th century. Phi­
lippe Aries' Centuries of Childhood, 
which intensively explores the last sub­
jects, among others, is bound therefore 
to come as something of a revelation, 
casting a new light on the contempo­
rary sociologist's favorite generalizations 
about recent trends in parent-child rela­
tions , the connection between the family 
and the larger society, and the "sociali­
zation" of the young in general. 

That marriage and the family are uni­
versal institutions and that all societies 
must make provision for the mainte­
nance and socialization of children 
( which, indeed, is what primarily ac­
counts for the universality of marriage 
and the family ) are today sociological 
commonplaces. It is also well known 
that our contemporary laws governing 
marriage, divorce and the rights and 
obligations of parenthood, our kinship 
nomenclature and the balance we strike 
between the family group created by 
marriage and the extended family of af­
final relatives ( "in-laws" ) are deeply 
rooted in the �Testern past, stemming 
from Hebrew, Christian and classi­
cal influences. Demographic historians 
have, however, only recently become 
fully aware of the distinctiveness of the 
'Western family as an enduring "struc­
tural type" when contrasted with the 
joint family systems of the great Asian 
civilizations . The Western family, they 
have concluded, stresses to a unique de­
gree the priority of the marriage relation 

BOOKS 
An account of the evolution 
of our concept of childhood 

over ties of unilateral descent and thus 
grants greater economic and residential 
independence to the married pair and 
their offspring than is common in the 
Orient, where the nuclear group is ab­
sorbed into a larger household of pater­
nal kin. 

The interest of demographiC histo­
rians has centered on the different ef­
fects of the Western and Asian family 
systems on the level of the birth rate 
and attitudes toward procreation, a dif­
ference that may have considerable 
bearing on the future of the underde­
veloped countries now experiencing a 
population explosion that began in the 
West nearly two centuries ago. The 
Western family type was, of course, 
firmly established long before Europe's 
demographic revolution, and it may well 
have provided a favorable setting for 
the eventual mass adoption of birth con­
trol that has curtailed rapid \Vestern 
growth in the present century. In fact, 
the recent work of several demographic 
and economic historians contains the 
germs of a "familistic" theory, not only 
of the Western population transition but 
also of the genesis of capitalism and the 
Industrial Revolution themselves, which 
have so often been treated as independ­
ent causes of demographic change. 

Aries is a demographic historian, the 
author of an important study of French 
population since the 18th century. It 
was "the study of modern demographic 
phenomena," he tells us, that led him 
to conclude that "the family occupied 
a tremendous place in our industrial so­
cieties and that it had perhaps never 
before exercised so much influence over 
the human condition." Such a conclu­
sion flatly contradicts the widely held 
view that the family has suffered a de­
cline in industrial society, that-in the 
language of an influential school of fam­
ily sociologists-it has been "losing its 
functions" and becoming in consequence 
a less significant focus of our lives. Ac­
cordingly, although Aries' point of de­
parture was demographic history, he 
has gone beyond it in an attempt "to 
look back into our past to find out 
whether the idea of the family had not 

been born comparatively recently . . . " 
The result is a book that, although of 
limited interest to the population spe­
cialist, is endlessly fascinating to stu­
dents of the family, of life in the pre­
modern �Test in general and of the 
changing sensibilities of Western man 
as expressed in his manners, morals, art 
and religion. 

The hard facts of demography and 
the only slightly less firm data on the 
formal structure of the family are quick­
ly passed over as the author attempts 
to trace a moral revolution in the evalu­
ation of childhood, the treatment of 
children and the significance attached 
to family l ife. Personal memoirs and 
correspondence, family portraits, the 
echoes of the past buried in colloquial 
speech, the subjects and genres  of clas­
sical painting, religious and "pro­
fane" iconography, manuals of etiquette, 
the published sermons of moralists, 
old school registers, official histories of 
educational institutions-these are his 
sources, as they must necessarily be 
those of social historians studying be­
liefs and customs that were so taken for 
granted as the backdrop of daily life 
they left few enduring records of their 
existence in an age antedating universal 
literacy, the ubiquity of the printing 
press and the omnivorous fact-collecting 
of modern social science. 

How did our European cultural and 
biological ancestors evaluate childhood 
as a period of life in the 16th,.17th and 
1 8th centuries, the era that is the seed­
bed of so much of the "modern" and 
the graveyard of so much of the "med�­
eval"? When did they first begin to see 
childhood as an irrecoverably previous 
age, worthy of celebration and fixation 
in art, requiring enrichment by parental 
solicitude and protection from too early 
exposure to the corruptions and work­
aday cynicism of adult life? Was the 
late medieval and early modern world 
addicted to the extreme age-grading we 
take so much for granted today? ( "How 
old are you?" is usually the first question 
we put to a child we have just met. ) 
How did the grouping of children into 
school classes differentiated by both 
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An important new book 

on the physics, chemistry 

and physiology of matter, 

from the beginnings of 

science to today. 

THE ARCHITECTURE 
OF MATTER 
By STEPHEN TOULMIN 

and JUNE GOODFIELD 

The world of Nature is populated 
by a bewildering variety of mate­
rial objects and substances: stars, 
gases, stones, leaves, atoms-:and 
men. Ever since 600 B. C. philos­
ophers and scientists have been 
trying to see all the pieces in this 
kaleidoscope within a consistent 
framework of basic principles. 

Here is an embracing survey of 
the intellectual traditions from 
Thales and Aristotle to Heisen­
berg and Crick, bringing out for 
the first time the full continuity 
linking the problems and modes 
of modern science to those of 
earlier centuries. And in a chal­
lenging climax the authors show 
how the many opposing theories 
may be resolved in a new syn­
thesis. Illustrated. Index. $7.50 

By the same authors 

THE FABRIC 

OF THE HEAVENS 
THE DEVELOPMENT OF 
ASTRONOMY AND DYNAMICS 

"A dashing and brilliant book. 
. . . Admirably written judged 
even by the very high standards 
of Russell or Eddington or 
Hardy. The authors have a splen­
did gift of communicating intel­
lectual excitement." -C. P. SNOW. 

Illustrated. Index. $5.00 

At all bookstores 

HARPER & ROW 
Publishers, N. Y. 16 

age level and progressively more "ad­
vanced" subjects of study evolve-a fea­
ture of modern schooling that has not 
been questioned even by the most radi­
cal educational reformers? Is the notion 
of the family as the arena of an intense 
"private life," a fortress protecting the 
individuality of the person, truly an an­
cient heritage of Western culture, as is 
so often assumed by writers bewailing 
the forces of "mass society" tbat are 
today allegedly breaching its walls? 

Tbese are the main questions to which 
Aries addresses himself. His answers re­
veal a fundamental change of outlook, 
a transformation of sensibility, that took 
place in the period he covers. This 
change occLllTed within the structural 
type of the Western family institution, 
'which remained constant throughout. 
Aries' data therefore suggest that cru­
cial historical shifts in feeling and imagi­
nation may escape the notice of con­
temporary sociologists whose "structural 
bias" disposes them to stress enduri ng 
institutional forms subject at most to 
gradual modifications of type. "Not that 
the family did not exist as a reality,"  he 
observes of the period preceding the 
changes he has described, "but it did 
not exist as a concept." 

Nor does Aries find that the demo­
graphic changes of the early modern 
period account for the revolution in 
sensibility he records ;  it would be high­
ly plausible to interpret an increased con­
cern with childhood and a new solicitude 
for children as results of the decline in 
infant mortality that made it easier for 
paren ts to cherish each child as an i rre­
placeable individual by reducing the 
risk of early death and the resulting 
shock of bereavement. But Aries finds 
that the new interest in the child pre­
ceded by more than a century the medi­
cal and public health discoveries that 
decisively reduced infant mortality. He 
suggests, in fact, that the causal link 
may have run in the other dircction , with 
increased concern for children produc­
ing a state of mind favorable to all hy­
gienic precautions and to the rapid 
spread of such particular innovations as 
smallpox vaccination. 

Centuries of Childhood is divided into 
three sections. The first deals with "the 
idea of childhood." Evidence ranging 
from iconography depicting the "ages of 
life" to the history of games and chil­
dren's dress is surveyed to show the 
evolution from the complete lack of at­
tribution of anv special character to child­
hood in medieval society to the intense 
preoccupation with the physical, moral 
and-more recently-psychological wel­
fare of children that had developed bv 

the 18th century and still obsesses us 
today. The second section, occupving 
roughly half the book, is a history of 
schooling from the Middle Ages to

' 
the 

end of the ancien regime, comprehen­
sively tracing the growth of different 
types of school and their curriculums. 
the origins of the school class, the prog­
ress of discipline and the development 
of age-grading in education. The book's 
final section discusses the family, par­
ticularly the "concept of the family." 
We are shown the metamorphosis of the 
great, sprawling aristocratic and middle­
class households of the late Middle Ages, 
scarcely distinguishing between mem­
bers of the family, servants and regular 
visitors , into the sharply defined unit of 
the married couple and their children, 
ensconced in the absolute privacy of 
their "home," that constitutes the mod­
ern family. 

Aries draws his material primarily 
fr0111 French sources, particularly in the 
section on the school, although he makes 
a sustained effort to cover developments 
in England as well. Germany, Switzer­
land, the Low Countries and Italy are 
referred to occasionally, usually when 
the evidence is iconographic. The Latin 
texts of the Church fathers and the later 
Henaissance humanists were influential, 
of course, throughout western Europe, 
so that much of Aries' account of earlv 
pos tmedieval society refers to genen;l 
conditions and needs no specific geo­
graphic reference. 

Artists in the M iddle Ages were not 
even capable of correctly drawing chil­
dren. They pictured them as little men, 
fully equipped with the muscular de­
velopment and bodily proportions of 
adults. And children were pictured only 
in religious art; although adult portrai­
ture was popular, no effort was made to 
preserve the transitory likeness of the 
child until funeral effigies of dead chil­
dren became common in the 16th cen­
tury. Before this time and for a con­
siderable period afterward in the lower 
classes and rural areas, the child was re­
garded at most as a charming little plav­
thing, a domestic pet, and his death was 
not much more of an occasion for grief 
and mourning than is that of a pet dog 
or cat today. 

In the M iddle Ages children were 
weaned rather later-at about the age 
of seven-than is the custom today, but 
as soon as weaning was completed the\' 
were removed from the care of their 
mothers or nurses and plunged straight 
into adult life. There were no special 
games or pastimes considered to be ex­
clUSively appropriate for children. Games 
like bl indman's buff or hide-and-seek, 
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• The payoffs are known. The Scissors·Paper·Rock game matrix*provides a
:

mathematical abstraction of the conflictsituati�n. 

Now a Game Theory analysis can be performed. 
·
Its objective is to answer the q uestion of how best to play the gar11e�"""", 

. Strategy options in real·life conflicts are exceedingly more complex. To select the optimal course of aCtion is the major move 
. . 

in our global game . To this end do our engineers design command and control systems tociay for tomorrow's offensive a
·
nd 

. defensive moves. � If you seek to devote your scientific skills to determining lorig·range strategies and their associated 
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which later were regarded solely as 
childish diversions, and which are still 
part of the strangely traditional and 
autonomous culture of childhood, were 
originally plaved by adults too. Con­
versely, children of five and six played 
chess, danced complicated ballet steps 
and learned to perform on the lute and 
violin. 

No effort was made to conceal the 
facts of sexuality from small children. 
Their sex organs were fondled and joked 
about by adults. The lack of privacy 
in the medieval household, where any 
room might serve temporarily as a bed­
room and where adults and children 
commonly shared the same bed, made 
it difficult for adults to conceal their 
sexual activities from children ; indeed, 
they had little inclination to do so. 
Freud's once shocking discovery of in­
fantile and childish curiosity about sex 
was no more than a rediscovery of what 
medieval parents and nurses matter-of­
factly assumed. In this sense the now 
vanished Victorian belief in childish 
innocence did not exist in medieval so­
ciety, although open references to sexu­
ality before children were permitted be­
cause it was thought that children lacked 
all true sexual motivation before the age 
of puberty. There was no awareness of 
the connection between infantile and 
adult sexuality on which psychoanalysis 
so strongly insists. 

The change from the casual medieval 
attitude toward childhood to our current 
tense concern with it passed through 
several s tages .. By the 16th century adult 
expressions of pleasure at the playful­
ness and prattling of small children ,  a 
pleasure that had previously "formed 
part of the huge domain of unexpressed 
feelings ," amounted virtually to a "cult 
of the child" in upper-class families. No 
less a personage than Montaigne pro­
tested irritably: "I cannot abide that 
passion for caressing newborn children , 
which have neither mental activities nor 
recognizable bodily shape by which to 
make themselves lovable, and I have 
never willingly suffered them to be fed 
in my presence." Yet, as Aries points 
out, Montaigne's very annoyance at the 
"coddling" of children "was as novel as 
'coddling,' and even more foreign . . . to 
the indifferent attitude of people in the 
Middle Ages." His wish to segregate 
children from adults was shared by the 
17th-century moralists and pedagogues 
whose "fondness for childhood and its 
special nature no longer found expres­
sion in amusement and 'coddling' but in 
psvchological interest and moral solici­
tude." 

These moralists and pedagogues-of 

whom the Jesuits and the Jansen ists of 
Port Royal were the most important in 
France-eventually won the dav. Their 
victory resulted in the creation of a svs­
tem of schooling conceived of as being 
a careful, methodical preparation of the 
child for adult life. The contrast with 
the old free mingling of children and 
adults in the Middle Ages could scarelv 
have been greater. Moreover, the goals 
of education were no longer merely in­
tellectual or vocational but included the 
shaping of the child's moral character 
as well. Thus the school became a thor­
oughly authoritarian institution in which 
a corps of disciplinarian masters ruled 
over a "pl:oletariat" of powerless cbil­
dren. The old freebootery of student life 
in the Middle Ages-next to which the 
much deplored hedonism and irrespon­
sibility of our contemporary adolescent 
and college-age youth seem tame-be­
came a thing of the past. The shutting 
off of. the child in a separate, hierarchical 
world outside the family reached its ze­
nith in the boarding schools of the 19th 
century, of which the great English pub­
lic schools are the best-known examples .  
The reaction to this incarceration of the 
child in educational prisons came at the 
end of the 19th century, when "the fam­
ily was substituted for the school as the 
predominant moral setting ." 

Most of the developments I have sum­
marized applied to boys alone. Girls 
remained comparatively undifferentiated 
from women for a longer time : in dress ; 
in the more tenacious belief that, except 
for religious instruction, they needed no 
special education outside the family, 
which effectively delayed the extension 
of schooling to girls until the late 18th 
and early 19th centuries; and in the sur­
vival through the 17th century of an ex­
ceedingly early age at marriage for fe­
males-13- and 14-year-old brides were 
by no means uncommon. 

The interest in childhood, first mani­
fest in the 16th century, was part of a 
developing interest in the family-that 
is, the "nuclear family" of parents and 
children-that originated in the 15th 
century, coinciding with a decline in the 
value attached to the hereditary line. 
The hereditary line had been glorified in 
medieval society, although it had never 
been the basis for the household group 
and so lacked the "functional" economic 
and child-rearing significance of the 
Oriental unilineal descent group. The 
Church disapproved of the emphasis on 
the "pagan" blood ties of the hereditary 
line, but it did not assume full control 
of marriage, transforming it into a sac­
rament, until the 13th century. And it 
was not until the 16th century that the 
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family became a theme of religious 
iconography. At the same time, the prac­
tice of private family prayers and wor­
ship became common, indicating the 
new value attached to a group that had 
previously "existed in silence," failing to 
"awaken feelings strong enough to in­
spire poet or artist . "  

But before the family could come to  
be  regarded as  the virtual extension of 
the self that it is today, or even the lail 
from which one sallied forth to engage 
the outside world of the Victorian peri­
od, more mundane changes in the con­
ditions of life had to take place. Thc 
houses of the rich un til the end of the 
1 7th century "sheltered, apart from the 
family proper, a whole population 01 
servants, employees, clerics, clerks, shop­
keepers, apprentices and so on." No clem 
distinctions were made between social, 
professional and private life, which 
brought together much the same people 
in any case. All activities were carried 
on in the family's living quarters, where 
the same rooms served successively­
and often simultaneously-as salons, of­
fices and bedrooms. It was the social 
(and often enough sexual ) promiscuity 
of life in the big houses that spurred the 
clerical pedagogues to their task of 
building a school system that would ef­
fectively remove the child from the fam­
ily during what were regarded as his 
formative years. In spite of the earlier 
development of a new emotional rela­
tion between parents and children, it 
was not until the 1 8th century that "the 
family began to hold society at a dis­
tance, to push it back beyond a steadily 
extending zone of private life." The 
change was reflected in the new struc­
ture of tIle house: the old all-purpose 
rooms disappeared to be replaced by 
specialized bedrooms and dining rooms, 
and the rooms now opened off a central 
corridor, so that it was no longer neces­
sary to pass through each room in tra­
versing the housc. Privacy and domes­
ticitv, those two prized and interlinked 
modern valucs, werc born together. 

It is not feasible to summarize all the 
information assembled by Aries that 
challenges the stereotyped view of the 
past held even bv most scholars and 
social scientists .  One major conclusion 
suggests itself, althollgh mv own ignor­
ance may have given me an exaggerated 
view of its novel tv. VVe are accustomed 
to regarding the �

'
Iiddle Ages as an "age 

of faith" and to seeing our subsequent 
historv as a steady movement away from 
a spiritually unified medieval Christen­
dom toward the pluralistic, secularized. 
science-centered world of the present .  
The Renaissance, the Reformation, the 
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Enlightenment and the Industrial Hevo­
lution are seen as successive stages in 
this movement. But Aries' data suggest 
that Christian ideas and sensibility had 
little vital influence on social relations 
and daily life until the 16th century. 
Although the Church was a crucial uni­
fying and centralizing institution in the 
polycentric world of medieval feudalism, 
its relation to daily life , to the web of 
custom, resembled more closely the re­
lation of the Catholic Church today to 
the syncretic culture of the part-Indian , 
part-Negro populations of Central Amer­
ica than it resembled the later clerical 
reshaping of domestic habits achieved 
hy the. reformers of the Reformation and 
the Counter Heformation . Thus our mod­
ern sensibility, while it may properly be 
described as post-Christian, is in no 
sense postmedieval. In our attitudes to­
ward the family and ch ildhood we stand 
in vital respects closer to Christian 
thought and feeling, even in its more 
moralistic and puritanical forms that we 
see ourselves as reacting against, than 
to the gay, casual, frequently coarse 
outlook of the Middle Ages, which can­
not even be characterized as the reverse 
of "child-centered" since it lacked any 
distinct conception of childhood . 

Social history of the kind Aries gives 
us reveals more fully than other kinds 
of history the value of what is called 
historical perspective.  It does so because 
in exploring the world of childhood and 
the family, a world in which we are all 
intimately involved, it succeeds in com­
municating more profoundly a sense of 
the strangeness of time and change in 
the life of man and society. Our famili­
arity with the subject is enhanced be­
cause it is the life of our own historical 
ancestors that is described in Centllries 
of Childhood. Echoes of that life persist 
today in the form of beliefs, archaisms 
of speech and minor customs, twisted 
and distorted in the crucible of histori­
cal transformation, surviving in "form" 
but not in "function," as the anthropolo­
gist would put it. Yet the very fact that 
this is so, that we are tied to the men 
and women of the Middle Ages by a 
thread of cultural continuity, enables us 
to experience more deeply what the 
anthropologist calls "culture shock" in 
confronting these lives so different from 
ours and yet marked with faint but de­
cisive traces of similarity . No reading of 
anthropological materials on the kin ship 
systems and domestic lives of primitive 
peoples can have such an impact . Nor, 
with all his opportunities for field obser· 
vation, is it  as easy for the anthropologist 
to succeed in discovering in his data "the 
tremor of life that he can feel in his own 
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existence," to quote Aries' brilliant sum­
mation of the ultimate aim of the social 
historian. 

Short Reviews 

NT ATUHE ADHIFT, by James Fraser .  
Dufour Editions ( $8 . 95 ) .  This is a 

lovely book about the marine plankton. 
The word "plankton" is a scientific om­
nibus term directly borrowed from the 
Greek in 1887 by the German zoologist 
Victor Hensen; it means that which is 
passively drifting or wandering. It cov­
ers an enormously varied constituency 
of fishes and other salt-water organisms 
ranging in size from minute flora a ten­
thousandth of an inch in diameter to the 
largest jellyfishes,  such as the big stinger 
Cyanea, which is a yard or so across and 
has a thick set of tentacles that can ex­
tend as far as 30 feet. The term is use­
ful, but it is far from precise in that 
many of the animals to which it is ap­
plied are not really passive drifters . They 
can swim, although their movements are 
small compared with those of the water 
itself, and they can move up and down 
to a surprising extent . Their general dis­
tribution, however, is determined by 
thcir environment . It should be pointed 
out that the term "plankton" includes 
the "young free-living stages of many 
animals that are relativcly sedentary 
as adults ,  such as the mollusks and bar­
nacles ,  the young stages of bottom­
dwelling animals such as crabs and 
worms,  the floating fish eggs and the 
young fish after they hatch and beforc 
their own swimming powers are suffi­
ciently developed for them to choose 
their own whereabouts ."  In addition to 
the plankton, comprising permanent and 
transient members, there are two other 
main alilmtic communities : the benthos, 
which live on the bottom, and the nek­
ton, which swim about freely . 

After a brief historical sketch and a 
chapter on methods of separating the 
tiny and middle-sized organisms from 
the water-both the simple things any 
amateur can do and the sophisticated 
procedures and apparatus of the spe­
cialist-Fraser describes in detail many 
of the faSCinating and exotic kinds 
of plankton. He covers, among other 
things, the tiny nanopJankton, some of 
which have flagella that enable them to 
swim several times their own length in 
a second ;  thc beautifully sculptured dia­
toms, abundant since Cretaceous time, 
that have thick shells of silica and can­
not swim and whose skeletons carpet 
tbe ocean floor; tbe phosphorescent di­
noflagellates that in vast crowds emit 
an undefined "cloud of light"; the coc-
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colithophores, minute plants that are 
housed in calcareous plates and require 
so little light that in clear waters they 
live most abundantly at a depth of about 
1 ,000 feet. 

To the zooplankton belong the proto­
zoa, the sea anemones, the corals and 
the incredibly shaped jellyfishes. The 
above-mentioned Cyanea, in spite of its 
stinging tentacles, forms a protective 
urn brella for schools of small fishes, par­
ticularly young whitings and rocklings, 
which use the umbrella for a sunshade 
on bright days and appear to be im­
mune to the jellyfish's sting. There are 
also the worms, the mollusks ( including 
the sea butterfly Spimtella, which gives 
out a sepia-colored stain that darkens 
the inside of herring that feed on the 
organism, producing what is known in 
the trade as "black gut" and impairing 
their preservability ) ,  the comb jellies, 
the squids and the octopuses ;  the many 
hundreds of species of copepods, whose 
total numbers in the sea reach astronom­
ical figures ;  the Amphipoda, including 
the water-jumping species Themisto, 
whose outer surface has the surprising 
property of being unwettable, so that if 
any part of it comes above the water the 
effect of surface tension brings the rest 
out to float, quite dry ; the Thaliacea, a 
species of which ( Thalia dem ocratica ) 
lives in aggregates of loosely attached 
chains . 

One learns that around the Faroe Is­
lands the annual production of haddock 
eggs alone-which on hatching enter a 
planktonic stage-is about six trillion and 
that pilchard eggs in the English Chan­
nel run yearly to 400 trillion, that an 
intriguing new hypothesis has been ad­
vanced to account for the strange life 
history of European and American eels ; 
that the fairy shrimp M ysidacea has bal­
ancing organs in the inner vanes of its 
tail, each of which holds a tiny pebble 
free to move about in a spherical con­
tainer and let the shrimp know which 
way up is . Geographical and seasonal 
distribution of the plankton are dis­
cussed, as are the food chain in the sea, 
the plankton's relation to the fisheries, 
how different zooplankton move ( diur­
nal migrations of microorganisms in the 
lagoon at Bikini after the atomic explo­
sion led to the curious effect that the 
radiation level of the ships lying there, 
not very great at first, increased steadily 
each night as the organisms, each carry­
ing a small dose, rose and were eaten 
by the barnacles attached to the ships' 
bottoms ) , plankton as a food for man ( a  
difficult and questionable resource ) and 
as a fertilizer for the sea ( that is, the 
necessity for increasing the growth of 
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yo u r  o l d  penci l  and paper methods.  I f  t h e  
Boh n Con tex saves you  a h a l f  h o u r  a week ,  
i t  doesn ' t  t a ke l o n g  before  i t  pays i ts  way and 
becomes p u re p rofit .  

At $ 1 25 * the Boh n Contex is  c e rta i n l y  
worth a t ry - e s p e c i a l l y  a f r e e  t ry. 
P.  S .  There ' s  a l s o  t h e  Boh n Contex Electric. 
S a m e  size, s a m e  fea t u res ,  but s t i l l  g reater  
ease  b e c a u s e  the  motor  does the work.  
Only $235. * 'PlUS f. E.T. 

M a i l  coupon today a n d  get a free trial .  

B O H N  B U S I N ES S  MACH I N ES I NC. Dept. M ·'3 
444 Pork  Ave n u e  S o u t h ,  N e w  York 1 6, N. Y. 
G e n t l e m e n : 

o l e n d  me a B o h n  Contex- M a n u a l  Mod e l .  

o l e n d  m e  a B o h n  Contex- E l e c t r i c  Ma d e l .  

o S e n d  m o r e  i n format ion  a n  B a h n  Cantex.  

NAME ______________________ __ 

F I  RM NAM E __________________ _ 

A D D R E S S  ____________________ _ 

C I TY _________ Z O N E_STAT E ____ _ 

Bohn B U S I N ESS MAC H I N ES I N C. 
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E N G I N E E R S  • S C I E N T I S T S  

Why you. should send 
f'or this paper 

The f ie ld  i s  sti l l  in  its i nfa ncy . . .  but not 
for long.  

From a strict systems pOint of v iew,  the 
p ro b l e m s  a re varied a n d  u n u s u a l l y  com· 
p lex.  M eeti ng them o n  a d a i ly bas is  a re 
t h e  sc ient ists a n d  engin eers of ITT­
I n telcom ,  I n c . ,  a com pact, n ew orga n i ­
zat i o n  fo rmed b y  ITT i n  Nove m b e r, 1 962, 
to p u rs u e  sate l l ite com m u n icati o n s  sys­
tems stu d i es o n  an exc l u s ive bas is .  

To l ea rn m o re a bout the i m m ed i ate a n d  
long·term c h a l l e nges o f  t h i s  work, write 
u s  for a repri nt  of a pape r written by 
Dr.  W. M. Du ke, Pres ident  of I TT· l ntel ·  
co m .  Or ig i n a l ly p rese nted at t h e  1 962 
A i r  Force Associat ion a n n u a l  convent io n ,  
i t  offers a n  i l l u m i nat i ng d iscuss ion o f  o p ·  
eratio n a l  system criteria a n d  a lternative 
conceptu a l  a p p roaches to com m u n ica·  
t i o n  sate l l ite system s .  

A l o n g  w i t h  the re print,  w e  w i l l  e n c lose 
data s h eets outl i n i ng posit ions c u rrently 
open at I ntelco m .  If  you a re i n terested 
in i m m ed iate cons iderat ion fo r e m pl oy­
m ent, k i n d ly e n c lose a com p l ete res u m e  
w i t h  you r  rep r i n t  req u est. Oth erwi se, 
m e rely ask fo r the repr int and we' l l  be 
g l a d  t o  f o r w a r d  i t  to y o u  w i t h o u t  
o b l i g a t i o n .  

IMMEDIATE OPENINGS 
Com mun ication Traffic Eng ineering 

Com m u nications Theory 
large-Sca le System Operations 

Analysis 
Modulation I Demodulation/ 

Anti-Jam Techniques 
Operations Research 

Orbita l Mecha nics 
Reliabil ity Mathematics/ Statistics 

Reliabil ity Systems Analysis 
Space Environment Physics 

Spacecraft M echanical & 
Dynamic Systems 

Telecommunication System 
Planning and Analysis 

Address your request or resume in con­
fidence to M r. H.  T. Curran,  Box 93-G, 
ITT-Intelcom, Inc. ,  5817 Columbia Pike, 
Bailey's Crossroads, Virginia.  ( 1 5  min. 
from downtown Washington,  D. C.) 

Iff 
I NTELCOM, INC. 
Inlemalional Telephone 

and Teleeraph Corporation 
An Equal Opportunity Employer 
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plankton in  order to  increase the  fish 
population ) .  The book has many fine 
diagrams and superb photographs, some 
in color. 

NTRONOMY, by Fred Hoyle . Double­
- day & Company, Inc .  ( $ 12 . 95 ) .  
One has come to expect from Fred Hoyle 
sound, clear, attractively written popu­
larizations of science . He is a fine astron­
omer with a comprehensive grasp of re­
lated sciences such as physics, and he has 
an original cast of mind, as exhibited 
both in his professional and in his liter­
ary work . This book is up to his mark. 
It is a history of man's investigation of 
the universe from ancient times to the 
present, with explanations of the major 
principles and achievements, descrip­
tions of the tools of astronomy, of the 
work of the Greeks, of such pre-cminent 
figures as Copernicus ,  Galileo, Kepler 
and Newton.  Separate chapters are de­
voted to the theory of gravitation, the 
post-Newtonian era, the nature of light, 
the birth of modern astronomy, stars as 
thermon uclear reactors, the structure of 
our galaxy and the several contemporary 
hypotheses about the dynamics and na­
ture of the universe. Characteristic of 
Hoyle's independence of view is his up­
grading of Ptolemy, based on a search­
ing analysis of his procedures, and a 
somewhat surprising depreciation of 
Galileo's contribution to theory . vVheth­
er or not one agrees with these assess­
me:1ts, one cannot fail to be enlightened 
by Ho)e's clear and forceful exposition . 
The book has more than 400 illustra­
tions and diagrams,  including a number 
of color reproductions . 

RECENT DEVELOPMEl\'TS IN GENERAL 

RELATIVITY. A Pergamon Book. The 
Macmillan Co. ( $8 ) .  This book, dedi­
cated to Leopold Infeld, a leading stu­
dent of relativity theory, consists of 40-
odd papers dealing with such matters 
as motion, relativity and cosmology, the 
quantization of the gravitational field, 
experimental verifications of general 
relativity theory, relativity based on chro­
nometry, the analogy between charge 
and spin in general relativity, interacting 
gravitational and spin or fields . Many 
prominent scientists from different parts 
of the world are contributors . Relativity, 
it is evident, is as current and lively a 
subject as ever .  

KNoWLEDGE AND WONDEH,  by Victor 
- F. Weisskopf. Doubleday & Com-

pany, Inc.  ( $4 .95 ) . This book is based 
on a series of lectures that vVeisskopf 
gave at the Buckingham School in Cam­
bridge, Mass . ,  to an audience of young 

students, faculty and parents ; in other 
words , to people with no special ground­
ing in science. It is a kaleidoscopic view 
of what man knows today about his 
world. Chemistry, physics, geologv, as­
tronomy and biology ( including bio­
chemistry ) are all drawn on to compose 
the picture . The author has done an 
admirable job in the brief space of little 
more than 200 pages .  He is unfailingly 
lucid, he uma vels the hardest knots 
(luickly and gracefully, his metaphors 
and analogies give light to the mind. It 
would be difficult to find a more painless 
introduction to modern notions of as­
tronomy and cosmology, electricity and 
magnetism, nuclear physics and quan­
tum theory, the chemical processes of 
life . Highly recommended. 

NoLL ENVlHOl\'MENT Al\'D E COLOGY, by 
Herold J. Wiens .  Yale Universitv 

Press ( $ 15 ) . Based on a great mass of 
data, some of it old but much of it new, 
and in part on the author's observations 
during field trips, this book describes 
the landscape and the physical and bio­
logical complex of the coral atoll in its 
tropical setting .  Main topics include the 
geography, topography and geolog" of 
atolls ; weather and climate in the Pa­
cific atoll area; the effect of ocean cur­
rents, waves and storms on atolls ; tbe 
nature and distribution of atoll fauna 
and Hora; human life on atolls . .\Ilany 
diagrams, maps and plates . 

'r HE CIW FOR HELP , edited by Norman 
- L. Farberow and Edwin S. Shneid­

man. McGraw-Hill Book Co . ,  Inc .  
( $9 .95 ) .  A co-operative volume con­
cerned with the phenomenon of suicide . 
The two main categories cover the com­
munity response to the problem and the 
psychotherapeutic response .  A number 
of essays that set forth the explanations 
of the suicidal instinct given by leading 
psychoanalysts make it painfully clear 
how little theory has added to the under­
standing of this dark and complex ques­
tion . An extensive bibliography of some 
65 pages covers the writings on suicide 
from 1897 through 1957. 

N A "AHO WITCHCHAFT, by Clyde Kluck-
hohn . Beacon Press ( $4 .95 ) .  A re­

print of the late anthropologist's classic 
study of the beliefs and practices of 
Navaho witchcraft, drawing on the fields 
of psychology, linguistics , cultural his­
tory and social psychology. Kluckhohn 
took the position that the belief in witch­
craft and the accompanying practices 
had both good and bad effects on Nava­
ho society, and he offers much evidence 
in support of his view. The second part 
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PhD's 
Sa n d i a  Corpora t i o n  i s  vita l ly i nte rested i n  P h D ' s  w h o  a re seeki n g  p rofess i o n a l  

g rowth t h ro u g h  fu l l - t i m e  resea rc h .  

Sa n d i a  offe rs except i o n a l opport u n ity for t h e  rese a r c h - o r i e nted P h D  i n  t h e  

fo l l ow i n g  fi e l d s :  Physics,  M ateri a l s  Sc i e n ce ,  E n g i n ee r i n g ,  M at h e m at i c s ,  

C h e m i st ry a n d  Cera m i cs.  A rep resentat ive exa m p l e  of o u r  resea rc h :  

Adva n ced Systems St u d i es - Proposa l s  for futu re wea p o n s  a n d  ot h e r  

syste m s  a re c o n c e i ved a n d  a n a lyzed t o  d eterm i n e  t h e i r effect i v e n e s s .  T h e  c o n cept, 

synthes i s ,  and a n a l ys i s  of t h ese syst e m s  req u i re h i g h - ca l i b re resea rc h  ta l e n ts 

of p h ys i c i sts, e n g i n e e rs ,  a n d  m a t h e m at i c i a n s w h o  a re c a p a b l e  a n d  i nte rested i n  

work i n g  o n  c h a l l e n g i n g  syste m s  p r o b l e m s  i n v o l v i n g  i n te rd i sc i p l i n a ry exc h a n ges 

of i d e a s .  E l ectro n i cs res e a r c h  a n d  a p p l i c a t i o n  of m a c h i n e  i n te l l i gence to 

syst e m s  p r o b l e m s  a re key n e ed s .  Add i t i o n a l  open i n gs e x i st for e x pe r i e n ced a n a lysts 

w i t h  ot h e r  d i sc i p l i n e s  i n  t h e  a re a  of s e l f- o rga n i z i n g  or s e l f- a d a pt i ve syste m s  

w i t h  e m p h a s i s  o n  i n fo r m a t i o n  flow a n d  c o n t r o l  w i t h i n  t h e  syste m .  

S a n d i a ,  a pr i m e  contractor t o  t h e  Ato m i c  E n e rgy Co m m i s s i o n , i s  ope rated 

a s  an i n d u st r i a l l a boratory with regard to pe rso n n e l  po l i cy a n d  

c o m pensat i o n .  A s  a s u bs i d i a ry o f  t h e  A m e r i c a n  T e l e p h o n e  a n d  T e l egra p h  

syste m ,  t h e  m a n a ge m e n t  i n c l u d e s  o utsta n d i n g  exec u t i ves a n d  s c i e n t i sts 

from the Be l l  Te l e p h o n e  Laborator ies a n d  Western E l ect r i c .  

Esta b l i s h ed i n  1 946, Sa n d i a  h a s  grown f r o m  2 0 0  e m p l oyees to m o re t h a n  

7900 a n d  n ow m a i n ta i n s  a bra n c h  l a bo rato ry i n  L i v e r m o r e ,  Ca l iforn i a .  

O u r  $ 1 20 m i l l i o n  l a boratory offers t h e  l a t est i n  s c i e ntif ic eq u i p m e n t  a n d  a 

tech n i ca l staff com posed of 1 40 P h D ' s ,  600 M S ' s ,  1 750 B S ' s ,  p l u s  

1 600 tech n i c a l  assista nts.  Sa n d i a  e n c o u ra ges j o u r n a l  

p u b l i ca t i o n  with st ro n g  s u pport a va i l a b l e  from a tech n i ca l l i b ra ry 

specifi c a l l y  d es i g n ed to a i d  t h e  rese a rc h  s c i e n t i st .  

A l b u q u e rq u e ,  a c i ty o f  250, 000, i s  a s u n n y ,  d ry ,  South western c u ltu ra l  

center with u Q l i m ited yea r - ro u n d  recrea t i o n a l  o p p o rt u n i t i e s .  

S e n d  res u m e  t o  

S a n d i a  Corporation 

P .  O .  Box 5800 
A l b u q u e r q u e ,  N. M ex .  

Attn : Profes s i o n a l E m p loyment,  3 1 5 1  
Reference 5 6 9  

SAN D I A � C'2�A�P�T��T!5? N 
• •  

A L B U Q U E RQ U E . N EW M EX I CO 
L I V E R M O R E ,  C A L I F O R N I A  

19 1 
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Harnessed to the right design, paper 
has scored important advances in many 
new and improved products .  That's 
because paper is low in cost, low in 
weight and low in mass per volume. 
Inertial resistance and kinetic energies 
are low. Yet paper is high in dielectric 
strength and volume resistivity, and 
can be made to conduct electricity, or 
to resist temperatures above the char 
point of cellulose. 

Tell  Us What You Want I t  To Do; 

We' l l  Te l l  You If Paper Can Do It. 

'We've been making paper for 150 
years . Twenty years ago we decided to 
specialize on papers that no one had 
ever made before . That required crea­
tive chemists, physicists and techni­
cians . . .  a modern research laboratory 
with pulp-stock refining equipment and 
a complete Fourdrinier machine that 
c a n  t u r n  o u t  an e n d l e s s  w e b  o f  
paper 2 0  inches wide. The accomplish­
ments of this laboratory have surprised 
even us. 

Today our production runs include 
the papers our own laboratory de­
velops, as well as other specialty runs 
that demand close dimensional, chem­
ical or physical limits and uniformity. 

• Write for our free booklet, 
"Creative I ma g i n a t i o n  in Tech­
n i c a l  Papers. "  Tell us  what you 
want paper to d o .  If your pro ject 
shows pro m i s e  of practi c a l  
devel o p m e nt, a sales engi neer 
will c a l l  

1 9 2  

of the  volume consists of his transcription 
of the witchcraft tales themselves as thev 
were told to him. 

THE Bums OF THE BR ITISH ISLES : VOL-
UME XI, by David Armitage Banner­

man; illustrated by George E. Lodge . 
Oliver & Boyd Ltd ( 63 shillings ) .  The 
1 1th volume of this splendid work deals 
with the pratincoles, stone curlews, bus­
tards, cranes, terns, gulls and kittiwakes . 
The text is filled with the usual details as 
to identification, distribution, behavior, 
breeding habits and the like, and also 
with little-known facts and descriptive 
paragraphs gleaned from the literature 
of an earlier age. This makes for enjoy­
able reading . The volume is adorn cd 
with 32 color plates prepared by the late 
George E. Lodge. 

WIUTIKG, by David Diringer. Freder-
Ick A .  Praeger, Inc . ( $6 .95 ) .  This 

25th volume in the attractive series 
"Ancient Peoples and Places" presents 
a readable, fully illustrated survey of 
the origins and early history of writ­
ing : primitive means of communication, 
scripts of the ancient Near East, Far East 
and pre-Columbian America, phonetic 
scripts and diffusion of the alphabet .  
Diringer, who is lecturer in Semitic Epig­
raphy at the University of Cambridge, 
has written widely on the alphabet and 
related topics. Photographs, line draw­
ings and maps . 

it INTnODUCTION TO LOGIC , by Morris 
R. Cohen and Ernest Nagel. A Har­

binger Book ( $ 1 .65 ) .  This paperback 
consists of the first part of Cohen and 
Nagel's An Introductio l1 to Logic al1d 
Scientific M ethod, one of the best known 
and most highly esteemed of modern 
texts in the field . It contains all the ma­
terial on formal logic to be found in the 
larger work and covers a part of the 
subject that can be conveniently covered 
in a one-semester course . The ordinary 
reader who wishes to aCljuaint himself 
with the basic ideas of deductive logic 
and demonstrative reasoning will, hke 
the student, find no better guide. 

� DIAHY OF BATTLE : THE PERSONAL 
.L JOURKALS OF COLONEL CHARLES S .  
WAIKWIUGHT, 1861-1865, edited by 
Allan Nevins . Harcourt, Brace & '!\lorld, 
Inc . ( $8 .75 ) .  Allan Nevins describes this 
record as "the most comprehensive and 
historicallv useful field diary bv a Civil 
War officer I have seen." Colonel '!\lain­
wright of the First Regiment New York 
Volunteer Light Infantry was with the 
Armv of the Potomac throughout the 
war 

'
from the battles of Antietam, Fred-

ericksburg and Cll1ncellorsville to Get­
tysburg, Spotsylvania, Petersburg and 
Appomattox. He presents a detailed day­
to-day chronicle that describes ordinary 
events and the drama of battle, the be­
havior of plain soldiers and that of the 
commanding generals, and gives his 
personal views on the conduct of the 
war and on the character of the civilian 
leaders . Wainwright was a gentleman, 
strong-minded and strong-willed, coura­
geous, well read, somewhat cold and full 
of condescensions and prejudices .  ( Of 
Lincoln, for example, he writes : "I was 
ashamed to think that such a gawk was 
President of the United States . " )  A bet­
ter field officer could not have been de­
sired. The war was obviously the high 
point of his life ; little is known about 
what he did before he became an officer 
or what he did after being mustered out . 
He died, a bachelor, in Washington at 
the age of 82 .  An engrossing and remark­
able work, skillfully edited by Nevins , 
that gives a wonderfully vivid picture of 
the events of the war. 

S UnREY, by Ian Nairn and Nikolaus 
Pevsner ( $7 .50 ) ; NORTH-EAST NOR' 

FOLK AND NOH\VICH, NORTH-WEST AND 

SOUTH NORFOLK, by Nikolaus Pevsner 
( $2 .95 each ) .  Penguin Books, Inc . These 
volumes in the series "The Buildings of 
England" continue Pevsner's remarkable 
survey, of which some 20 installments 
have already appeared .  They are incom­
parable guidebooks :  well illustrated and 
filled with historical and architectural 
information. It should be noted that each 
of these is also available as a paperback. 

THE FHEKCH REVOLUTION FIIOM ITS 

- OIUGINS TO 1 793, by Georges Le­
febvre . Columbia University Press ( $6 ) . 
The first translation into English of what 
is widely regarded as the best single 
treatment of the French Revolution. It 
was written by the pre-eminent authority 
on the subject, who died in August, 
1959,  in his 86th year. It is a tightly 
packed book, immensely learned, with 
each of its sentences meant to count .  
This does not make it easy to read, but i t  
will richly repay careful study . The 
present volume represents the first half 
of Lefehvre's history ; a translation of the 
second volume, carrying the account to 
1 800, is now in preparation. Included is 
the author's invaluable annotated bibli­
ography of works published in all lan­
guages and covering all aspects of the 
books' contents. 

T HE AGE OF ELECTHONICS, edited by 
- Carl F .  J .  Overhage . McGraw-Hil l  

Book Co . ,  Inc . ( $7 .95 ) .  A collection of 
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Obsolete 
E a rs a r e  f i n e  fo r s m a l l  t a l k .  Fo r s p a c e  t a l k, you  n e e d  

someth ing bigg e r. l ike t h e  85- fo ot antennas  a t  Goldstone,  

Ca l i forn ia - th e  sp rawl i ng  desert  fa c i l i ty run  by Caltech's  

Jet  Propuls ion la borato ry. 

These g i a n t  s t e e l  ears l i s ten  to the  s ig n a ls b e e p e d  from 

spacecraft m i l l i o n s  of  mi les away. 

But the ears ta lk, too.  They not o n ly h e a rd from Mari n e r  

2 ,  they t o l d  the  spacecraft w h a t  to do.  They changed its 

fl ig h t  path wh e n  it was 1 .Y:!  m i l l i o n  m i les  out. And they turned 

o n  its measur ing  devices  as  it  fl ew by Venus.  

G o l d s to n e  and i t s  s i s t e r  s ta ti o n s  in  South Afr ica a n d  

Austra l i a  make u p  J P l' s  D e e p  Space Instru m e n tat ion Faci l i ty. 

D S I F  is an essent ia l  part  of J Pl's responsibi l ity for the  nation 's 

u n m a n n ed exp lorat ion of the  Moon and  p lan ets. 

To k e e p  DSIF l is ten ing and ta l king,  JPl n e eds d e v e l o p m e n t  

e n g i n e e rs, pro ject  eng in e e rs, a n d  e n g i n e e rs who can d i rect  

its techn ical  o p e rat ions .  

Do you have a backg r o u n d  i n  g ro u n d  communicat ions, 

tracking systems, te lecommun icat ions systems d esign,  antenna 

and  m icrowave compo n e n ts, o r  system equ ipment  a n a lysis? 

I f  so, and if you l i ke  the wid e  o p e n  spaces - th e  informal  

d esert  l i fe - th e n  JPl  G o l dsto n e  is  fo r you.  

Two and a ha l f  h o u rs away, a t  JPl  Pasad e n a, o th e r  ta l e n ts 

a r e  n e eded in a l most every s c i e n ti fi c  a n d  e n g i n e e ring  d i sc i ­

p l i ne  - th e r e  is. After  a l l, you can ' t  l e a rn wha t's o u t  i n  space  

with o u t  p e o p l e  . . .  th ey' l l  n ev e r  b e  obsolete .  

Send your  resume to : 

• 18��:�r?v;D��,�!s��a,Lc����ATORY � Attention: Personnel Department 4 

"An equal oppo rtuni ty employer," Jet Propulsion laboratory is operated by the California Institute of Technology for the Notional Aeronautics and Space Administration. 
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2,000 miles up 
where the Navy is concerned with the operation and defense of its 
own survei l l ance, navigation, and measurement sate l l ites ( as well as 
with nul l ifying hostile threats from space ) . . .  and i s  exploring the 
potential of a new generation of rockets l a u nched from floating,  sub-
merged, or moored p l atforms located far out at sea.  

. 

2,000 fathoms down 
among the crags and canyons of inner space where it's b l ac k  and b reath­
Jess . . .  cold and crushing . . .  and where you must o utgrope the enemy 
i n  order to survive and succeed with your mil itary mission. 

and everywhere in between . . .  
under, on, and above the oceans of the world . . .  o n  subma rines, sur­
face ships, aircraft and space c raft . . .  there you'll find advanced 
Naval Weapons Systems created by the more than 7 ,000 scie ntists and 
engineers of the Bureau of Naval Weapons.  

Systems l ike SU B ROC and AS ROC . . .  SID EWIN D E R  and 
BULLPUP . . .  POLA RIS . . .  TYPHON . . .  TERRIER . . .  ASTO R 
. . .  TRANSIT and SPASUR . . .  a re a l ready well  know n .  

I n  t h e  conceptual a n d  p l anning stages a r e  Naval Weapons Systems 
for h ydroskimmer and hydrofoil craft capabl e  of speeds in excess of 
1 00 knots . . .  submergible amphibious assa ult  c raft . . .  powe rfu l 
hovercraft as well  as ultra-sonic suborbital aircraft . . .  support system s  
for gigantic seaborne space boosters designed for brief m issions beyond 
the atmosphere . . .  and mobi le  underseas bases from which survei l l ance 
and attack m issions can be l aunched. 

If  you a re interested i n  trad i n g  the u n certai nties and l i m itations 
of a si ngle wea pons progra m for the o pportu n ity a n d  sta bi l ity of 

a n  end less va riety of Nava l Wea pons p rogra ms, get in 
touch with H a rvey T. Ja ckson, DCP·33. 

bureau of naval weapons 
Depart ment of the Navy, M u n itions B u i l d i ng, Was h ington 25,  D.C. 
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historical essays based on lectures given 
to mark the

' 
10th anniversary of the 

founding of the Lincoln Laboratory of 
the M assachusetts Institute of Technolo· 
gy. Among the topics are the origins of 
electromagnetic theory ( Hendrik B .  G.  
Casimir ) ,  communications ( Llovd V.  
Berkner ) ,  radar ( Ivan A .  Getting ) ,  elec­
tronic computers ( Stanislaw M. Ulalll ) ,  
radio astronomy ( Edward G .  Bowen ) ,  
transistors ( William Shockley ) ,  masers 
( Charles H. Townes ) and satellite relays 
( John R. Pierce ) .  

PHYSIQUE SO�AIRE E T  GEOPHYSIQU,; ' 

by A. Dauvlll Ier . Masson & Cle o  ( i 2 
francs ) .  This French monograph by a 

leading astrophysicist who is professor at 
the College de France describes the reo 
suits of his  own researches and his  ob­
servations at the Pic dl! Midi Observa­
tory, having to do with such topics as the 
sun's magnetism, the solar '\-vind," the 
sun's emission of electrons, relations be­
tween solar and terrestrial phenomena .  
Many diagrams and  photographs .  

SPACE LOGISTICS ENGIKEERING, editcd 
by Kenneth Brown and Lawrence D .  

Ely. John Wiley & Sons, Inc.  ( $ 1 6 .95 ) .  
This volume in the "University of Cali­
fornia Engineering and Physical Sci­
ences Extension Series" discusses the 
numerous factors affecting space logis­
tics, "with the purpose of enabling the 
space vehicle designer to consider these 
factors during the initial design rather 
than having to incorporate them as an 
afterthought ." 

1' HE NEW SCIENTIST, edited by Paul 
C. Obler and Herman A. Estrin . 

Anchor Books ( $ 1 .25 ) .  A collection of 
essavs on the methods and values of 
modern science. Among the contribu· 
tors are Gerald Holton ( "Modern Science 
and the Intellectual Tradition" ) ,  Francis 
Bello ( "The Young Scientists" ) ,  Anne 
Roe ( "The Psychology of the Scientist" ) ,  
Bertrand Russell ( "The Social Respon­
sibilities of Scientists" ) , C. P .  Snow 
( "The Moral Un.Neutrality of Sci­
ence" ) ,  J .  Bronowski ( "The Educated 
Man in ' 1984" ) ,  George Boas ( "The 
Humanities and the Sciences" ) ,  E. A. 
Burtt ( "The Value Presuppositions of 
Science" ) and P .  W.  Bridgman ( "Quo 
Vadis" ) .  A paperback. 

Notes 

ELSEVlEH'S DICTIONAHY OF GENEHAL 

PHYSICS IN SIX LANGUAGES, compiled 
and arranged by W. E. Clason . American 
Elsevier Publishing Co., Inc. ( $22.50 ) . 
An English, French, Spanish, Italian , 
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SOlAR 
flARES ! 

orbit ing solar observatory st udy - o n e  of t h e  C r i t i c a l  A e r o s p a c e  

A r e a s  f o r  w h i c h  R E PU B LIC ' S  PA U L  M OO R E  RES E A R C H  C ENTE R h a s  R & D  C o ntra c t s  

R E P U B L I C  i s  conduct ing a w i d e  vari ety o f  i nvesti gat ions beari ng d i rectly on t h e  safety o f  m e n  a n d  veh i c l e s  on extended 
space voyages as wel l  as on short term orbital m iss ions .  0 Among these i nvestigati ons  i s  the development of deta i led 
req u i rements for an advan ced orbit ing solar  obse rvato ry with  g reate r exper imental capaciti es and h igher  point ing accu racy 
than the sate l l ite now i n  the sky. 0 This work d raws upon the capab i l i t ies of R e p u b l i c  s c i e ntists and e n g i n e e rs in half a dozen 
labo rato r ies of the PAU L  M O O R E  CENTER,  the most sophist icated and i nteg rated research c o m p l ex i n  the E ast tod ay. 

EXA M P LES OF A E R O S PA C E  R & D  P R O G RA M S  AT R E P U B L I C  

Re-Entry Test Vehicles for advanced space progra ms I Thermal 'Protection Studies I Spacecraft Tracking Concepts (Re-Entry Period) I 
Hydraul ic & Pneumatic Systems ( Re-Entry & Space Voyages) I Life Support Systems I Guida nce for Orbital Rendezvous I Full  Sca le 
Plasma-Pinch Engine for Space Propulsion I AEROS Study - Meteorologica l Satell ites ( in  plane of equator) I Adva nced Orbiting Solar 
Observatory I Hydrospace Projects I Space Radiation Studies I CO, Adsorption Research / Magnetic Ind uction Gyro I Antennas (minia­
turization) I Spark Chamber Spectrometer_ 

I M P O RTANT P O S ITI O N S  O P EN 
Astrodynamics (mission ana lysis, satellite maneuvera bil ity. guida nce system criteria for earth satellites. lunar projects) I Structural 
Research (elastic & inelastic) I Structura l Com puter Analysis I Stress Ana lysis I Hypersonic Gas-dynam ics Research I Re-Entry & 
Satell ite Heat Transfer Ana lysis I Design Criteria (hypersonic re-entry veh icles) I Thermal Protection Research I Hypersonic Wind 
Tunnel I nvestigations I Space Environmenta l Controls D & D I Space Propulsion and Power Systems I Cryogenic Research (l iquid 
hydrogen) I Antenna Design (re-entry vehicles) I Life Sciences (systems) I Physical Sciences I Space Electronics (telemetry, com­
m u nications. guidance. tracking. ECM. ASGSE. data handling) I Magnetic Resonance Gyro Development I Electromagnetic Theory I 
Weapon Systems Analysis. 

Interestee applicants a re invited to write in  confidence to Mr. George R. Hickman. Professional Employment Manager. Dept. 80 

R EPU B LI C  
AV I AT I O N  C O R P O R AT I O N  

FARM I NGDALE, LONG ISLAND. NEW YORK 
An Equal Opportun ity Employer 
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RESEARCH LABORA TORIES 
AND INDUSTRIAL USERS 
Cal. Teell .-jet Prop"lsion Lab. 
Naual Research Laboratory 
M.I. T.-Lil/coln Laboratory 
Royal Inst. of Tech . ,  Swedell 
Aerospace Corporation 
Anna Corporatioll 
Allra, Incorporated 
Auco-Everett Research Lab. 
Bell Telephone Laboratories 
Bolt, Beranek & Newlllall 
Celanese Corporation 
Chase Malllwttall Bank 
COll l isiol/ Federal de 

Electicidad, Mexico 
Convair 
Comell Aeronalltical Laboratory 
E. I. dllPont de NelllOl lrs Co. 
East Africa Agri. & Forestry 

Research Orgml . ,  Kwya 
Dll Ilal II/dllstries 
Edgerton ,  Cenneshallsen & Crier 
Electronics Corporation 
Engelhard Indllstries, Inc. 
Fisher's Telellision Co. 
Ford Motor COlllpmly 
Frankford Arswal 
General Electric, Schenectady 

aIId Philadelphia 
G.M.-AC Spark Ping Dil', 
Hatlllnarby Bake/it Indllstri 

Aktiebolag, SltJeden 
IG Y Prograll l ,  Gerlllall)' 
Los Alalllos SCientific Lab. 
!vfitmeapolis-Honeywell, Minn .  

and  St .  Petersburg 
.\lorth AnI. A I'iatioll-.Illltonetics 
Northrup A I'iation-Nortronics 
Patapsco Engineering Co. 
Photogranllnetry, Ine. 
Raytheon Aianufactllring Co. 
RCA Laboratories 
Michael Reese Hospital 
Serl'ol1 1ec//(/lIisl1Is, file. 
Shell Del'elopment COIII/JOny 
Sperry Gyroscope COlllpany 
Sports Network, Inc. 
The Standard Oil COlllpany 
Tell lliatl l lfactnring COlllpallY 
Texas IostrulIlenfs, l11c. 
United Aircra{r Corp'-" ·orden 
U. S. Naval Electronics Lob. 
Unit,ox Corp. 
r;Vestin<�honse Electric Co. 
fVHDH- TV, Boston 
r Voods Hole Oceanographic fnst. 
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UNIVERSITIES 
AND COLLEGES 

Univ. of Aberdeen, Scotland 
UniverSity of Arizona 
University of Califorl/ia 
University of Chicago 
University of Colorado 
University of Hmvaii 
University of Illinois 
Uni versity of London 
Unillersity of New Halllpshire 
University of Pa. ,  Sch . Med. 
University of Poona, bldia 
Unillersity of Rochester 
University �f Toledo 
Unillersity of Toronto 
University of Utah 
Baylor Unill . ,  Call. Med. 
Christian-Albrecht U. , Ger. 
Collllllbia Unillersity 
Melllphis UI/iversity School 
Stanford University 
Washington University 
Adallls State College 
Adrian College 
Arizona State College 
Beloit College 
California II/st. of Teclll lology 
California St. Teachers Call. 
Carnegie Instifllte 
Christian College 
Clelllson College 
Cooper Union 
Dickinson College 
FratmllOfer Inst., Gerlllany 
Georgia Inst. of Technology 
Glendale College 
Harbor College 
Indiana State College 
Lawrence College 
Long Beach State College 
Los Angeles State College 
Mt. San Anlonio College 
Mllndelein College 
Ne"Jark State College 
Oklahoma A & M College 
Parsons College 
Pierce College 
Pril/cipia College 
Ral/dolph-Macon College 
Rollins College 
St. Mary's College 
Sail Diego State College 
SOllthem COII I I .  State College 
Sill Ross State College 
Whitllwn College 
Willialll and Mary College 

GOVERNMENT AGENCIES 
Atolllic Ener<�y COllll l lission 
NASA, Edwards, California 
NASA, Latrgley Field, Va. 
NASA, Tifllsllille, Florida 
NASA, Goddard Space Flight 

Center, Greenbelt, 1I1d. 
National Institl/tes of Health 
Aberdeen Proving Grollnd 
U.S. ArIllY, Ft. Monlllolltl" NJ. 
Redstone Arswal 
U. S. Arllly Intell. Center 
White Sands Prolling Grollnd 
Griffiss AFB, New York 
Hollolllall , AFB, New Mexico 
Wright-Patterson ,  AFB, Ohio 
Nallal Air Develop. Center 
Naval Air Station ,  Norfolk, Va. 
U. S. Na Il. Ord. Sta . ,  China Lake 
CARDE, De[. Res. Bd. , Cat l .  
CIA 
Departl llwt of State 
Frellch GOl'emlllellt-ArlllY 
Notional Bnreall of Standards 

OBSER VA TORIES 
AND MUSEUMS 
DOlllinion Observatory, Canada 
Hoyden Platletarillln 
High Altitllde Observatory 
U. S . •  \Jallal Observatory, Wash. 
Osserl!atorio Astronolllico di 

CapodinlOnte, Italy 
Volley Vie", Obserllatory 
Collllllbia Mllselllll of Art 
Grand Rapids Pllblic Mllselllll 
Kin.�Slnall Aillselll l l Nat. Hist. 
1I101lllt Strolllio Ob. ,  Allstralia 
Aillsellln of New Mexico 
SaskatcheltJan MilS. Nat. Hist. 
Notional Observatory 

SECONDAR Y  SCHOOLS 
Ellllira Free AcadelllY 
Flint j'll lior College 
Friends AcadelllY 
Green wich , COlm. H. S. 
Kent School 
Millbrook ScllOolfor Boys 
,\Jewton PIIMic Schools 
Okiahollla High Schools 
Paris jllnior College 
POlnfret School 
Rill�rdale COllntry School 
St. LOllis Prep. Selllinary 
Sail Diego Unified Sch . Dist. 
WalllOgo Regional High School 
I Vaseca Pl lblic Schools 
Wate10rd High School 
Village of Wayland Pllb.  Sch . 
I Vestl l l inster School 
Yllba City Union High School 

The seven-pound Questar brings to the 

world not  only  the most convenient and ver­

satile telescope in h i story, but performance 

that  i s  truly asto n i s h i n g .  N ever before could 

an instrument so small  d o  such magnificent 

work,  both visually and photographically.  

Prices start a t  5995.  May we send you 

o u r  32-page i l l ustrated booklet ? 

B O X  2 0  N E W H O P E , P E N N S Y LV A N I A  

Dutch and German dictionary arranged 
on an English alphabetical basis, setting 
forth the essential terminology of various 
branches of physics . 

THE LOGIC OF CHAl\TE, by John Venn. 
Chelsea Publishing Co .  ( $4 .95 ) .  A re­
print of a 19th-century classic on the 
foundations of probability . 

A SHORT H ISTORY OF ASTRONOMY : 

FROM EARLIEST TIMES THROUGH THE 

NINETEENTH CENTURY, by Arthur Ber­
ry . Dover Publications, Inc. ( $2 ) , An 
unabridged republication, fully illus­
trated, of a standard work . In special 
fields and on innumerable specific points 
historical knowledge has undoubtedly 
left Berry far behind, but as a general in­
troduction for the nonspecialist and the 
student this book deservedly retains its 
popularity. 

ENERGY FOR MAN , by Hans Thirring .  
Harper Torchbooks ( $ 1 .95 ) .  As a popu­
lar survey of energy resources from 
windmills to nuclear power, this master­
ly book is without peer. A paperback . 

PALAEONTOLOGY : INVERTEBRATE , by 
Henry Woods . Cambridge University 
Press ( $2 .50 ) . A paper-backed reprint 
of the eighth edition of a standard book 
that deals specifically with the fossils of 
invertebrates .  

FUNDAMENTAL PROBLEMS IN TURBU­

LENCE Al\'D THEIH RELATION TO GEO­

PHYSICS, edited by Franc;:ois N. Frenkiel . 
American Geophysical Union ( $5 ) .  The 
proceedings of a symposium organized 
by the International Union of Geodesy 
and Geophysics and the International 
Union of Theoretical and Applied Me­

chanics and held at the University of 
Aix-Marseilles in 196 1 .  The papers are 
concerned with atmospheric and oceanic 
turbulence phenomena. 

H ISTORICAL ATLAS OF RELIGION IN 

AMERICA, by Edwin Scott Gaustad. Har­
per & Row, Publishers ( $8 .95 ) .  A his­
torical survey and statistical compilation 
covering the growth and trends of re­
ligion in America for three centuries .  The 
text ( which gives a running account of 
the development of organized religion ) 
and the many maps and charts ( which 
give names, places and numbers ) com­
bine to make a volume of exceptional in­
terest. 

PLATO'S THEORY OF KNOWLEDGE , by 
Norman Gulley. Barnes & Noble, Inc. 
( $4 .50 ) .  A systematic account of the de­
velopment of Plato's theory of knowl-
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A practical solution to the problem of communications with the X·2D 
p ilot - during launch and on his orbital path over the Atlantic M issile 

Range - has already been outlined by the e ngineers and scie ntists of 

PAN AM's Guided Missiles Range Division at Cape Canaveral. 

A l ready a spec i a l  staff of Engineer ing Progra m M a n agers at 

G M R D  i s  p repa r i n g  m aste r plans for ra nge develo p m e n t - e n ·  

com pass i n g  fac i l it ies a n d  i n stru m e ntat ion syste m s  f o r  track· 

i ng, telem etry and com m u n icat ions support of t h e  X·20 s pace 

gl ider progra m .  Work i n g  c losely with t h e  A i r  Force and X·20 

contractors, they a re tai loring ra nge s pecificatio n s  to m atch 

the d e m a n d i n g  req u i rements of orbital re n d ezvou s  and dock· 

i ng tech n i q u es by a m a n ned space g l i d e r. 

As contractors fo r t h e  developm ent,  engi n eer ing a n d  operati o n  

of t h e  Atl a nt ic  M issi le R a nge fo r t h e  A i r  Force, G M R D  p resents 

reco m m e n dations for new eq u i p m e nts, t h e n  writes t h e  s pe· 

c if icat ions for a u t h o rized new i n stru m e ntat i o n  a n d  fac i l it i es, 

a n d  m o n itors t h e i r  development by i n d u stry, t h e i r  i n sta l l at i o n  

a n d  accepta n c e  test i n g. 

Staff expa nsion is u n d e r  way at G M R D  to m eet t h e  ra n ge tec h ·  

n o l ogy n e e d s  of t h e  n ext 1 5  yea rs. Y o u  a re i nvited to i n q u i re 

about c a reer opportu n ities for: 

Systems Engineers - EE's, Physicists ca pa ble  of assu m i n g  
complete project responsi b i l ity f o r  n ew range systems. 

Instrumentation Planning Engineers - EE's, Physic i sts to be 
respo n s i b l e  for specific global ra nge i n strumentation concepts. 

Advance PI� nning Engineers - EE's,  Physicists to eva luate 
and project the state·of·the·art in all a p p l i cations of range 
i n stru mentati o n .  

Experience i n  o n e  or m o re o f  these a reas: P u l s e  radar, CW 
tec h n i q u es. te lemetry. i n frared, data h a n d l i ng, com m u n i cations,  
c losed c i rcu it  TV, freq uency a na lysis, command control. u n der· 
water so u n d .  t i m i ng, s h i pboa rd i n stru mentation.  

Why not wr ite u s  today. descri bing you r  i n terests a n d  q u a l ifica­
tions in a ny of the a reas a bove. Add ress Dr. Cha rles Carrol l ,  
Dept. 68·0. Pa n American World Ai rways, I nc. ,  P .O.  Box 
4465. Patr ick Air Force Base, Flori da . 

�� &� G U I D E D  M I S S I LES  RAN G E  D I V I S I O N  
='>" ' = -
�5!it' PAT R I C K  A I R  F O R C E  BASE, f l O R I D A  
�� AN E Q U A L  O P PO RTU N I TY E M P L O Y E R  

PAN A M  is now c reating t h e  ra nge technology for launches o f  DYNA·SOAR ,  G E M I N I ,  APOLLO, A DVANCED SAT U R N  BOOSTERS 
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m in iatu re 

al l  purpose calcu lator 

W e i g h s  o n l y  8 o z .  

T H E C U R T A  I S  A P R E C I S I O N  
C A L C U LAT I N G  M A C H I N E  F O R  
ALL AR ITH M ETICAL OPERAT I O N S  
C u rta adds ,  subtracts ,  m u l t i p l i es ,  d i v i des ,  
s q u a r e  and  cube  roots ,  cont inuous  m u l t i ­
p l i cat ion ,  negat ive m u l t i p l i cat ion ,  standard 
dev iat ions a n d  a l l  stat ist ica l  c a l c u l at ions ,  
squares  a n d  h i g h e r  powers ,  co·o r d i nates and  
assoc iated  l a n d  su rvey formu lae ,  and  every 
other computat ion  a r i s i n g  i n  science a n d  
commerce  . . .  A va i l a b l e  o n  a t r i a l  bas is .  
P r i ce  $ 1 2 5 .00.  Wr i te  for  l i terature .  

CU RTA C O M P A N V  
D E PT .  SA 4 P. O .  B O X  3 4 1 4  

V A N N U Y S ,  C A L  I F O R  N I A 

CAREER APPOI NTMENT 

NASA 
ASSISTANT 
DI RECTOR 

FOR T H E  N EW 

SPACE SCI ENCES D IV.  
NASA seeks a scien tist t o  serve as 
Assistant Director of the newly formed 
Space Sciences Division in Mountain 
View, Calif . This Division is establish­
ing both a theoretical and experimen tal 
program in geophysics, planetary and 
interplanetary physics, and astro­
physics .  Respondents should have a 
record of notable accomplishments in 
one of the physical sciences and be 
interested in the management of 
scientific research.  The man who fills 
this position will contribute materi­
ally to the nation's  space effort. 

Send resume to : Personnel Officer, 
Dept. HN-l , NASA Ames Research 
Center, Mountain View, California. 

An equal opportunity 
e m p l o y e r . P o s i t i o n  
filled in accordance 
with Aerospace Tech­
n o l o g y  A n n o u n c e ­
ment 252-B . 
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edge, working through the dialogues 
from the Meno to the Laws . 

THE PSYCHOANALYTIC STUDY OF THE 

CHILD : VOLUME XVII ,  edited by Ruth S .  
Eissler, Anna Freud, Heinz Hartmann 
and Marianne Kris. International Uni­
versities Press ( $8 .50 ) . The 1 7th volume 
of this annual contains articles on psy­
choanalytic theory, sundry aspects of 
normal and pathological child develop­
ment, and clinical studies. 

THEORY OF GROU�D \,y ATER M OVE­

i\IEI\'T, by P. Ya. Polubarinova-Kochina. 
Princeton University Press ( $ 10 ) .  A 
translation of what is now regarded as a 
classic Russian monograph dealing with 
problems of flow in porous media. 

INSIDE THE Ln'!l\'c CELL, by J .  A .  V. 
Butler. Science Editions, Inc. ( $ 1 .65 ) . 
A paper-backed edition of a fine popular 
account of present concepts of the living 
cell by a British physical chemist. 

M ATHEMATICAL M ETHODS 1:\ SMALL 

GROUP PROCESSES, edited by Joan Cris­
well, Herbert Solomon and Patrick Sup­
pes. Stanford University Press ( $9 . 75 ) . 
Twenty-two papers presented at a 1961  
symposium held at Stanford Universitv 
that display some of the mathematical 
methods applied to problems of inter­
personal behavior in small groups .  

THE REFORMATIO:\ OF THE 1 6TH CE:\­

TUllY,  by the Reverend Charles Beard. 
Ann Arbor Paperbacks ( $2 .95 ) .  An in­
expensive reissue of a noted study bv an 
English divine ( 1827-1888 ) that con­
siders the Reformation in its relation to 
modern thought and knowledge and dis­
cusses its role in shaping the critical and 
scientific spirit of today. 

CEUVRES DE P .  L .  TCHEBYCHEF ,  

edited by A .  Markoff and N .  Sonin . 
Chelsea Publishing Company ( $27.50 ) .  
A two-volume reprint of the French 
edition of the collected papers of Paf­
nouty Lvovitch Tchebychef, an eminent 
mathematician of the 1 9th century, 
known for his researches in number 
theory, analysis, algebra and other 
branches of mathematics . 

CLASSICS II\' LOG IC , edited by Dago­
bert D. Runes . Philosophical Library, 
Inc. ( $ 10 ) .  An 800-page anthology of 
readings in epistemology, theories of 
knowledge and dialectics .  This is an ill­
considered hodgepodge of a book made 
up of snippets, fragments and many an 
exerpt from forgotten writings that de­
serve to be forgotten. 

AC-T H E E L EC T R 0 N I C - D I V I S I O N  O F  G E N -
E R A L  M OT O R S  C O R P O RAT I O N . . .  34 

Agenc y :  D. P. Broth er & C o mpa n y 
A E ROJ ET· G E N E RA L  N U C L EO N I CS ,  A S U B· 

S I D I A R Y  O F  T H E  G E N E R A L  T I R E  & R U B· 
B E R  C O M P A N Y . . .  3 1  

Agency : D '  A r c y  AJvertisin� C o m p a n y  

A L L E N · B RA D L E Y  C O M PA N Y  . . .  
Agen c y : T h e  F C i1 s h o i t  \ c l ve r t ' s : n g  A g e n c y ,  I n c .  

A L L I S-C H A L M E R S  M FG .  C O  . . . .  
Agenc y :  K l a n · V a n  P i e t e r so m · D u n l u l ' ,  I n c .  

1 9  

A M P E X  C O R P O RA T I O N  . .  . .  . .  1 4 1 , l bb 
Agenc y :  C unningham &: \V"a lsh I n L  

A M P H E N O L· B O RG E L ECT R O N I C S  C O R P O R A ·  
T l O N ,  C O N N ECTO R D I V I � I O N  . . . . . . . . . . . . . . . . . .  . .42 ,  43 

Age n c y : i\'larSleller I n , ' .  

A S S O C I AT E D  T E ST I N G  L A B O RATO R ' E' ,  I N C .  B 2  
Agency : W i l l i a m s  a lHI Lo n d o n :\ . ] n: .  L s i n g  

A U TO C L A V E  E N G I N E E R S ,  I N :: . . . . . . . . . . . . . . . .  . . .  l b7 
Agen c y : Lantlo Adve J"t is i u g  A g c l l l: Y ,  I n ( " .  

AVCO C O R P O RAT I O N . . .  1 1  
Agenc y :  Be nton & B owles , I n c .  

B A R N E B EY-C H E N EY C O M P A N y . . . . . .  . l bO 
Agenc y : OJiorne I n d ustr Ial  Atheri i · i n g .  I n c .  

BAS I C  B O O K  S E R V I C E ,  T H E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l BO 
Agcnc y :  S m i t h ,  H e n d erson & B e re y . I n ':.  

B E L L  T E L E P H O N E  LA B O R A TO R I ES . . .  27 
Agenc y : N.  W .  A y e r  & Son, I n c .  

B E L L CO M M ,  I N C . ,  A B E L L  T E L E P H O N E  S Y S ·  
T E M  C O M P A N Y . . l BS 

Agenc y : N. W. Ayer & Son , Inc . 

B O E I N G  C O M PA N Y . .. .. 2 0 1  
Agellc y :  Fletcher R i c h a r d s ,  C a l k i n s  &: Hoidc l l .  l . 1 e .  

B O H N B U S I N ES S  M AC H I N ES I N C  . . . . . . . . . . . . . . . . . . .  1 89 
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D O W  C H E M I C A L  C O M P A N Y ,  T H E  . . . . . . . . . . . . . . . . . .  1 25 
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E X EC U T I V E  P RO G R A M , T H E  . . . . . . . . . . . . . . . . . . .  . .  
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FA I R C H I L D S E M I C O N D U C T O R ,  A D I V I S I O N  
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A gt: n q  : F r e d  W i t t n e l  C u m p a n y .  I n c .  

H A�I�J�L
� i;'�Wi6�O M PA N Y .  P R EC I S I O N  
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H O N EYW E L L .  D E N V E R  D I V I S I O N .  2 3  
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H U G H ES A I R C R A F T  C O M P A N Y  . . . . . . . . . . . .  " . . . . . . .  1 02 . 1 03 
.'\ gc n c y : F o o t e ,  C o n e  & B e l d i n g  

I TT I N T E L C O M .  I N C  . •  A D I V I S I O N  O F  I N T E R­
N AT I O N A L  T E L E P H O N E  A N D  T E L E G R A P H  
C O R P O R AT I O N  1 90 

!\ ;':C I I l ' Y : D e u t s c h  &. S h eil ,  I n c .  

I N D I A N A  G E N E R A L  C O R P O R AT I O N  . . .  2 2  
A j!ell l.-' Y : La\d c r .  K e l l n e }  l'{ R e i c h e r t ,  I n c .  

I N D U ST R I A L  D I ST R I B U T O R S .  L T D  . . . . . . . . . . . . . . . . . .  36 . 37 
A :': C I l I ' } :  1'\ .  W. A � er &. Son, I n c .  

I N D U ST R I A L  T I M E R  C O R P O R AT I O N . .  1 52 
.-\ gcl 1l: }  : R e a c h  . .\ l c C l i n t O ll & Co .. I n c .  

I N S T R U M E N TAT I O N  L A B O R A T O R Y .  M A SSA­
C H U S ETTS I N ST I T U T E  O F  T E C H N O L O G Y  1 64 

A ;! C' n q : :\ I l i ed .-\ d v c r t i s i n g  "\ g e n c y  I n c .  

I N T E R N AT I O N A L  B U S I N ES S  M AC H I N ES C O R -
P O R AT I O N  1 57 

A g e n c ) : B e ll t o n  &. B O ll les,  I ll c .  

I N T E R N AT I O N A L  N I C K E L  C O M P A N Y .  I N C . •  
T H E .  P L AT I N U M  M ETALS D I V I S I O N "  . . . .  24 . 25 

A g e n c y : .\Ic C HIlIl ·l\lars c h a l k  C o m p a n y ,  I n c .  

I N T E R N A T I O N A L  T E L E P H O N E  A N D  T E L E-
G R A P H  C O R P O RAT I O N . .  33 

.-\geIH-' � : \'c c d h .:un , L o u i s  a n d  B r o rb � , I n c .  

I T E K  C O R P O R AT I O N  
A g c n c )' : A l l i e d  Ad"t>r t i s i n g  A g e n c y  I n c .  
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A g e n e ) : H i x son &. J orgense n ,  I n c . ,  A tI ,' c r t i s i n g  
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L A N CA S T E R  G LA S S  C O R P O R AT I O N  . .  1 76 
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L A S E R  SYST E M S  C E N T E R  O F  L E A R  S I  E G L E R .  
I N C .  . 1 2  

A :':l' l l l ' ) : D r u r ) , Lac y ,  F e r g u s o n ,  1 11 ( ' ,  

L I N C O L N  L A B O R A T O R Y .  M A SSA C H U S ETTS 
I N ST I T U T E  OF T EC H N O LO G y  . . . . . . . . . . . .  " . . . . . . . .  1 78 

" g-ell \ ' �  : l� a n d u J p h  -'o s s o c i a t e s  

L I TT O N  SYST E M S .  I N C  . •  DATA SYST E M S  D I -
V I S I O N  1 83 

A g c ll C ) : E l l i n g t o n  &. C O I I I l ' <l n ) .  I n c .  

L OC K H E E D  M I SS I L E S  A N D  S P A C E  C O M P A N Y .  
A G R O U P  D I V I S I O N  O F  L OC K H E E D  A I R-
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A g e l l e) : H a l  S t e b b i n s  I n c o r p o r a t e d  

L O S  A L A M O S  S C I E N T I F I C  L A B O RA T O R Y  OF 
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A g e n t: )  : \X ard H i t: k s  '\ t ! " c r t i s i n g  
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M A G N ET I C  M ET A L S  C O M P A N Y .  M ETA L L U R-
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A g e l l c y :  T h e  A i t k i n . K Y l l c t t  C o . ,  I n c .  

M A L L O R Y .  P .  R . •  & C O .  I N C "  1 2 3  
.-\ gc/l C ) : T h e  A i t i-. i ll . K ) l l e t t  C o  . .  I n c .:.  

M A R Q U A R D T  C O R P O R AT I O N .  TH E . . .  1 7 1  
\ g e /l c � : G r a n t  A d v e r t i s i n � .  I n c .  

M A RT I N  C O M PA N Y .  T H E .  D I V I S I O N  O F  M A R-
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A g e n l' ) ; B a l l  l'\ U a v i d s u n .  I n c .  

M A R T I  N - M A R I  ETTA C O R P O RAT I O N . M A R T I  N 
D I V I S I O N  "" . . . . . . . . . . . . . . . .  1 1 5 . 1 1 6 . 1 1 7  

.-\ ge l l l ' �  : P a p e r t .  K o e n i g ,  L o i s ,  J n t: .  

M ET A L S  & C O N T R O L S  I N C . .  A C O R P O RA T E  
D I V I S I O N  O F  TEXAS I N STR U M E N T S  I N -
C O R P O R A T E D  1 1 4  

A g e n c y : H o r t o n ,  C h u r c h  &. G o ff ,  I n c .:.  

M I N N EA P O L I S- H O N EYW E L L .  D E N V E R  D I V I -
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A g- c l l l' )  : T h e  B re s n i c k  C o m p a n �  _ I n c .  
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N EW J E R S E Y  B U R E A U  O F  CO M M E R C E " .  1 58 
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V I S I O N  1 97 

-\ ge n e y : D e u t s c h  &. S h e a ,  I n c .  
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A;;cll c y : G a m u t  I n c .  
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1 96 
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Technological 

problems 
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really complex? 

Systems Engineering Co­
ordination is the science of 
objective control of the mix 
of scientific disciplines and 
of their products that go 
into today's highly complex 
technological systems. Does 
that sound like Greek? No 
wonder! SEC is as complex 
as the problems it solves, 
yet the approach is not. For 
example, Vitro Laboratories, 
the SEC prime on the Polaris 
FBM system, has a team of 
500 technical men of every 
discipline who have worked 
intimately with the nearly 
300 prime contractors on 
this outstanding project. 
Vitro's team gives the Navy 
effective control of all tech­
nological aspects of the sys­
tem, starting with the basic 
concepts and progressing 
through design, fabrication 
and check-out to final oper­
ation and support, including 
training. 

Vitro is the pioneer in this 
science of intersubsystem 
compatibility. We have a 
brochure on SEC that is 
written in plain English. Find 
out today how Vitro special­
ists have been able to cut 
costs and increase efficiency 
on important government 
and industrial assignments. 

-.bIrD 
CORPORATION 

OF AMERICA 

2 6 1  M A D I S O N  AV E N U E  

N E W  Y 0 R K. N E W Y 0 R K 
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WORLD'S NEWEST .JET. Boeing 727, America's first 
short·range jetliner, is shown taking off on early test flight. 
Powered by three rear·mounted turbofan engines, the 727 
can operate from 5000·foot runways. It will bring jet·travel 
advantages to hundreds of smaller cities. The 727 can carry 

70 to 114 passengers at speeds up to 600 mph. Now under· 
going one of the most intensive test programs in airliner 
history, the 727 enters service early next year. These airlines 

.have ordered 131 Boeing 727s: American, Ansett·ANA, 
Eastern, Lufthansa, Trans·Australia, TWA, and United. 

Capability has many faces at Boeing 

X-20 DVNA-SOAR, the U. S. Air Force's 
space glider, shown in drawing above, will rocket 
into earth orbit atop booster. Pilot will be able 
to fly X·20 back through atmosphere for landing 
at field of his choice. Boeing is X·20 system 
contractor. 
SATURN V in drawing, right, will be world's 
largest rocket, some 350 feet high. Boeing 
holds NASA contract to develop, build and test 
the S·le first·stage booster, which will develop 
thrust equal to about 160,000,000 horse power. 

PUMP .JET is experimental boat built by 
Boeing to test submerged foil systems and water. 
jet propulsion. Pump, driven by Boeing turbine, 
exhausts 30·foot stream of water developing 
2,000 pounds of thrust, and speeds to 45 knots. 

Space Technology· Missile!!· Military Aircraft SY$tems. 707, 720 lind 
727 Jetliners· Systems Management. Helicopters. Marine Vellicle.s • 
Cas Turbine Erlgines • Also. Boeing Scientific Research LaboratorieJ 
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60 to 160 Power-Famous Mt. Palomar TYl)e! An Unusual Buy! 
See the lUngs of Saturn. 
the fascinating planet 
:'I.lars. huge craters on 
I he :'I.loon. phases of 
Ve n u s .  EQIIRt o r i a l  
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axes. Aillminized and 
o\'ercoated 3" diameter 
hiJ{h-speed f/10 mirror. 
T e l e sco p e  cOlIl e s  
C(III i pped wi th a 60 X 
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narlol\' Lens, Optical 
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ah[e tripod. FHE� with 
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ing sunlight inlo elet'tridty to powcr 
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mcters. densitometerH. hurglar alarlll �, etc, 
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DI'("I'I\'I-: ('ELL (iig:ht sellSith-e resi�tor) which J{enerates 
el('etridt.\· 10 turn liJ.dlls on in thc e\'elling, open doors. 
eount tratti('. ('(f'. ele, 
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For Boys-Girls-Adults! 

Science Treasure Chest-Extra-powerful 

. ,_ �:\�I:�:�:
t
i �ro:lt� l\';l

i 
.Z\t;

l
r1 HI:: � I �I\�i'n��?t

l
:ci;;l�;a t���� � 

and lots uf other iieltl.� for hundreds of 
thriHing eXlleriltHnts. plus a Ten-Lens Kit 
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plus exdtinl{ additional items for more alintlH'cd experi­
Illents, illt'luding- cr.\'.qai-g'f(minJ.:' kit. cic('tric motor. molec­
ular models scI. first-surface mirror:-;, and lots more. 
Stock No. 70.343-S ........................ $1 0.00 Postpaid 
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log ('umlHtting principles-can be used for nntltiplica­
tion. dirision, powers, roots, lo�. Ol)erations, trig 
prohlems, physics formulae. electricity and magnetisnt 
prublems, Ea�ilr n:-:scmhlcd wilh screwdrh'cr and pliers. 
Operatcs on 2 fla�hli�ht batteries, E[ectrie meter and 
3 potentiometers mounted on clie-('ut box. Answer indicatcd 
011 dial. �O" long. �" wide. 2" decD, 
Stock No. 70.341 - S  .......................... $14.95 Postpaid 

MAIL COUPON FOR FREE CATALOG! 
164 pages! Over 1000 bargains! 

WORLD'S LARGEST SOURCE OF OPTICAL PARTS 
Huge selection of lenses. Make your 
own trains of lenses from simple, 
achromatic, magnifying and con· 
densing types. Choose from fabu­
lous variety of filters, mirrors; flat, 
raw, and slab glass; plus every 
type of prism; war surplus optical 
instruments, parts and accessories. 
Also telescopes, microscopes, bin­
oculars, sniperscopes, science ex· 
periment items; math learning and 
teaching aids. Request Catalog S. 
EDMUND SCIENTIFIC CO •• Barrington. N.J. 

OPTICAL BENCH 
l':"ed to tc:"t focal It'IlKth of 
lenses: as a <"ollimator: for pro­
jection testH of ICII.�es (instruc­
tions fUfl1i�hed); many othcr 
t{'st� of optif'al systems. etc. 
Hardwood meter sttek -to" long 
\\itll hoth ineh and :\DL scale. -1 
lens holdcrs included to hold 
lellSes %" to 3" in diameter. 

80.064-S ........................ $1 2.95 Postpaid 

American Made­
Over 500/0 Saving 

STEREO MICROSCOPE 
Years in dHe[oplllent. Equals �300 to $400 
inslnnnclll, I'ree!sioll Amcrican Inade. 
I'sed for c:il('('king, if1.�JleCling:, Slllall as­
scwll[,\' ,,·orl.:;, rp to 3" working distance. 
'·\ear. sharp. ('rect imag-c, \\'ide 3 dimcll­
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turret. 23X lInel � OX, 10 Day Frce Trial. 
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NEW! STATIC 
ELECTRICITY GENERATOR 

Sturdy. Improyed Model 
�ce a thrilling spark display as you 
�ct oil' a Illiniature holt of lightninA'. 
Ahsolutcly safe and harmless, �tltrdi­
Iy /ltaLie-stiLnds 14" hig-II. Turn the 
handle and two W' pla�tic- (Ii�('s rotate 
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�tore it in the LeyciclI jar type con· 
dcnser until dis('har/.!'ed hy the jllIllP­
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perimcnls, 1-1. page instruction book­
let included. 
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G. Boring in The American Journal of 
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THE EFFECT OF EINSTELLUNG. Abra­
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Monographs, Vol. 54, No. 6, Whole 
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PHODUCTIVE THINKING. Max Werthei­
mer. Harper & Brothers Publishers, 
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THE ORIGINS OF THE LATHE 
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L'Encyclopedie ou Dictionnaire Rai­
sonne des Sciences, des Arts et des 
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bury in Technology Monographs: 
Historical Series No. 1. M.LT. Tech­
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Howard E. Evans. Cornell University 
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WASP FAHM. Howard E. Evans. The 
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Japanese women rarely get 
breast cancer . 

. The Bantus of South Africa get 
cancer of the liver more often than 

do white people. 

People in Atlanta, Georgia, get 
skin cancer three times as often as 

those in Chicago, Illinois. 

Stomach cancer takes the lives of 
four times as many men in Finland as 

in the United States. 

These facts haunt cancer researchers. If they can find out what makes some groups of people more 
susceptible than others to various forms of cancer, they may hasten the discovery of a total cure. 
But it takes money to finance the hundreds of research projects investigating cancer. Your money. 

----------------------------------------------------------------------------------_. , , , , , , , , , 
MAll THIS COUPON TO CANCER,C/OYOUR LOCAL POST OFFICE i 

Enclosed is my contribution of $ __ _ 

to the American Cancer Society Crusade. 

NAME _________ _ 

ADDRESS _______ _ 

CITY ZONE _ STATE 

I AMERICAN CANCER SOCIETY " 

To cure more, give more : 
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If you're a Space Electronics Engineer . . .  � 

YOU SHOULD BE AT COLLINS 
Why? Because Collins offers you a chance to 
make significant contributions to some of the 
most important space communication work now 
being done. 0 To date, Collins has engineered 
the communication systems which have carried 
American voices from space in every flight from 
the X-15 to A stronaut Schirra's 6-orbit flight. 
Our engineers are currently readying extensive 
systems for NASA's Apollo manned lunar space­
craft. 0 What's next? 0 Further investigation 
into the field of space communication. Further 
development and refinement of the equipment 
and systems needed for future space flights. Fur­
ther extension of Collins' leadership in the field 
through research, development, design and the 
practical application of the results in these areas 
to future space communication needs. 
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NIT EO 
TES 

Specialists in the fields of HF. 
VHF and UHF equipment. Infor· 
mation theory. digital communi· 
cations. TV, radar, and modula· 
tion techniques. Tracking and 
ranging. Spacecraft antennas 
and ground systems. 

A degree in E.E., M.E., Mathe· 
matics or Physics. And since 
our space communication proj· 
ects are in various stages of 
development. we need experi· 
ence at all levels. 

6�� 
COLLINS 

��@ 

Write, to the attention of, 
Dept. AM, to, 

L. R. Nuss 
Collins Radio Company 
Cedar Rapids, Iowa 

C. P. Nelson 
Collins Radio Company 
Dallas, Texas 

E. D. Montano 
Collins Radio Company 
Newport Beach, California 

An equal opportunity employer 
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This is a gyroscope with no wheels, motors, gears, 

bearings, gimbals, rotors, springs or bushings. 

The first magnetic induction nuclear gyroscope: a laboratory 
niodel, but functional enough to prove that the principle 
works. Its descendants are expected to be the most precise 
and dependable navigation instruments ever devised. 

It has a heart of water, contained in a small glass sphere. 
Electrical coils around the sphere align the water's nuclear 
particles like bar magnets. When the gyro's orientation is 
changed, these particles are disturbed. They emit a faint cur­
rent, which signals the change ... with fanatical accuracy. 

Good mechanical gyros also sense, and signal, change of 

direction. But as time goes on even the best of them will build 
up excessive drift. Since there are no moving parts in the nu­

clear gyro, its drift rate due to friction is zero. Because of its 
simple construction, it should eventually be produced at far 
less cost than mechanical gyros. And it will never wear out. 

The one above was built under Republic's independent 
research and development program, and tested under Bureau 
of Naval Weapons sponsorship. 

Tomorrow its descendants will guide men who travel on the 
sea ... under it ... in the earth's atmosphere ... and beyond. 

REPUBLIC 
AVIATION CORPORATION 

FARMINGDALE, LONG ISL.AND. NEW YORK 
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Actual photograph of CRAB NEBULA 

Light ... from. the edge of tim.e 
AMPLIFIED BY RCA ELECTRON TUBES 

As man looks out into space, he also looks back in 
time. Through powerful optical telescopes he is able to 
study distant galaxies as they were two billion years 
ago, before life began on earth. 

But light that has traveled this awesome expanse of 
time and distance is so feeble when it reaches the earth 
that it has required long hours of painstaking photo­
graphic exposure to detect it. 

Today these faint traces of ancient light can be am­
plified electronically about 100,000 times, making it 
possible to photograph stars millions of times dimmer 

than the naked eye can see - in 1/ 10th the time it 
previously took. 

The devices that make this possible are RCA electron 
tubes known as the Image Intensifier and the Image 
Intensifier Orthicon - now at work in some of the 
world's most powerful telescopes. 

Expanding the capabilities of astronomy is but one of 
many uses of these RCA electron tubes. They are an­
other important achievement in RCA's never-ending 
search to create new tubes for new uses - in indus­
try, science, medicine, national defense, and home 
entertainment. 

RCA ELECTRON TUBE DIVISION 

.. The Most Trusted Name in Electronics 
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