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Foamed plastisol protects highly finished parts: Our new 
flame-resistant foamed plastisol is an ideal "wrapper" for plated 

and machined parts - partly because it is so easy to peel off, 

mostly because it costs less and protects better than a paper 

wrap. This vinyl material doesn't develop its economical, cellu­

lar structure until heated. It is easily applied by spraying, which 

means less waste, with more accurate control of its thickness. 

Fast cure for bubbles in fine glass: Molten glass that includes 
M& T Sodium Antimonate is free from objectionable bubbles or 

"seeds." Sodium antimonate contributes an oxygen pressure, 

forming large scavenging bubbles that sweep small bubbles from 

How microscopic cracks retard corrosion of plated metal: 
Plate more than 20 millionths of an inch of ordinary chromium on 

auto brightwork and it soon develops relatively gross cracks, 

some extending right to base metal, inviting corrosive action [left}. 
A new M& T plating process can plate 50 millionths or more, 

controlling fissures to micro-cracks that reduce galvanic action, 

retard corrosion of the nickel undercoat and basis metal (right). 

the glass. This "fining" cuts rejects-in T.V. tubes, for example. 

An added advantage is that M& T Sodium Antimonate prevents 

glass from darkening due to ultra-violet light. The same M& T 

chemical works particularly well with photosensitive glasses. 

Uniting imagination in chemicals with 
know-how in metals ... M& T research 

and technical service engineers can 

help with problems in chemistry, ce­

ramics, plating, organic coatings, min­

erals and welding. Write M& T Chemi­

cals Inc., General Offices, Rahway, N. J. 

M & T Chemicals Inc. 
FORMERLY METAL & THERMIT CORPORATION 
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FALL IN! 

New -type recorder assembles slow or random data, spaces it uniformly on tape for computers 

If your digital computer is as finicky as most, it won't 
listen to a magnetic tape that 

t al k s Ii k e t his 

It will insist on characters uniformly spaced on the tape 

like this 

Which means that life can be difficult for people who 
have data that is otherwise perfectly reputable, but just 
doesn't happen to occur at the right time intervals to 
suit the computer. 

Now comes a wonderful device that will gladly accept 
irregular data - such as the output of a teletypewriter 
or an analog-to-digital converter - and put it on mag-

33 

netic tape just the way the computer wants it. The 
secret is incremental tape motion. Our new recorder 
stands still awaiting each character, records it, then 
moves the tape a uniform distance to await the next. 
As a result, whether characters arrive 100 per second 
or 1 per month, they are recorded in a proper, uniform 
packing density. 

The PI incremental recorder shown here records 200 

bits per inch (556 BPI optional), a recording fully com­
patible with the input requirements of IBM computers. 
To tell you more, we've put together a brochure fully 
compatible with the input requirements of discrimi­
nating users. Send for bulletin #73; address us at 

Stanford Industrial Park, PRECISION 
Palo Alto 12, California. INSTRUMENT 

~ 
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OEPARTMENT OF SlATE BUILDING EXTENSION, WASHINGTON, D. C. 

OBVIOUS BEAUTY. 
HIDDEN SA ETV! 

Thanks to fluorescent lamps, today's archi­
tects can enhance exterior design with interior 
light as well as glass and metal. But fluorescent 
lamps present problems. The ballast which 
controls current must be protected against 
overheating. Fusing is not enough to prevent 
excessive temperature that can cause ballasts 
to drip pitch, catch fire, or explode. 

To solve the problem TI devised the 
KLIXON® 9700 Automatic Reset Inherent 
Overheat Protector. Mounted directly in the 
ballast case to sense temperature at its source, 
it de-energizes the ballast before heat can cause 
premature destruction. When the trouble is 
corrected it resets automatically. 

So effective is this type of thermal protection 
that it is utilized in new U. S. government 
buildings under control of the General Services 
Administration' and has been written into 
specifications by the Canadian Standards 
Association. 

KLIXON 9700 Autolllatic Reset 
Inherent Overheat Protector is 
only one example of the many 
ways in which TI meets chal­
lenges crealively. Coupling im­
agination and knowledge with 
outstanding R&D facilities has 
made hundreds of TI customers' 
products better and saved many 
thousands of dollars. Probably it 
can do so for you. To learn how, 
send today for your free copy of 
our capabilities brochure. 

METALS & CONTROLS INC. 
8602 FOREST ST., ATTLEBORO, MASS. 
A CORPORA TE DIVISION OF 

TEXAS INSTRUMENTS 
INCORPORATE D 

BASIC METALS, ALLOYS, CERAMICS, CERMETS . • .  CLAD METALS IN STRIP, WIRE, TUBING ... 

PRECISION-ENGINEERED PARTS • • •  ENERGY CONVERSION MATERIALS AND SYSTEMS . . •  ELECTRICAL, 

ELECTRONIC, THERMAL, MECHANICAL CONTROL DEVICES ... CUSTOMIZED REACTOR CORE ASSEMBLIES. 

THE COVER 
The painting on the cover shows a 
planarian worm ill a laboratory maze 
(see "Protopsychology ," page 54 ) .  
The maze consists of three wells 
connected by a Y-shaped tunnel . 
When the worm has entei'ed the 
tunnel from any one of the wells, it 
must make a choice when it reaches 
the fork. One branch of the fork 
leads to a dark well, the other to a 
brightly lighted well. The worm has 
made the right choice and is about " 
to be rewarded with a supply of wa-
ter. After a little practice it makes 
a correct choice most of the time. 
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Oxygen at vvork: 
life for a sub 

superheat for a furnace 

High-purity oxygen from Liquid Carbonic works almost 
everywhere. Cuts and welds metal . . .  propels missiles 
. . . oxidizes petro-chemicals. Can oxygen help you in 
your work? Call Liquid Carbonic for complete service. 
technical assistance and supply. 

Dept. SA, 135 South LaSalle Street, Chicago 3, Illinois. 
In Canada, liquid Carbonic Canadian Corporation. 

Limited, 8375 Mayrand Street, 
Montreal 9, Quebec. 
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How do you take the swerves out of curves? 
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Borg-Warner knows howl 
If your new car has a sure-footed feeling you never experienced before ... if it hugs the 
curves without swerving and seems geared to even the slickest road surface ... chances 
are it's equipped with a spin-resistant safety differential by Borg-Warner. 

When one wheel starts to lose its grip on the road, this remarkable device automatically 
transfers the lost driving force to the other wheel. This added bite greatly reduces the 
chance of a dangerous swerve-when passing a truck, for example. And it means you'll 
go in drifting snow, sand or mud that would stop cars with conventional differentials. 

A spin-resistant differential engineered by Borg-Warner helps make big luxury auto­
mobiles handle like the nimblest sports cars. Surprisingly, it also gives a secure "big car" 

-

ffi!n 
-

feel to the lightest compacts. 
This new dimension of driving ease and highway safety is just one example 

of Borg-Warner's contributiOh to the safety, reliability and pleasure in today's 
automobiles. Borg-Warner Corporation, 200 S. Michigan Avenue, Chicago 4. 

BORG-WARNER 
where research and engineering 

work wonders for you 
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Creative Engineering At Sun Oil Company 

Engineering is a creative activity at Sun 
Oil Company. Two typical examples of 
Sun's creative engineering at work are 
presented here. One involves the develop­
ment of a sophisticated engineering 
technique utilizing the laws of mathe­
matics and physics. The other tells how 
a creative idea led to an unusual new 
way to store petroleum products. 

Using Pressure Transients 
To DeterInine 
Reservoir ParaIneters 
There are many ways to recover oil from 
a reservoir. Among the more common 
techniques are solution gas drive, ex­
ternal gas drive, water flooding, miscible 
displacement and thermal recovery. 

In order to decide which of these methods 
should be used in a particular reservoir, 
it is necessary to have a detailed descrip­
tion of the reservoir including many 
physical properties which are not easily 
determined. Cores obtained at the time 
of drilling a well represent only a very 
small sample of the reservoir and can 
give misleading results if the core prop­
erties at the well are not representative 
of the entire reservoir. Fortunately, 
many of the unknown reservoir param­
eters can be determined indirectly by 
measuring the transient pressure re­
sponse of the reservoir. 

Each production rate sets up a corre­
sponding pressure distribution pattern 
throughout the reservoir. Any change in 
production rate results in a new pressure 
pattern. The transient pressure behavior 
in the producing formation is measured 
by lowering a sensitive instrument into 
the well. This instrument was designed 
and built in Sun's production research 
laboratories near Dallas, Texas. In 
practice, the well is produced at a con­
stant rate until a steady pressure distri­
bution is obtained. Then the rate is 
suddenly changed to zero and the result­
ing transient pressure buildup is meas­
ured and plotted (see curve). 

The curve graphically illustrates a pres­
sure distribution that satisfies both the 
following differential equation and the 

. boundary conditions imposed by the 
geometry of the reservoir. 

d2P d2P dP 
- + - = A -
dx2 dy2 dt 

This equation is basic in heat flow and 
electrical theory as well as in fluid flow. 
The idea of superposition and the 
method of images are used in the solu­
tion of fluid flow problems, just as in 
the familiar heat flow problems. Solu­
tion of this equation shows that pressure 
increases linearly with the logarithm of 
time during a substantial part of the 
test. The shape of the curve before the 
linear portion is controlled by the 
physical properties of the formation in 
the immediate vicinity of the well. 

The slope of the linear segment is 
directly related to the reservoir permea­
bility, an important parameter for any 
reservoir engineering calculation. If a 
reservoir boundary is near, its effect 
causes the curve to rise more rapidly. A 
linear boundary, such as a fault, causes 
the slope to increase to twice that of the 
earlier part of the curve. The final part 
of the curve indicates the volume of the 
reservoir. 

The transient pressure performance 
thus provides many details of the reser­
voir which are vital to the proper 
engineering design of an operating plan 
for the reservoir. 

Storing Products In 
Underground Caverns 
Sun Oil Company has found that under­
ground storage of petroleum products 
at the refinery offers many advantages. 
At the Marcus Hook refinery, these 
caverns are mined from solid granite. 

Sun stores petrochemicals and light 
hydrocarbon petroleum products in four 
such caverns at its Marcus Hook, Pa. 
refinery. 

One cavern, having a 75,000 bbl capacity 
(3,150,000 gallons), is used to store high 
purity propylene. While this is the 
smallest of the caverns, it is a relatively 
large storage facility for propylene or 
lighter hydrocarbons. By storing lique­
fied propylene in this cavern, the com­
pany is able to operate its propylene 
distillation units at the optimum rate for 

PROMOTING PROGRESS THROUGH RESEARCH 

8 

best economy on an intermittent basis 
without diminishing its ability to meet 
customer demands. 

Two other caverns, each with a capacity 
of 250,000 bbl (10,500,000 gal), are used 
to store butane products. One stores a 
mixture of isobutane and butylene, the 
charge stock to the alkylation unit, and 
permits this plant to be shut down 
annually for maintenance without losing 
production. This also saves over 125,000 
lb of steam per hour during the period. 

The other is used to store butane, which 
must be reduced to a minimum in motor 
fuels during the summer to prevent 
vapor lock and added in the winter to 
insure rapid engine starting. Without 
this storage facility, the company would 
be forced to sell butane at low prices in 
the summer and buy it at higher prices 
in the winter. 

The largest cavern (shown above) is a 
mammoth one of 450,000 bbl (18,900,000 
gal) capacity located 420 ft below ground 
that is used to store liquefied petroleum 
gas. This cavern permits the storage of 
all excess LPG production during the 
summer, when prices are depressed, so 
that it can be sold and shipped at 
higher prices during the winter. 

SUN OIL COMPANY 

1608 Walnut St. Philadelphia 3, Pa. 
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START YOUR CHILD ON THIS SENSIBLE PLAN based on exciting books about SCIENCE and HISTORY • • •  

designed to instill a lifetime love of good books and to assist him -without pressure -with his school work 

NOT A TOY! 

THIS FINE OPTICAL 

INSTRUMENT IS 

NEARLY TWICE THE 

SIZE SHOWN HERE 

Three Turrets: 

J OOx • 200x • 300x 

carrying case, the micro­
scope, instruction manual, 
10 prepared slides, 5 blank 
slides, slide covers, magnify­
ing glass, tweezers, spatula. 

I 

AN IDEAL BIRTHDAY GIFT (see below) 

A I TRIPLE-TURRET I MICROSCOPE KIT -"SCHOOL SIZE" 

E 
WITH A FOUR-MONTH TRIAL SUBSCRIPTION TO 

YoU1� Readers if America 
A DOOK CLUB FOR DOYS AND GIRI.S (rHO," 8 TO 14) 

UNDER TilE DIRECTION OF Book-of-the-Month Club 

this fine THE PLAN • To encourage - Wit/JOllt 

press",e - a natural love of reading is 
the sound educational principle of the 
YOUNG READERS 0 .. AMERICA* plan. It 
provides-at regular intervals, which is 
extremely important - authoritative 
books that are, above all, filII to read. 
11,e "library building" habit thus ac­
quired in childhood is the most precious 
that can be developed in any child. 
There arc two separate series involved 
-LANDMAHK and ALLABOUT Bool(s­
one covering history and the other sci­
ence. You can subscribe to either one 
for your child, or to both at a 10% 
discount_ 

* A FOUR-MONTH TRIAL SUB­
SCRIPTION is suggested, in order to sec 
how your own young reader responds to 
the idea. To excite and inspire him im­
mediately, he will receive, free (there 
is a charge for postage), the enrollment 
gift pictured at left. He will also receive 
the book you select as the first purchase 
from the two listed in the coupon. At the 
end of the trial subscription, if )'OU do 
not feel that the plan is succeeding, you 
arc free to cancel. 

yo u r  

(1) THE ALLABOUT BOOKS arc com-
prehensive books about SCIENCE by emi­
nently qualiAed science writers such as 
Roy Chapman Andrews, David Dietz, 
Jack Gould and a host of others of equal 
authority. 

(2) THE LANDMARK BOOKS about 
American and world HISTORY arc by 
authors whose reputations were made in 
the field of serio liS adult writing-John 
Gunther, Pearl S. Buck, Thomas B. Cos­
tain, John Mason Brown and many others. 

ALSO GIVEN. _ • SO BOOKPLATES 

* THE SYSTEM IS SIMPLE - each 
month your child will receive a book 
addressed to him personally. The price 
to suhscribers, lower 1/)"11 the pllblis/Jer's 
retail /Jrice, is only $1.85 each, pIllS a 

small charge for mailing. 

* IF YOU DECIDE to subscribe to 
both series (one ALLABOUT BOOK and 
one LANDMARK BOOK each month) you 
will receive a discount of 10%, making 
the special combined price $3.33, plus 
the postage and handling charge. 

NOTE ABOUT BIRTHDAYS: If you wish the sub­

scription to begin as a birthday surprise, 

simply check the proper box in the coupon : 
The enrollment gift and the first purchase 
will be sent in packages plainly labeled 

"Do not open until your birthday." Enclosed 

will be a card naming YOll as the donor. 

*'l'r;Hkmark of Book-of-tlw-!\fonth Clllb, Inc, 

BEGIN WITH ONE OF THESE-OR BOTH YOUNG READERS OF AMERICA 170-2 

NOTE TO PARENTS: AI.L ABOUT THE 
HUJ\I,\N Bony contains perhaps the best 
and most sensible description of human 
physiology ('vcr written for children, It 
includes an illustrated explanation of the 

process of reproduction that has been 
called "a model of clarity and dignity," 

A Branch of Book-of-the-Month Club, Inc., 345 Hudson St., N. y, 14 
Pl�as� �nrol1 the child ilam(!(] below In a four-month tl'ial suhs('l'iption to Yo/my Ucadn's of .'l1It/rica :lnd with the first hook(s) speciHed, S(!IU\ him, free (there Is a charge for postage), the "SCH OOl ... SIZ";" TRIPLE 
TUHHEt' l\l1CHOSCOPE KIT nml lin" bookplates, I may cancel the :;;uu­scription :my time nfter rec�I\'lng fOlll' shlpmcnts of books, Plc:ls(! :;;enr\ the child: 

o �1�'in��Nc�1�1�:t<,.O�ogo�t���ha�IOI11\hndn�g�lllo�n�a�fl �l���� (plus � 
o :?��n�I���l��g�Tfo�,ogo�t�;�h n�r���Sn�g�lllo:.n�n�� ��o�� (

plus � 9 

o �l�(f �i�IL�l���"\I ��?�� �\�)�U�n� �!�\RM�l��geB��I� l�gsCt�lg�Ol��� g hnndling) fOl' ('ncll sllipment. 
As the child's first purchase send th� book (or book:;;) checked nt the left, (FOI' comhlnntion suhscl'iptlon check both bOOks,) 

Order must be filled in and signed by PARENT or DONOR 

SEND ROOKS 1'0 . . • • • • • • • • •  , " , . . , . , . "  .... . " .. 
Name of child-please pl'lnt 

Street . •  , • •  _ • • • • •  , • • • • • • • • • • • •  , • • •  , , , , • 

City . • • • • • • • . •  , . • • • • • • • • • • • • • • • • • • • •  _Zone". ,State_ • • • • • • • •  

M,- I ORDERED BY Mrs. • • • • • •  , • •  ' , . . .  , ' , . .  , , . , , . , . . .  , . . • • • • • • • •  

Miss Signature of parent or donor 

Str�et • • • • • • • • • • • • • • • • • • ' "  . ,  • • • • • • • •  , , • ' , . , • • •  ' • • • •  , • • • • •  

City, ' , , , .. 20ne, ,State. ' 

D ��:�u c���: r:::��EA:lo B��I��A���Fr..,��:�N�O�H�E����R�� 
NOTE: In C[\n:1da, LA;"''l))IAHK and ALI.ABOUT nOOKS are S2.05 ('ach 

(83.(;�1 for a ('omhinatlon suIHII'!'iptlon) pIllS postage unci handlln�. and HI'(' silijlped dllill ;r,. .. from TOl'()nt(), YR 3? 

9 
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BECAUSE YOU BUY NO MORE THAN YOU 

NEED AND NO LESS THAN WILL DO THE JOB 

new PHILCO PACT pricing 

Now computer pricing 

has caught up with the computer age 

through Philco PACT Pricing. 

(PACT: Pay Actual Computer Time) 

It's pricing that's as up-to-date as 1963 . . •  

pricing that saves you money when you use your computer 

and when you don't use your computer. 

For a minimum investment 

PACT gives you maximum computer time. 

It allows you to use the computer by the hour. , • 

not by the day. 

For Philco 4000 Series users 

PACT ends the 176 hours-per-month 

sacred cow of the computer industry. 

And why not? 

With PACT you can now tie the cost of your computer 

to throughput ... and PACT gives the benefits of efficiency 

to the one who deserves them ... the user. 

It makes a real difference 

If you have an application with peak loads 

(and who doesn't) ... 

or if you feel you need a real computer 

but can't make the 176-hour gamble. 

Low basic charges 

PACT pricing brings you a new 4000 Series computer 

with 8-thousand characters of memory 

and four magnetic tapes, 

a printer, a card reader and punch for less than ... 

$4000 per month 

plus approximately $22 an hour. 

Of course, you get more than the computer. 

This price includes the extensive 4000 software package 

and Philco service and back-up support. 

PACT couldn't be better 

even if you worked out the plan yourself 

it's today's most sensible pricing 

for today's most sensible computer. 
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economy 
IS WHAT WE DESIGNED IN ... 

NOT WHAT WE LEFT OUT 

new PHILCO 4000 Series 

You need the BEST computer available 

Which is the best? 

The one that fills your needs ... sensibly. 
So if you need real capability and real flexibility 

plus low cost 

we're pretty sure a Philco 4000 Series computer 

will qualify as the best for you. 

To begin with it's fast ... 

(effective memory access time: 3 microseconds) 

fast enough to do almost any job. 

And that's not all ... 

within the Philco 4000 Series you can choose 

some of the fastest 

and some of the slowest input·output devices ... 

it depends on your needs and your pocketbook. 

More flexibility 

There's been a lot of debate 

about fixed and variable word length computers. 

With the Philco 4000 Series there's no need to debate. 

It works fixed or variable word length ... 

whichever fits the individual program best. 

Everyman's computer? 

We wish it were. 

If you need a small special purpose computer, 

a Phi Ico 4000 probably has too much stuff. 

And if you need fantastic power, 

we recommend a Philco 2000 Series computer. 

But if you're in the middle 

(and most of us are these days) we think 

a Philco 4000 will measure up to your unique needs 

for scientific or business applications, or both. 

Because the 4000 

is today's most sensible computer­

with today's most sensible pricing. 

To prove our point we would appreciate an opportunity 

to measure Philco 4000 cost and performance 
in terms of your specific needs. 

II 
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GOOD REASON FOR 
ACRADRIVE/22 
hydraulic servo motor. 

More good reasons 
Speed 500 to 1/60,000 rpm 
Torque 3.52 in. Ib./psi 
Response 250 cps 
Acceleration 40,000 
radians per sec2 

For more details, write for 
Publication M-2281 A. 
• Cimtrol Division, The 
Cincinnati Milling Machine 
Company, Cincinnati 9, Ohio. 

t/" 

... 
Acradrivej22 Motor 

(exploded view) 

Weight 156 lb.; Diameter 121/2 in. 

MOm 
CINCINNATI 
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LETTERS 
Sirs: 

The recent discovery of stimulated 
emission of light from p-n junctions of 
gallium arsenide has created great in­
terest in the scientific world ["Science 
and the Citizen "; SCIENTIFIC AMElUCAN, 

December, 1962]. Although long rec­
ognized as a theoretical possibility, the 
practical realization came much sooner 
than expected by many. It is of interest 
that the late John von Neumann antici­
pated this discovery as early as 1953. 
At that time he held discussions with 
Edward Teller about the possibility of 

using stimulated emission from recom­
bination of electrons and holes in semi­
conductors to make a light amplifier. 
Among the unpublished papers found 
in his files there was a working paper 
entitled "Notes on the Photon-Disequi­
librium-Amplification Scheme." These 
notes were reviewed by one of us (J. B.) , 
who wrote a summary of them that will 
appear in Volume V of the collected 
works of John von Neumann, published 
by the Pergamon Press. The following 
is an excerpt from this summary: 

"The possibility of making a light am­
plifier by use of a stimulated emission 
in a semiconductor is considered. By 
various methods, for example by injec­
tion of minority carriers from a p-n junc­
tion, it is possible to upset the equilib-

Sci,'ntifil' American, February, 196:k Vol. 208, 
No. 2. Published monthly by Scientific American, 
Inc., ,OS .:\Iadison Avenue, New York 17, N.Y.: 
Gerard Piel, president: Dennis Flullagan, vice­
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Editorial correspondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 l\ladisoll 
Avelllle, New York 17, N.Y. Manuscripts arc 
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rium concentrations of electrons in the 
conduction band and holes in the valence 
band. Recombination of excess carriers 
may occur primarily by radiation, with 
an electron dropping from the conduc­
tion to the valence band and the energy 
emitted as a photon with an energy 
slightly greater than the energy gap. The 
rate of radiation may be enhanced by 
iucident radiation of the same frequency 
in such a way as to make an amplifier. 
The basic principle was used later by 
Townes and by Bloembergen in the 
MASER (Microwave Amplification by 
Stimulated Emission of Radiation), al­

though not with recombination radiation 
in a semiconductor." 

University of Illinois 
Urbana, Ill. 

JOHN BARDEEN 

A. H. TAUB 

Institute for Advanced Study 
Princeton, N.J. 

Sirs: 
Bruce I. H. Scott's description of 

current research on electricity in plants 
["Electricity in Plants "; SCIENTIFIC 

AMERICAN, October, 1962] is reminis­
cent of an account of plant magnetism 
that appeared in your pages more than 
80 years ago. Scientific American for 
February 26, 1881, calls attention to the 
so-called compass plant (Silphium la­
ciniatum) : 

"The first announcement of the tend­
ency of the leaves of the compass plant 
to direct their edges to the north and 
south was made by General (then Lieu­
tenant) Alvord of the U.S. Army in the 
year 1842, and again in 1844, in com­
munications to the American Association 
for the Advancement of Science .... The 
lines in 'Evangeline' (familiar to many 
readers), and beginning 

Look at this delicate plant that lifts 
its head from the meadow, 

See how its leaves are turned north 
as true as the magnet; 

It is the compass plant that the finger 
of God has suspended, 

H ere on its fragile stalk, to direct 
the traveler's ;ou1'/1ey, 

Over the sealike, pathless, limitless tCClste 
of the desert ... 

were inspired by a personal communi­
cation made by General Alvord to the 
poet Longfellow." 

Laboratory investigations of the re-
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lation between electricity or magnetism 
and plant life are quite old. As early 
as 1777 Tiberius Cavallo noted in his 
A Complete Treatise on Elect ricity: 
"M r. Koestlin ... has found that both 
animal and vegetable life are retarded 
by negative electrification." Plant elec­
tricity seems to have quickly become 
a field of some interest, because the 179.3 
edition of Cavallo's book observes: 

"That electricity promotes vegetation 
is a proposition which was admittcd 
many years ago, and has at various times 
received apparcnt ccnfirmation from 
the publication of experiments and ob­
servations made either accidentally, 
or cxpresslv for the purpose ... but Dr. 
Ingen-Housz's attentive examinations of 
the subject, and the result of his numer­
ous experiments, have shown the fallacy 
of the proposition, by having exposed 
the insufficiency of the experiments upon 
which it was established." 

Jan Ingcn-Housz (1730-1799) was 
an eminent Dutch physician and natural 
philosopher. His experimental conclu­
sions were based on a large number of 
carefully controllcd tests with different 
plants, i)olarities and electrodc disposi­
tions. The mistakes of earlier workers 
were attributed by him principallv to 
the effects of unequal lighting. 

Ingen-Housz's results, however, hard­
ly settled the matter. Mottelay's Bihlio­
graphical History of Electricity and 
Magnetism (1922) gives dozens of con­
flicting references to the literature, from 
the time of Ingen-Housz to 11)79, deal­
ing with the influence of clectric and 
magnetic nelds on vegetation. 

MYlloi\: ROBlNsOi\: 

Research-Cottrell, Inc. 
Bound Brook, 1\'.J. 

EHHATUM 

In "Authors " for December, 
] 962, it is stated that John A. 
Clements, the author of the article 
"Surface Tension in the Lungs," 
is assistant chief of the Directorate 
of !I'ledical Research, a division of 
the Army Chemical Center in 
Maryland. In actuality he was 
formerly assistant chief of the 
Clinical Investigation Branch at 
the Amw Chemical Center and is 
now res�arch physiologist at the 
Cardiovascular Research Institute 
of the University of California 
Medical Center in San Francisco. 

We got an''J1:'in 
tilt geometry 

But the problems were toughies. The 
glass bulb you see is the exterior of a 
complex cathode ray t ube used in 

guidance systems and high altitude 

pinpoint bombing. Viewable images 
can be recorded by cameras aimed 

through the rear of the tube! 

Initial bulbs proved unsatisfactory, 
so the tube maker came to Lancaster. 

Lancaster improved the design and 
changed to a ground and polished· 

face plate. Optical quality, required 
in the rear of the tube for the cam­

eras, was achieved by inserting oph­
thalmic lenses in counterbored holes. 
(This eliminated the striae condition 

evident in the original design.) Obvi­
ously, the location of these lens holes 
was critical if proper "tilt geometry" 
was to be attained for 102 

precise film recording. 

Our marks are good in 
other areas, too. Need 
glass components? Ask 
Lancaster, where to­
day's problem is tomor­
row's answer-in glass 
or plastic. 

Write for your copy of Component, Lancaster's 

periodical for Idea People. 

13 
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California Institute of Technology: Case Institute of Technology: University of Chicago: Columbia University: University of Illinois 

Massachusetts Institute of Technology: University of Michigan: Pennsylvania State University: Princeton University: Stanford University: Tulane University 

Science and Defense 
In these times Science cannot live in an undefended atmosphere. And Defense, without Science would be no de­

fense at all. * The scientific community of the nation wants to apply its talents to the problems of defense. The 

Department of Defense needs the best possible technical inputs to resolve the questions and reach the decisions 

which determine our defense posture. * At the behest of the government, eleven great universities have joined to 

sponsor a non-profit association, called the Institute for Defense Analyses, to provide an important link between 

the two separate but interdependent specialties. * IDA is staffed by scientists and engineers brought from all sources 

of such talents-from academic pursuits,from professional practice,from the research and development agencies 

of industry, from experimental laboratories , from graduate circles. * IDA accepts , and can put to good use on its 

permanent professional staff, practitioners of almost all the scientific disciplines. They find real satisfaction in being 

identified with work at the interface between science and strategy, one of the most important relationships of our 

times. * Due to its unique nature and to the two-way purpose of its basic structure, IDA also can accept people for 

comparatively short periods of time. A two-or three-year stint with IDA could be the catalytiC agent in your career. 

POSSibly it could satisfy that feeling that you owe part of yourself to your country. Probably it would show you 

new facets of, and new uses for, the disCipline you profess. * Why not get in touch with us? 

INSTITUTE FOR DEFENSE ANALYSES Department A, r 7 r 0 H Street,Nw, Washington 6,DcAn equal opportunity employer 
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RIGHT AT THIS MOMENT SOMEONE at Allis-Chalmers 
is working on a product idea or application that can 
dramatically influence your business and personal future 

because today, more than ever before,ALLIS.CHALMERS 
is doing its share to help y-ou share in a better future. 

17 

© 1963 SCIENTIFIC AMERICAN, INC



Northrop had many problems building its latest communications system. 

Hit and run. This is how Viet Cong guerrillas operate. And these 

tactics were frequently successful because of South Vietnam's 

lack of adequate communications. 

To overcome the problem, Northrop was asked to build a com­

plete military communications network across this troubled land. 

Normally, survey work on such a project would take a full year. 

Northrop had less than a year to complete the entire system. 

But Northrop had tackled tough assignments before. Its Page 

Communications subsidiary had built communications systems 

in Turkey, Greenland, Europe, and for the Atlantic Missile Range. 

This experience enabled Northrop to complete survey work in 

just six weeks. Then the real work began. Northrop engineers 

slogged through dense jungles and over rugged mountain ranges. 

Where roads were non-existent or impassable, they built new 
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One was Viet Cong guerrillas. 

.nes. Lacking heavy construction equipment, they improvised 

vith willing but unskilled Vietnamese men and women. 

Electronic and mechanical equipment was flown in from the 

Jnited States and hauled to construction sites by truck convoys, 

'ice boats, helicopters, and primitive shoulder yokes. Every move­

nent was made under armed guard, for there was always the 

hreat and the actuality of ambushes. 

From this work emerged the largest mobile tropospheric scat­

ter communications system in the world. It is extremely flexible, 

with truck-mounted stations that can be transported cross-country 

or flown to needed sites quickly and easily. It links all the military 

hot spots across the land. 

And despite all difficulties, it NORTHROP was completed ahead of schedule. 
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"Why we chose the NCR 390 Computer." SOULE STEEL COMPANY 

"In our opinion 'experience is a good 
teacher.' This may be an old cliche but 
we feel it is a good one. We have used 
NCR Accounting Machines for years. We 
have always found the equipment to equal 
or better the standards specified by NCR 
representatives. Our experience with the 
NCR 390 is no exception. 

··Two major factors dominated our 
thinking and planning for the 390, ONE, 
We were able to modify existing equip­
ment and utilize it to provide input for the 

A major manufacturer and erector of steel and rein· 
forced concrete structures. Headquarters, Son Francisco. 

computer. We are able to continue proc­
essing daily transactians and as a by­
product pravide punched paper tape for 
high-speed processing of volume distribu­
tion data into summary form. This enables 
us to speed closing of cost records and 
provide management with faster reports. 

"TWO, The NCR 390 utilizes a record 
that can be processed electronically and 
at the same time furnishes a historical 
record for reference. We like records that 
can be readily referred to for cost informa-

tion and other data necessary in estimating 
and bidding on contracts. 

"We now consolidate accounting work 
that was previously done in the field and 
other branch lacations. We feel the NCR 
390 is a practical, low-cost answer to our 
data processing needs." 

Edward Lee Soule, Jr., President 
Soule Steel Company 

NCR PROVIDES TOTAL SYSTEMS-FROM ORIGINAL ENTRY TO FINAL REPORT­
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES. AND OATA PROCESSING 
The National Cash Register Co. -1,133 offices in 151 countries· 79 years of helping business save money INlclRI 
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Projection or Plan? 
The solid lines on all the charts stop at "today." To be 

ready for tomorrow's opportunity requires more than a 
projection. It requires a plan. 

In our view a projection is an educated guess at what 
may happen. A plan is a specific program of action to 
make as sure as possible that the right thing does happen. 

.. Celanese takes planning seriously. It is a separate, 
specially staffed and high ranking function at the cor-

porate level. It is a continuing and detailed function in 
each operating company. Formal plans are on a one-and­
five year basis and are continuously reviewed and brought 
up to date. 

We do not believe that any diversified chemical com­
pany is doing more to take the element of chance out of 
its future than we at Celanese. 

Celanese® 

C�e&e.. 
CHEMicALS FIBERS PLASTICS POLYMERS 
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Frequency and time measurement demand continuing 
improvement in the operation, readability and reliability 
of electronic counters. These instruments are used in all 
scientific disciplines for making measurements involving 
time and frequency. The electronic counter is capable of 
measuring frequencies with extreme accuracy, measuring 
the period of unknown frequencies directly, making time 
interval measurements, counting random events, and de­
termining the ratio of one frequency to another. This is 
accomplished by the use of a precision time base and high 
speed binary electronic circuits that perform mathematical 
functions. The measurement is displayed directly and accu­
rately in an in-line display of numerals. 

Solid state electronic counters usually require complex 
circuitry to drive these numerals. This circuitry must take 
binary information and convert it to decimal data before 
it can be displayed and read. Many counters employ net­
works of 10 high voltage transistors, 10 diodes and many 
resistors for each numeral. Some use space consuming relay 
networks. Hewlett-Packard has pioneered a totally new 
technique which simplifies circuitry and provides the 
needed amplification for readout signals while still retain­
ing the rapid speed of operation. This technique incor­
porates a photoconductor-a device that changes its elec­
trical conductivity by a factor of several thousand under 
varying degrees of illumination. 

The high speed photoconductor developed by Hewlett­
Packard and manufactured by its affiliate, HP Associates, 
translates the binary information to decimal data. Eight 
neon bulbs that are part of the binary counting circuits 
are lighted according to the count. These illuminate the 
photoconductor matrix, cause it to conduct, and light the 
correct readout numeral on the instrument's front panel. 
No other switching or amplification is required. 

In addition to translation and switching, the photoconduc­
tor matrix allows the last reading of the counter to remain 
while the next count is being made. Because the display 
does not continually change, it is easier to read and faster 
measurements may be made. 

Photoconductor research is but one way that Hewlett­
Packard seeks constantly to produce definable advances in 
the state of the art of measurement. Electronic counters 
are but one example of progress from the world's largest 
manufacturer of precision electronic test equipment. 

[- -!,:",-

-. :... 
hp 5245L 50 MC Solid State Counter This counter employs the hp photo· 
conductor matri x for driving its 8-dig it in-line display. The instru m ent measures 
directly to 50 mc and also measures period. period average of up to 10" periods, 
ratio between two frequencies, and, with the addition of plug-ins, will count 
frequencies, up to 512 mc and will measure time interval of 1 /J.sec to 10. sec. 
$3,250. Frequency-extending and time interval plug-ins optional at extra cost. 

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

Hewlett-Packard S. A., Geneva; Hewlett-Packard (Canada) Ltd., Montreal; 
Boonton Radio Company, Dymec Division, Harrison Laboratories Division, HP 
.4ssociates, F, L. Moseley Co., PAECQ, Sa�born Company. Plants: California 
(4), Coloraclo (2), Massachusetts, New Jersey (2), England, Germany. 
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including important advances 
in military defense 
Yes, paper defenses against a war of 

stealthy death! But papers with peace­
t ime uses too. Papers that sense air 
contamination ... that wring water and 
micron solids from aviation gasoline or 
natural gas lines ... that filter radio­
active dusts, and wrap sensitive areas in 
the gas-proof, moisture-proof, mildew­
proof security of 50% activated charcoal. 

Knowlton Specializes 
on the Advancing Edge of Progress 

Knowlton develops new papers for 
new uses ... from the idea through the 
prototype stage and the production runs! 
''''e offer manufacturing facilities for 
specialty papers requiring extremely 
close dimensional, chemical or physical 
limits and uniformity. Our entire 
energies are focused on the new, the 
different, the can't-be-done jobs. In 
recent months, we have turned out 
papers that feature . • •  

• High-pressure air flow 
• High-temperature fluid flow 
• High-uniformity chemical absorption 
• High gas adsorption 
• High-impregnation with organic solids 
• High-sensitivity to air-borne contaminants 
• High moisture resistance 
• High linear and shear strength 
• High abrasive resistance 
• High-potential recombinations of 

mechanical and physical properties 

WRITE for a free copy of the 

booklet: "Creative Imagination 

in the Development of Techni .. 

col and Industrial Papen". 
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50 AND iOO 
YEARS AGO 

FEBHUAHY, 1913: "In the desolate, 
icy waste of an unexplored Antarctic 
country Capt. Hobert Falcon Scott gave 
up his life after having reached the South 
Pole. Capt. Scott and the four men with 
him reached the pole on January 18, 
1912, but on the return journey all pcr­
ished. Their bodies were not found until 
a search party, sent out on October 30, 
discovered them on November 12, near­
ly eight months after the disaster. Evans 
died from concussion of the brain on 
February 17, 1912; Oates from expo­
sure on March 17, 1912. The remaining 
three men made their way back to with­
in 155 miles of Cape Evans, when they 
were caught in a blizzard that must have 
lasted nine days, and were overcome 
about March 29, within 11 miles of the 
shelter and supplies at One Ton Camp. 
In the last tent pitched by the party a 
Rnal message, from Scott himself, was 
found. Written with the shadow of death 
upon him, its pathetic appeal has deeply 
moved the civilized world. In it he 
wrote: 'I do not think human beings cver 
came through such a month as we have 
come through, and we should Ilave got 
through in spite of the weather, but for 
the sickening of a second companion, 
Capt. Oates, and a shortage of fuel in 
our depots, for which I cannot account, 
and, finally, but for the storm that has 
fallen on us within 11 miles of the depot 
at which we hoped to secure the final 
supplies. Surely misfortune could scarce­
ly have exceeded this last blow! We 
are weak. Writing is difficult, but for my 
own sake I do not regret this journey. 
We took risks. ';\1e knew we took them. 
Things have come out against us and 
therefore we have no cause for com­
plaint but bow to the will of Providence, 
determined still to do our best to the last. 
But if we have been willing to give our 
lives to this enterprise, which is for the 
honor of our countrv, I appeal to our 
countrymen to see that those who de­
pend on us are properly cared for.' " 

"In patent No. 1,050,601 Dr. Alex­
ander Graham Bell, instead of making 
the supporting surfaces of a flying ma-

chine Hexible at their lateral marginal 
portions and Hexing or warping those 
portions to preserve or restore the bal­
ance of the machine, makes such sup­
porting surfaces rigid and nonflexible 
and employs a vertical balancing rudder 
that, when the machine is in the normal 
horizontal position, lies approximately 
in the medial vertical fore and aft plane 
of the machine. This rudder is mounted 
on an upright axis, and when the balance 
of the machine is disturbed, the rudder 
is by suitable means turned about its 
axis to incline it to that side of the axis 
toward the lower side of the machine, 
the resistance offered by the air as the 
machine moves rapidly 'forward operat­
ing to again restore the balance of the 
machine when the rudder is returned to 
its normal position." 

""Vith the practical necessity for elim­
inating the smoke nuisance and the 
efforts of very nearly every engine manu­
facturer turned in that direction, some 
tests recently conducted by the Royal 
Experiment Station for Testing Materials 
at Berlin are interesting. A sample of 
commercial motor lubricating oil was 
separated into two portions, one portion 
bcing treated with acetone, and the 
other was tested in its normal condition. 
The results demonstrated that the 
'treated' oil was an efficacious lubricant 
and that it burned without producing 
either smoke or irritating odors. The 
normal oil, on the other hand, burned, 
cmitted considerable volumes of smoke 
and an odor described as 'highly irritat­
ing to the nose and eyes.' The tests sug­
gest that methods in vogue to abate the 
smoke nuisance are perhaps directed 
wrongly, and that chemical rather than 
mechanical means might better be em­
ployed." 

FEBHUAHY, 1863: "The Committee 
on Agriculture in the House of Represen­
tatives has prepared a bill defining the 
duties and providing for the officers in 
the new Agricultural Bureau. It author­
izes the employment of a chief clerk, a 
botanist, chemist and entomologist at a 
salary of $2,000 each per annum; also 
a disbursing clerk and a chief of statis­
tics at $1,800 each; a translator and 
draughtsman at $1,400 each and six 
clerks at $1,200 each." 

"A new survev of the sea bottom be­
tween Ireland ,;nd Newfoundland has 
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NEWS FROM 

BELL TELEPHONE LABORATORIES 

New high-purity 
alloys make better 
electron tubes 

I ngot of high·purity nickel alloy is removed from controlled atmosphere melting furnace. 

Alloy is virtually free of impurities which inhibit electron emission. The new alloying technique 

and the methods for making cathodes and evaluating their electron·emitting properties were 

developed by K. M. Olsen and H. E. Kern. 

Scientists at Bell Telephone Laboratories have developed 

new high-purity nickel alloys which are proving highly 

effective in lengthening the life of advanced-design elec­

tron tubes used in the Bell System. This development 

meets the demand of new electronic technology for long 

life and high reliability in electron tubes. 

One of the new alloys is now providing the outstand­

ing performance required in the electron-emitting cathode 

of the traveling wave tube in the Telstar satellite. 

The first step was to devise new means for the fabri­

cation of ultra-pure nickel to eliminate those impurities 

harmful to cathode performance. It was then possible 

to add to the ultra-pure nickel the alloy constituents and 

activating agents desired for optimum cathode perform­

ance, and at the same time to hold the undesirable 

impurities at levels below 50 parts per million. These 

techniques involved purifying the nickel raw materials 

and melting, alloying and casting in controlled atmos­

pheres of hydrogen and helium. 

This development is an example of how metallurgical 

scientists work to improve communications. The new 

nickel alloys are now being produced by the Western 

Electric Company, manufacturing unit of the Bell System. 

Bell Telephone Laboratories 
World center of communications research and development 
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Noteworthy Notes on Digital Measurement / Fifth in a Series 

Solving special temperature 
measurement problems 

with a digital voltmeter ... 
How standard instrumentation and 
standard methods were utilized by Gen­
eral Electric Company could be of inter­
est to anyone involved in temperature 
measurement. 

THE BASIC PROBLEM 
These were the requirements faced by 
GE and NLS engineers: 
• Measure 300 temperatures quickly, 

approximately 2 seconds per measure­
ment. 

• Maintain a resolution of ± 10 micro­
volts, which is ±0.02 % of full scale, 
and an accuracy of ± (0.05 % of read­
ing ±10 microvolts) for thermo­
couple voltage measurement, up to 
±55.00 millivolts. 

• Provide instantly available data In 
printed form. 

• Measure several voltages as great as 
300 volts. 

• Provide operating simplicity in instru­
mentation. 

• Separate operator's control portion of 
the system from the area where meas­
urements are generated. 
These requirements were met by a re­

mote control data system formed prima­
rily of standard instruments, including an 
NLS digital voltmeter for voltage meas­
urements and a precision DC preampli­
fier for millivolt measurement. 

FEATURES REMOTE CONTROL 
Basically, the system is a two-unit setup 
connected by a 30-conductor cable 150 

This data system, in.corporating a digital voltmeter 
and other standard instruments, measures and re­
cords up to 300 widely varying temperatures. 
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Simplified junctional c1wrt of the system. 

feet long. Installed in a cabinet in a haz­
ardous area near the thermocouples are 
the preamplifier, the switching section of 
a crossbar scanner, and the temperature­
controlled thermocouple reference junc­
tions (±0.1 OF). In the operator's con­
sole are an NLS V34 Transistorized 
Digital Voltmeter, an NLS 155 Transis­
torized Data Printer, and the control sec­
tion of the crossbar scanner. 

Without this remote control feature, 
it would have been necessary to run 600 
relatively expensive thermocouple wires 
150 feet. 

One of the major advantages of the 
system for this type of application is re­
lated to the resolution of the digital volt­
meter. Input voltage changes of 0.02 % 
of full scale are instantly recognizable. 
This means that the numerical display of 
the DVM will change to a new number 
for an input voltage change of 10 micro­
volts. 

Similar systems are available with a 
wide variety of options, including more 
or fewer input channels ... strain gage 
measurements . .. higher speed voltme­
ters and recorders ... electric typewriters, 
tape or card punches, magnetic tape re­
corders . . .  digital clocks for time data ... 
digital comparators for warning or gol 
no-go tests . .. AC/DC converters for 
precise AC measurements ... resistance 
measurements. 

For additional information or compe­
tent advice on digital measurements, con­
tact one of the 19 NLS factory offices 
located throughout the U. S., or write 
Non-Linear Systems, Inc., Del Mar, Calif. 

�� non-linear systems, inc, .� Origilwtor of tile Digital Voltmeter 

been made by the British ship Porcupine. 
The primary object of the survey was 
to ascertain the most gradual slope of 
the bed of the ocean and the route most 
suitable for a line of telegraph cable. 
Two routes have been selected for ex­
amination. For a distance of 160 miles 
due west from Cashla Bay there was 
found to be a gently undulating terrace, 
baving a decline from 100 to 185 
fathoms. At the western extremity rises 
a bank that is but little more than 80 
feet below the surface. Beyond this is a 
descent of 700 fathoms in 10 miles, 
when the telegraphic plateau is gained 
-a vast submarine plain, stretching 
thence to the banks of Newfoundland 
with a tolerably even depth of two miles 
of water. The second route starts from 
Valentia. A valley 525 fathoms deep is 
first met with. A ridge 25 miles in width 
rises from the opposite edge, which 
ridge is between 195 and 230 fathoms 
below the surface. At the western ex­
tremity of this the bed again declines 
till the bottom of a much deeper valley 
is found. In this sea valley the waters 
are three miles in depth. Beyond this a 
gradual rise takes place till the tele­
graphic plateau is reached." 

"From January 1st up to the 30th ult. 
no less than 1,556, 117 gallons of petro­
leum have been shipped from New York, 
and in addition to this there were export­
ed from Boston 217,298 gallons; from 
Philadelphia, 129,513 gallons; from 
Baltimore, 55,369 gallons; and from 
Portland, Maine, 47,466 gallons-total 
449,646 gallons-making a total export 
from the United States since the 1st of 
January of 2,005,763 gallons. The petro­
leum trade, in its sudden rise and rapid 
progress, is the most extraordinary on 
record. The importation into London last 
year was 28,335 barrels; Liverpool, 
39,309 barrels; Glasgow, 650 barrels. 
Exports to Europe from America totaled 
257,914 barrels, or 10,318,658 Ameri­
can gallons." 

"On the new metal thallium the Paris 
Academy of Sciences has received a sec­
ond communication from M. Lamy, from 
which it appears that if the discoverer, 
Mr. Crookes, at first discovered it to be 
a nonmetallic substance, he was not far 
wrong. At least M. Lamy finds it want­
ing in one of the chief properties of 
metals-viz., the power of conducting 
electricity and heat, since the power of 
induction developed in the metal is 
of but slight intensity when the circuit 
of the pole is successively closed and 
broken." 
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WHAT'S 
IN THE AIR 
FOR 
ASTRONAUTS 

Hundreds of contaminants, 
many toxic, can be present in 
a capsule's atmosphere. Even 
ordinary materials like plas­
tics can produce dangerous 
out-gassing under extreme 
heat or shifts in barometric 
pressure. The vital job of 
continuous atmosphere moni­
toring on extended space 
flights is an application for 
gas chromatography, a versa­
tile technique that can meas­
ure multi-components in the 
p a r t s  p e r  m i ll i o n  l e v el 
quickly. Perkin-Elmer has pi­
oneered the development and 
made important advances in 
chromatography for indus­
trial and research use. It now 

is applying this capability, 
plus its understanding of 
space system packaging, to 
capsule atmosphere monitor­
ing, planetary surface and 
atmosphere analysis and other 
sophisticated space science 
efforts. Gas chromatography 
i s  a n o t h e r  e x a m p l e  o f  
Perkin-EImer's dedication to 
the development of instru­
mentation for precise meas­
urement in the interest of 
industry, science and defense. 
Perkin-Elmer Corporation, 
Norwalk, Connecticut. 

PERKIN-ELMER 
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For a complimentary reprint of this Artzybasheff illustration, write: Avco, Dept. SA2, 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. 
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UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE. CREE D. A ",�O 
COLOR, OR NATIQNAL ORIGIN ... WRITE Aveo TODAY. Aveo CORPORATION, 750 THIRD AVE., NEW YORK 17, N. Y. � r -..., ' 
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Keyed to the needs of researchers in such diversified studies 
as Agricultural Chemistry, Biology, Geochemistry, Metal­
I urgical and Historical Research, Organic Chemistry and Proc­
ess Controls, the all-new TMC Activation Analysis Package 
offers the first integrated system for gamma radiation analysis. 

Detection and measurement of trace amounts in samples 
is not only economical (a complete Ellison -TMC System 
for activation analysis costs less than most neutron guns 

* $11,950 

alone), it is also time saving, and accurate to definitions as 
fine as one part in 1,000,000. 

The Ellison Activatron-110 is available immediately from 
TMC, and priced as stated above. Depending on your 
application, TMC instrumentation for analysis can be 
tailored to your needs at equally modest cost. A TMC 
REPRESENTATIVE IS AS AVAILABLE AS YOUR 
PHONE. Call, wire or write for further information. 
*Due to export and shipping, prices slightly higher overseas. 

TMC is the original designer/producer of transistor­
ized multi-channel analyzers. Today, TMC instrumenta­
tion is delivered to every nation in the free world for 
use in the most advanced laboratories known to man. 
For full specifications, information, consultation, 
please write or phone your nearest Sales Office or 
factory direct _ . .  North Haven CE 9-2501. 

r:;;;a !!lC�A���N��O���!����R���A�?N���N������ 
� Sales Offices in all Principal Cities of the Free World 

EUROPE: TECHNICAL MEASUREMENT CORPORATION, GmbH, Frankfurt/Main, Garmany 
fAR EAST: NICHIMEN CO., LTD., Tokyo, Japan 
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Why this Fairchild device ••• 
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is wearing a new hat. 

At Northwestern University, researchers are 
finding out how to make football helmets safer. 
To aid them, Northwestern players wore a 
special helmet in eight games last year. Within 
its lining are six Fairchild Micrologic units­
complex electronic circuits in a package the 
size of a pencil eraser-part of a system to 
measure the direction and intensity of impact. 

The equipment frequently registered impacts 
as high as 300 G's-300 times the force of 

gravity. To a football player, that's a lot of 
impact-but it's nothing new to a Fairchild 
device. Built to withstand factory tests as high 
as 200,000 G's, they're used to rough games. 

F=AIRCHILC 
SEMICONDUCTOR 

FAIRCHILD SEMICONDUCTOR /545 WHISMAN ROAD, MOUNT"IN VIEW, CALIFORNIA I YORKSHIRE 8-8161 / TWX: 415-969·9165/ A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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These tablets 
think 

for themselves 
Like clockwork, each of these tablets 

releases medication into the system over 

an extended period of time. This ability 

to control release is made possible by a 

unique binder called Carbopol 934* • 
Carbopol water-soluble resins are remark­

able in many other ways. As thickening, 

suspending and emulsifying agents, they 

are effective in unusually low concentra­

tions. You'll want a copy of our new 

60-page comprehensive manual, "Carbopol 

Water-Soluble Resins." Write B.F.Goodrich 

Chemical Company, Department CA-2, 
3135 Euclid Avenue, Cleveland 15, Ohio. 

In Canada: Kitchener, Ontario. 

*The inc orporation of Carbopo l 934 in drug 

products is subject t o  the new drug regulation s of 

the Food and Drug Administration. Information 

available on request. 

Water-Soluble Resins 

B.F.Goodrich Chemical 
a d,�,s,on 01 H • • 8 r .Goodroel'! Compaf\)' 
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THE AUTHORS 
HADLEY CANTRIL ("A Study of 

Aspirations") is chairman of the board 
of the Institute for International Social 
Research in Princeton, N.J. Cantril also 
holds the position of research associate 
in the department of psychology at 
Princeton University, where until 1955 
he was Stuart Professor of Psychology 
and chairman of the department. Follow­
ing his graduation from Dartmouth Col­
lege in 1928, Cantril studied at the uni­
versities of Munich and Berlin and at 
Harvard University, acquiring a Ph.D. 
from the last in 1931. In 1940, four years 
after he joined the faculty of Princeton, 
Cantril became director of the univer­
sity's Office of Public Opinion Research, 
and from 1942 to 1945 he served as a 
special consultant to the U.S. Secretary 
of War and the Office of War Informa­
tion. Other extracurricular work has in­
cluded the editorship of Public Opiniol1 
from 1935 to 1946, the directorship of 
the UNESCO Tensions Project in 1948 and 
the authorship of some dozen books. 

HELMUT A. ABT ("The Rotation of 
Stars") is associate astronomer at the 
Kitt Peak National Observatory, near 
Tucson, Ariz. Born in Germany and edu­
cated in the U.S., Abt obtained a B.S. 
in mathcmatics and an M.S. in physics at 
Northwestern University. In 1952 he 
was the first to receive a Ph.D. in astron­
omy from the newly formed department 
of astrophysics at the California Institute 
of Technology. Aftcr a year at the Lick 
Observatory, Abt went to the University 
of Chicago's Yerkes Observatory in 'Wil­
liams Bay, Wis. During the latter part of 
his six-year residency therc he did field 
work in thc selection of a suitable site 
for a national observatory. When Kitt 
Peak was chosen, Abt joined the staff and 
supervised the design and employment 
of the observatory's stellar spectrograph­
ic eCluipment. 

JAY BOYD BEST ("Protopsycholo­
gy") is associate professor of physiology 
at the University of Illinois College of 
Medicine. Best, who was a combat in­
telligence officer with a heavy-bomber 
squadron in the Pacific and Far Eastern 
theaters during World War II, received 
an A.B. in physics from the University 
of Texas in 1947. He went to the Univer­
sity of Chicago to study physiology, 
worked in the department of mathemat­
ical biophysics from 1948 to 1950, re­
ceived a two-year U.S. Public Health 

Service fellowship in ]951 and was 
awarded a Ph.D. in phvsiology in 1953. 
After serving as research associate in 
psychology at Chicago and then as con­
sulting theoretical biophysicist in the 
biological and medical research division 
of the Argonne National Laboratory, 
Best joined the neuropsychiatric division 
of the Walter Reed Army Institute of 
Research in 1955. It was there, as a theo­
retical biophysicist in the Institute's de- -
partment of neurophysiology, that Best 
did research on the behavior of planarian 
worms, which he discusses in his article. 
This coming May he will join Colorado­
State University as Distinguished Pro­
fessor of Biophysics. 

NORMAN D. NEWELL ("Crises in 
the History of Life") has since 1945 been 
curator of the Department of Fossil In­
vertebrates at the American Museum of 
Natural History in New York and profes­
sor of invertebrate paleontology at Co­
lumbia University. Newell acquired his 
B.S. and M.A. from the University of 
Kansas and in 1933 received a Ph.D. in 
geology from Yalc University. After a 
year as a Sterling Fellow at Yale, Newell 
taught at the University of Kansas until 
1937, when he left to serve as a U.S. 
delegate to the 17th International Geo­
logical Congress held in Moscow. He 
returned to the U.S. and became asso­
ciate professor of geology at the Uni­
versity of ''''isconsin, remaining there 
until he joined the museum and Colum­
bia. Since 1950 Newell has been in­
volved in extensive research on the pale­
ontologv and ecology of the coral reefs 
of the Bahama Islands in the West In­
dies. This work has included expeditions 
to Andros Island and to Raroia (the 
Pacific atoll reached by the KOI1-Tiki). 
He made a fossil-collecting tour of Mexi­
co and Guatemala in 1956 and did field 
work in Greece and Turkey in 1960. 
The present article was originally given 
as the Ermine Cowles Case Memorial 
Lecture at the University of Michigan 
in 1962. 

TAHSIN OZGDc: ("An Assvrian 
Trading Outpost") is chairman of th

'
e de­

partment of Near Eastern archaeology 
at the University of Ankara in Turkey. At 
present he is in the U.S. as a member of 
the Institute for Advanced Study in­
Princeton, N.J. Ozgii9 received a Ph.D. 
from Ankara in 1942, conducted excava­
tions in the vicinity of the city from 1945 
to 1947 and the following year began 
the dig described in his article. 

:\1ALCOLM McCHESNEY ("Shock 
Waves and High Temperatures") is lec-
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Brighten Your Design Horizons 

755 756 757 

New line of 
G-E Indicator lamps has 

design life of 6 years 

Now, more design freedom is possible with the reliable G-E 

indicator lamps pictured above, actual size. This new line 

of General Electric lamps, with an average life of 50,000 
hours, gives you a greater choice for a range of applications 

as broad as your imagination. What's more, their individual 

cost is modest. 

Study the table below for operating characteristics of this 

versatile new 50,000 hour series. Consult G.E. on any mini­

ature lamp application to be sure you buy the lamp best 

suited to your needs. Write today for data sheet #3-3155. 
General Electric Co., Miniature Lamp Dept. M·31, Nela Park, 

Cleveland 12, Ohio. 

LAMP NO. VOLTS AMP. APPROX. 
CANDLE POWER 

380 6.3 .04 .02 

2180 6.3 .04 .02 
T·l 3/4 Bulb 381 6.3 .20 .40 

based or 
un based 2181 6.3 .20 .40 

382 14.0 .08 .30 

2182 14.0 .08 .30 

T·3 1/4 Bulb 755 6.3 .15 .33 

based 756 14.0 .OS .31 
only 757 2S.0 .OS .62 

Progress Is Ovr Most Imporfanf Prot/vc/ �/ 
GENERAL _ ELECTRI C 

turer in charge of the Shock Wave Group 
in the Department of Mechanical En­
gineering at the University of Liverpool. 
Born in England, McChesney studied 
physics at the University of Glasgow and 
received a First Class Honors degree in 
1952. He was awarded his Ph.D. at Liv­
erpool in 1955. Until 1960, when he took 
his present job, McChesney worked for 
two private companies, first doing shock 
tube research and, later, research on con­
trolled thermonuclear reactions. 

VERNON AHMADJIAN ("The Fun­
gi of Lichens") is assistant professor of 
biology at Clark University in Worces­
ter, Mass. Ahmadjian obtained his A.B. 
at Clark in 1952, served two years in the 
U.S. Army Medical Corps and returned 
to take an M.A. at Clark in 1956. In 1958 
he was an American-Scandinavian Foun­
dation Fellow at the University of Upp­
sala in Sweden. Ahmadjian joined the 
faculty of Clark in 1959 and was 
awarded a Ph.D. by Harvard University 
in 1960. He would like to acknowledge 
here the contribution, to portions of the 
work discussed in his article, of his re­
search assistant, Joyce P. Roche, and 
Karen A. Anderson and Edmund A. 
Schofield, J r. 

J. BRONOWSKI ("The Clock Para­
dox") is a mathematician and author 
who directs the development of new 
processes for Britain's National Coal 
Board. Born in Poland and raised in 
Germany, Bronowski studied mathemat­
ics at the University of Cambridge, re­
ceiving his Ph.D. in 1933. From then 
until 1942, when he entered the service 
of the British Government, Bronowski 
taught mathematics at University Col­
lege, Hull. The Government assigned 
him to the assessment of bomb damage 
and later to work in the field of opera­
tions research. Bronowski jOined the 
Chiefs of Staff mission to Japan in 1945, 
served as Head of Projects with UNESCO 

in 1948 and came to the U.S. in 1953 as 
Carnegie Visiting Professor at the ;Vlas­
sachusetts Institute of Technology. He 
joined the National Coal Board in 1950 
as Director of the Coal Research Estab­
lishment. His books include The Poet's 
Defence, William Blake: A Man without 
1I Mask and, most recently, The 'Western 
intellectual Tradition (with Bruce iVlaz­
lish) . Bronowski is also a nonresident 
fellow of the Salk Institute for Biological 
Studies. 

THEODOSIUS DOBZHANSKY, who 
ill this issue reviews Carleton S. Coon's 
The Origin of Races, is professor at the 
Rockefeller Institute. 
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Who can deliver the most complete line of portable instrumentation recorders? AMPEX 

And what a line it is. There's a portable for medical, for 
industrial, for research applications, for rugged applica­
tions -for almost every data acquisition need. And there's 
a price to fit almost every budget. Behind each recorder 

stands the name of Ampex -to assure you true instrumen­
tation performance all the time. On the top, above: the low­
cost SP-300. It has four speeds, four tracks, push-button 
selection for FM or Direct recording, plus built-in attenua­

tion, monitoring, calibration and erase. In the middle is the 
FR-1300. It offers 14 tracks, 300 cps to 300 KC capa­
bility on Direct, DC to 20 KC on FM and six speeds pre­
cisely controlled by a unique servo-driven capstan. On the 

bottom: the rugged CP-100. It records Direct, FM-Carrier 
and PDM. Has a closed loop drive, six standard speeds, 14 

tracks, a frequency response of up to 250 KC on Direct, 
down to DC on FM. And it operates on almost any source 
of power- including batteries. In other words, Ampex 
has a portable line so complete you can pick a recorder 
to fit your needs instead of having to modify your require­
ments to fit the recorder. For more information write the 
only company providing recorders, tapes and core memory 
devices for every application: Ampex Corp., 934 Charter 
St., .Redwood City, Calif

: 
Term financing and fAMPiil 

leaSing available. WorldWide sales and service. � 
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OF ALL 
TH E CO M PUTERS 

AVAILABLE TODAY 
THE PB250 

WAS CHOSEN AS 
THE CONTROL ELEMENT 

IN THESE 
SYSTEMS: 

Digital-Analog Simulation of Space Vehicle 
Control and Guidance Systems 

Control of Prototype Transit Shipboard Navi­
gation Systems 
Control of Digital System for Recovery of 
Satellite Doppler Data 

Real-Time Tracking and Control of Radar 
Antennas 
Rapid On-Line Monitoring in Data Acquisition 
System 
Controlling Receive Operation and Sampling 
Receiver Output in Signal Analysis Operation 

Control of Testing, Data Editing and Record­
ing in Navigation Study System 

Automatic Checkout o(Space Vehicles 
Real-Time Satellite Tracking, Antenna Control 
and Visual Display 
On-Line Performance Analysis of Steam 
Cycles 
Computer-Controlled Astronomical Telescope 
System 
Control of Nylon Filament Manufacturing 
Process 
Real-Time, On-Line Simulation of Inertial Nav­
igation Systems 
Controlling Data Acquisition Sy�tem for 
Shock-Tube Wind Tunnel 
Controlling Mobile. Data Acquisition Facility 

WHY? Because with the PB250, custom engineering is eliminated or reduced, cutting costs and time. Because 
the PB250's stored progntm contTol pel'mits simple, fast and economical changes in systems oper·ation. 

Because the PB250 can check and, in some cases, con'ect itself and other elements of a system in case of faulty 
opeTation. And because the proved reliability of the PB250 pmduces trouble-fl'ee system operation. (More than 100 
PB250's have been installed.) 

These benefits come with the PB250 for $40,000 pUTchase pTice 01' $1,200 peT month lease, making the PB250 as much' 
as 26 peTcent less expensive than any other control computeT on the mar'ket today. 

For systems operation, the PB250 pTovides 11 contTol input and 32 control output lines for sensing, signalling and 
contTOliing other systems elements. 

Another 18 control input lines are available. An optional high-speed buffer provides two-way communication between 
the PB250 and asynchronous system elements at up to 80,000 words per minute. Memory can .be expanded from 
a basic 2,320 words to 15,888. And the PB250 offers microsecond add, subtract, multiply and divide speeds. 

For more information on the PB250 and its value as a systems control element, write today for Data File C12-6. 
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SOFTWARE 

The hardware for space travel is com­
ing along nicely. The software for 
space travel is people, about whom a 
great many issues are clear and some 
are not. Clear: a man can survive a 
few hours out there. (Nikolayev, 96 Y2 

hours, no known after-effects.) To be 
determined: can a man survive in 
space for weeks, or months? (On a 
round-trip to the moon, for example. 

Or in an orbiting space station.) 
The most versatile and valuable 

component of any space system is 

man. His welfare out there is going to 
depend (in part) on the environment 

inside his vehicle. And the composi­
tion and pressure of that environment 
will depend on engineering require­
ments: weight, power, reliability. 
Suppose a pure oxygen, low-pressure 
environment were selected. How 
would our Astronauts function during 
a two-week mission? 

NASA needs to know. They as­
signed us to find out. We're doing it 

right now. 
The theory is simple enough. The 

procedure is not. It starts with our 

Environmental Test Chamber, a steel 
cylinder 30' x 18' in which we can 

produce various combinations of tem­
perature, pressure, humidity, vibra­
tion and atmospheric composition. 
Inside, in groups of 6, go healthy 
young men to breathe pure oxygen 
for two weeks. For each group the 
pressure is changed. Pure oxygen at 
5 psi for the first group, 7.4 psi for 

the second and 3.8 psi for the third. 
A fourth group, breathing air at 14.7 

psi, serves as control. 

REPUBLIC AVIATION CORPORATION, FARMINGDALE, LONG ISLAND, NEW YORK 

Outside the chamber are specialists 
in aerospace medicine, physiology, 
psychology, microbiology, biochemis­
try and environmental testing. Dur­
ing each two-week period this team 
performs 683 specific tests on each 
man (mental, sensory, motor, pulmo­
nary, hematological and microbiolog­
ical.) The group is assisted by instru­
ments (polygraphs, oscillographs and 
the like) that automatically monitor 
and record each subject's reactions. 

Probably the most significant oxy­
gen pressure in the test program is'5 
psi. That's the environment currently 
used for Project Mercury. It is also 

under consideration for Project Gem­
ini, a planned two-week orbit for 
two Astronauts. Long before they go 
up, the "unknowns" of living in an 
oxygen environment will have become 
knowns. And the hazards thereof, if 
any, will have been pinned down, 
studied and eliminated. 

This research, supported by NASA, 
is being carried on in our Space En­
vironment and Life Sciences Labora­

tory, to determine the effects of space 

travel upon the software as well as 
the hardware. 

REPUBLIC 
AVIATION CORPORATION 

37 

© 1963 SCIENTIFIC AMERICAN, INC



38 

Natural diamond wheel is used to 
surface-finish carbide blank at 

Textile Machine Works, 
Reading, Pa. For roughing of 

carbide, 100-mesh diamond grit is 
employed; for finishing, 220-mesh. 

Boring machine with two boring bars in tandem 
finishes internal bore of valve boxes on trumpets at 
Boosey & Hawkes, Ltd., Edgware, England. Each bar 
carries a carbide tip for rough boring and a natural 
diamond tip for finish boring. Tolerance on finished bore 
is held within .0003 inch of diameter and taper. 

EACH OF THESE JOBS IS DONE BETTER WITH NATURAL DIAMONDS 

The grinding and finishing jobs shown on these 

pages are being performed on alumina ceramic, 

brass, tungsten carbide and abrasive wheels. Yet 

they share one important detail: in every instance, 

natural diamonds are doing the job quickly- and 

econom ica Ily. 

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 changing tools. 

If you cut, sharpen or smooth anything in your 

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. 

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

t,) INDUSTRIAL DISTRIBUTORS (SALES), LTD., Johannesburg· London 
\, World's leading supplier of diamonds for industry 
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Pantograph attachment for grinder permits 

rapid forming of contoured abrasive 

wheels for Moore Special Tool Company, Inc., 

Bridgeport, Conn. Template is mounted 

on grinder's pantograph; a stylus is guided 

along the outline of a template, while 

diamond roughing tool cuts form into wheel. 

Final forming is done with fine-shaped 

diamond tool. After forming wheel, 

same setup can be used for wheel-dressing. 

Inside diameter of alumina ceramic 

component (hardness 9-plus on Mohs scale) 

for electronic device is ground with 

natural-diamond wheel at Diamonite 

Products Mfg. Co., Shreve, Ohio. 

Wheel has speed of approximately 

5000 sfm. These parts are machined 

to tolerances within .001 inch. 
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This is the closest anybody's come to an "ideal" industrial camera. 

The Polaroid MP-3 Industrial View 
Camera is so versatile that it is virtually 
a self-contained studio_ It can finish jobs 
ranging from photomicrographs to big 
maps and wall charts in times ranging 
from 10 seconds to two minutes_ The end 
product can be a print, a print and nega­
tive, or a slide-mounted transparency, as 
you choose_ All from one self-contained 
rig_ All without using a darkroom. 

Physically, the MP-3 is a rigid stand on a 
laminated wood base. A counterbalanced 
camera body rides easily up and down the 
stand and swings to a horizontal position 
for bigger work mounted on a wall. Pre­
positioned floodlights illuminate regular 
size work on the base. 

Optically, the MP-3 is even more sophis­
ticated. Y Oli can work with four inter-

Here's why: 
changeable lens and shutter combinations 
plus a lensless shutter for photomicrog­
raphy. In all cases you work with an 
eye-level, ground-glass reflex viewer for 
fast, easy, hairline focusing. 

But it's the film systems that give the 
MP-3 such speed and versatility. It uses 
five different kinds of Polaroid Land Film 
(some not widely known among amateurs) 
plus conventional4x5 b&w and color films. 

Many jobs call for just a black and white 
print. You can get it in 10 seconds with 
31,4 x 41,4 roll film or two speeds of 4 x 5 
film (one is A.S.A. 3,000!). If you need 
a negative to work with, another 4 x5 
Polaroid Land Film will supply a fully 
developed fine-grain negative and a match­
ing positive print, in just 20 seconds. 

Then there are two kinds of transparency 

film (one for line work, one for continu­
ous tone) which can be mounted and 
ready for projection in seconds. And, of 
course, if you aren't in a hurry you can 
use any conventional 4 x 5 black & white 
or color film. 

The MP-3 is a precision instrument. It 
can meet the demands of skilled pro­
fessional photographers. It is also an 
extremely simple camera to use. Inex­
perienced personnel can easily use it to 
record results of their regular work. 

More details on this new camera are con­
tained in ourfree, six-page brochure, which 
we'll be happy to send you. Even if you are 
satisfied with your present photographic 
set-up, it makes fascinating reading. 
Write: Technical Sales Dept., Polaroid 
Corp., Cambridge 39, Mass. Today. 
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A Study of Aspirations 

The develop1nent of a "self-anchoring'" scale lnakes it possible 

to study the hopes and fears of people in different countries 

and to find where each 1nan thinks he stands in his own world 

U
.S. citizens-known for their ma­

terial prosperit� and a certain 
smug contentment in it-may be 

surprised to learn that samplings of pub­
lic opinion in West Germany, Brazil and 
Cuba have shown that the peoples of 
these countries are even more buoyant 
about their recent progress and more 
hopeful of the future. Americans may be 
chastened as well to learn that these peo­
ples also identify their personal well­
being more closely with the fortunes of 
their countries. These very general state­
ments represent the first findings of an 
experimental effort to develop a tech­
nique for making comparative studies, 
across national boundaries, of the con­
cerns and aspirations of people around 
the world. Such studies may offer a sys­
tematic approach to many fundamental 
questions about people and their socie­
ties in the present period of rapid social 
change and political evolution: What 
sort of order and stability do people re­
quire of viable social and political sys­
tems? What sort of demands do existing 
systems impose in turn on the individu­
al? What are the characteristic concerns 
of people in societies that are breaking 
away from tradition or from a colonial 
past? Under what circumstances does 
the preoccupation of people with ele­
mental material needs give way to the 
flowering of more subtle and complex 
interests? Can one discern any sequen­
tial phases in political development? 

The difficulty here is twofold. On the 
one hand, it is necessary to get people to 

b�' Hadley Cantril 

voice their concerns and aspirations in 
their own terms; on the other, this in­
formation must be secured in such a 
form that the responses of different indi­
viduals and groups of individuals either 
within the same society or in different 
societies can be compared to one an­
other in some meaningful way. As soon 
as the investigator sets up categories of 
information to be secured, with the aim 
of obtaining comparable and quantita­
tive data, he runs the risk of imposing 
arbitrary boundaries and thereby blur­
ring the richness, uniqueness and va­
riety of the individual response. And 
yet people's reports of their concerns 
must be fitted into some categories if 
comparisons are to be made. 

My colleagues and I at the Institute 
for International Social Research in 
Princeton, N.J. , have undertaken to 
meet this difficulty by designing a "self­
anchoring" scale for the comparison and 
measurement of human concerns. Start­
ing with the premise that each individual 
creates for himself his own world of real­
ity, in which he assigns significance to 
what he perceives in terms of his life's 
purpose, we set out to elicit his own view 
of his world. The self-anchoring scale 
allows an individual's expression of his 
concerns, values and perceptions to es­
ta.blish the top and bottom points of 
a self-defined measurement continuum. 
On this "first person" scale he is able to 
estimate his present estate on the basis 
of his recollection of the past and his 
hopes and expectations for the future. 

When many such scales are laid down 
side by side, they reveal significant simi­
larities and contrasts in people's esti­
mates of where they stand in their re­
spective worlds. 

S ince we began our field work in 1957 
we have surveyed representative 

samples of the adult populations, usually 
2,000 individuals, in the U.S., West 
Germany, Brazil, Cuba, the Philippines, 
Israel, Panama and the Dominican Re­
public. Surveys are now under way in 
Poland, Yugoslavia, Nigeria and India. 
In addition, in nine countries we have 
surveyed approximately 100 members 
of the national legislative bodies of each. 
Wherever possible we have enlisted so­
cial scientists or survey experts who are 
citizens of the country being studied to 
serve as our interviewers. Where no such 
individuals were available we have ar­
ranged for the training of competent 
local people. In order to ensure uni­
formity of procedure, either Lloyd A. 
Free, my principal associate in this work, 
or I have visited each country for pro­
longed periods to assist in organizing 
the research. On occasion we have had 
to spend considerable time teaching 
local personnel the principles of making 
a social survey, from the drawing of a 
probability sample from census data to 
the conducting of an interview. 

In Brazil, for example, where our sur­
vey was done by an extremely able Bra­
zilian research group, Free had to work 
out with them a probability sample for 
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the whole rural area of the country, be­
cause that area had never before been 
covered in a social survey. Many of our 
Brazilian interviewers had· to ride horse­
back in order to get to their respondents. 
In the rural areas of the Dominican Re­
public our interviewers were at times 
threatened· by machete-wielding natives, 
who suspected that the interviewers' ac­
tivity was a subterfuge for locating con­
scripts for the armed forces, after the 
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DRAWING OF LADDER is presented to 

a subject after be bas establisbed his own 

"self.anchoring" scale by defining his per· 

sonal aspirations and fears. The subject is 

asked to assume that the top of the ladder 

is the best possible life for him and the 

bottom the worst possible, and to judge 

where he stands now and where he was five 

years ago and will be five years from now. 
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precedent set by census takers under the 
dictatorship of Rafael Leonidas Trujillo. 

A special problem, in view of the na­
ture of our research, was to secure faith­
ful translation of our questions into the 
native language. This was not easy even 
in the case of other European languages. 
In the Philippines interviews had to be 

. conducted in seven different languages, 
and in India we had to translate ques· 
tions into 13 languages to obtain an ade­
quate population sample. 

In an interview the respondent is first 
of all asked the following question: "All 
of us want certain things out of life. 
When you think about what really mat­
ters in your own life, what are your 
wishes and hopes for the future? In 
other words, if you imagine your future 
in the best possible light, what would 
your life look like then, if you are to be 
happy? Take your time in answering; 
such things aren't easy to put into 
words." 

The interviewer records the reply in 
as verbatim a fashion as possible. When 
the respondent falters, the interviewer 
may prompt him with questions, being 
careful not to ask leading questions, until 
there is nothing further to report. The 
interviewer then continues with this 
question: "Now, taking the other side of 
the picture, what are your fears and 
worries about the future? In other words, 
if you imagine your future in the worst 
possible light, what would your life look 
like then? Again, take your time in 
answering." 

Again the responses are recorded ver­
batim with whatever·prompting is neces­
sary. The interviewer then shows the 
respondent a drawing of a ladder with 10 
rungs [see illustration at left] and says: 
"Here is a picture of a ladder. Suppose 
we say that the top of the ladder repre­
sents the best possible life for you. 
Where on the ladder do you feel you 
personally stand at the present time?" 

As he speaks the interviewer points to 
the top of the ladder and then to the 
bottom, and when he comes to the ques­
tion of where the respondent now stands 
on the ladder, he moves his finger rapid­
ly up and down it. When the respondent 
has indicated the appropriate rung, he 
is asked: "Where on the ladder would 
you say you stood five years ago?" Then 
he is asked: "Where do you think you 
will stand on the ladder five years from 
now?" 

Although there is nothing sacred 
about the number of rungs the ladder 
might contain, experience has shown that 
the zero-to-lO interval is easily under­
stood. There is nothing crucial about the 
interval of five years either, but we find 

that many people have difficulty recall­
ing where they were more than five 
years ago and equal difllculty foreseeing 
the future more than five years hence. 
The device of the ladder has proved 
meaningful and workable in all groups 
except among certain primitive peoples, 
where it was tested in the preliminary 
phases of the study. Some untutored 
Bantu in South Africa found a crude 
sketch showing climbers on a hill more 
intelligible. 

T he underlying self-anchoring prin-
ciple embodied in this procedure 

can, of course, be used to elicit informa­
tion on a wide variety of subjects. For the 
purpose of our studies, in addition to 
asking people to tell us what they regard 
as the best and worst possible life for 
themselves and where they stand on the 
ladder, we ask them a complementary 
pair of questions about their hopes and 
fears for their country. With the top and 
bottom of the scale thus again defined, 
we once more present them with the 
picture of the ladder and ask them to 
indicate the present, past and future 
positions of their country as they see 
them on this scale. 

Perhaps the most crucial step in this 
research is the coding of the topics men­
tioned by the respondents into meaning­
ful categories that will make it possible 
to compare different social and national 
groups. We had to devise a code at the 
outset that would handle any type of re­
sponse given by any person anywhere, 
without having to force a response into 
some category not entirely appropriate. 
From pilot tests of the technique we 
constructed a code that after several 
revisions now contains approximately 
145 items. 

When a small group of people who are 
going to do the coding on a given run 
of responses has worked with us for a 
few days, we find well over 90 per cent 
agreement on the categories to which all 
of us assign the responses. To keep in 
mind what the categories refer to we 
select from the interviews a number 
of illustrative quotations. When a re­
sponse is put into the category of "Im­
provement of present standard of liv­
ing for self or family," we are able to 
see at a glance the wide variation in the 
content of this aspiration for people in 
different groups and in different coun­
tries and thereby to study the extent to 
which it is functionally or psychologi­
cally equivalent. 

In certain countries we have found it 
necessary to add a few new items to ac­
commodate indigenous preoccupations. 
In West Germany, for example, the ques-
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tion of German reunification came up 
often enough to rel{uire a new item; 
in Israel enough people were concerned 
with the preservation of the integrity of 
Jewish culture to call for a special cate­
gory. After any such categories have 
been added, we generally Rnd that not 
more than 5 per cent of all topics men­
tioned have to be lumped under the 
heading of "Miscellaneous." We keep as 
categories in our code any topic that 
turns up in 5 per cent or more of the 
responses in any country. The coded re­
sults, together with the coded ladder 
ratings, are then transferred to punched 
cards for subsequent tabulation and sta­
tistical treatment. 

So far we have completed our tabula­
tions for only the Rve countries repre­
sented in the charts that illustrate this 
article: the U.S., West Germany, Brazil, 
Cuba and the Philippines. The Reid work 
should be completed in another six 
months, and we will then need time for 
systematic analysis and interpretation of 
the rather large mass of data. The results 
presented here are for purposes of illus­
tration of the work that is in progress. 

From tabulation of some of the gen-
eral categories into which we sort all 

the items in our code, certain interesting 
uniformities and differences among na­
tional groups emerge. A few common 
denominators characterize the concerns 
of people in all five countries: concern 
with their economic situation and stand­
ard of living; with their own health and 
that of the members of their families; 
the desire to provide adequate opportu­
nities for thcir children. These interests 
cut across class boundaries within each 
country as well. Concern for an im­
proved standard of living was mentioned 
as often in the U.S. as it was in poorer 
countries, such as Cuba and Brazil; in 
the U.S. persons in the upper- and mid­
dle-income groups were just as concerned 
with the question as those in the lower­
income group. For one upper-income 
American it took the form of "I want 
enough money to own a boat and send 
my four childrcn to private preparatory 
schools"; for the wife of a worker in 
Havana the wish was "to have enough 
food and clothes so we won't have to 
beg for these things." 

Such nonmaterial values as emotional 
maturity, independence of thought and 
action, recognition by others, feeling of 
accomplishment and so on [see illustra­
tion on page 45] were mentioned as 
personal aspirations by about a third of 
the people of Cuba. About a fourth of the 
Cuban respondents mentioned these 
values in association with fears that they 
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might not attain thei;' life goals. In the 
U.S., on the other hand, onlv a fifth of 
the respondents expressed ca'

ncern with 
these values and only 3 per cent men­
tioned them in answering the second 
question in the interview with regard to 
the "worst" outlook for their lives. 

In response to questioning about con­
cern for nation, the citizens of different 
countries again showed differences in at­
titude. Among Americans, for example, 
hope for peace and fear of war were 
mentioned by nearly 60 per cent; among 
West Germans this percentage was 70 
and among Cubans it was only 10. Con· 
cern for the independence of their coun­
tries was expressed by about 10 per cent 
of the Cubans, West Germans and Fili­
pinos interviewed but by less than 5 per 
cent of the Brazilian and U.S. citizens. 
Whereas respondents of '1.11 nationalities 
voiced a uniformly high concern about 
their personal economic well-being, only 
6 per cent of the citizens of the industrial 
countries mentioned such concern in 
speaking of the future of their countries. 
In the underdeveloped countries of Cuba 
and the Philippines, on the other hand, 
at least a fourth expressed hopes that 
were classified under the code item "An 
improved standard of living or greater 
national prosperity through technologi­
cal advances-increase in the rate of 
mechanization, use of modern scientific 
advances, nuclear energy; greater pro­
ductivity in industry or agriculture; de­
velopment of natural resources." 

Within each national population 
group our interviewers found sig­

nificant divergence of outlook among the 
rich and the poor, the city dweller and 
the farmer, the skilled worker and the 
businessman, the young and the old. 
Some 45 per cent of U.S. Negroes, for 
instance, expressed the wish to have 
their own house or apartment, some­
thing mentioned by only 21 per cent 
of U.S. whites. In Brazil more than half 
of those in the low-income groups in 
urban communities craved a decent or 
better standard of living, something that 
concerned less than a fourth of middle­
class Brazilians in the cities. Whereas 
half the West Germans over 60 years 
old indicated their concern for good 
health, only about 10 per cent of those 
under 30 are as yet worrying about 
health. For the small Moslem popula­

tion in the Philippines the most wide­

spread desire was to have great wealth, 

mentionea by a third of them; less than 

1 per cent of the small Protestant popu­

lation there expressed any such concern. 

In Cuba the fear of Communism was ex­

pressed by 15 per cent of those with a 
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university education but by only 3 per 
cent of those who had only an elemen­
tary school education. 

I t is the wealth of material of this kind 
volunteered by the respondents that, 

in each case, establishes the top and 
bottom of the self-anchoring scale and so 
lends meaning to the more summary 
ladder ratings of the respondents. In 
considering the ladder ratings it is well 
to bear in mind when the data were 
gathered in each country. In the Philip­
pines the study was made in the spring 
of 1959, while Carlos P. Garcia was still 
president and before the victory of the 
reformist candidate Diosdado Macapa­
gal; in Cuba the study was made in 
the spring of 1960, a little more than a 
year after the revolutionary government 
headed by Fidel Castro had seized pow­
er; in Brazil, in the spring of 1961 not 
long after the election of the progressive 
candidate Janio Quadros, whose presi­
dency was soon afterward terminated by 
his resignation. All three of these coun­
tries were deliberately selected for study 
at these times because they were in a 
state of ferment. The study was conduct­
ed in the U.S. in August, 1959, and in 
West Germany in September, 1957. 

The "personal" ladder ratings for the 
citizens of all five countries show a prev­
alence of hope for the future and, with 
the exception of the Philippines, a sense 
of progress from the past to the present. 
Over the 10-year period embraced in the 
interview the Cubans and the Brazilians 
expressed an experience and an expecta­
tion of greatest total progress: 4.3 steps 
on the ladder from the past into the fu­
ture in the case of the Cubans and 3.2 
steps in the case of the Brazilians. At the 
time we made our survey the people of 
Cuba thought they would have climbed 
on the ladder in the next five years to 
a higher step (S.4) than that to which 
the Americans aspired (7.S). The con­
trast between the sentiments expressed 
by the Cubans and the Brazilians and 
the relatively low standard of living pre­
vailing in their countries provides a 
measure of the discrepancy between the 
subjective self-anchored ratings and the 
objective situ'ations that actually ob­
tained in those countries. Obviously the 
anchor points in the minds of the re­
spondents in these countries are very 
different from those in the minds of the 
respondents in the U.S. and West Ger­
many. There is ample testimony to this 
effect in the record of the interviews that 
preceded the ladder ratings in each case. 
The self-anchoring scale makes it pos­
sible to secure insight into the diverse 
worlds in which people of different na-

tionalities live and to compare their out­
looks on those worlds. 

The "national" ladder ratings show 
much the same contrast among the out­
looks of the people of the three de­
veloping countries and the two indus­
trially advanced countries. Again the 
Cubans and the Brazilians showed the 
warmer optimism. In the total 6.6 climb 
from the past to the future projected by 
the Cubans for their country, it is inter­
esting to observe that they thought they 
had already achieved a 4.8-step advance 
by the spring of 1960. The Filipinos show 
the only negative rating, a one-step de­
cline in their country's present situation 
compared with the past; this decline was 
barely offset in their expectations for the 
future. 

Of interest is the degree of correlation 
between the personal and the national 
ladder ratings. In general it appears that 
when people have a sense that they are 
successful participants in a national po­
litical movement, there is an appreCiable 
relation between the ratings they assign 
to their personal situation and to that of 
their country. For the Cubans in the 
spring of 1960 this correlation was a high 
.43, in contrast to the low .OS correlation 
between the personal and the national 
ladder ratings of Americans. 

The studies of the attitudes of par­
liamentarians in four of the coun­

tries show some interesting divergences 
from the public attitudes in these coun­
tries. In the two developing countries, 
Brazil and the Philippines, the legislators 
evinced considerably more satisfaction 
and hope than their electorates. In the 
U.S., on the other hand, members of 
Congress thought that the country had 
gone backward during the preceding five 
years, which was in disagreement with 
public opinion in the country at large­
perhaps in part because 1958 had been a 
recession year and because this was a 
Democratic Congress during a Republi­
can administration. 

Analysis and comparison of the ladder 
ratings obtained from various groups 
in the several countries yield addition­
al significant insights. The U.S. Negro, 
for example, thought he was worse off 
personally at the time of the survey 
than he had been five years earlier, 
but he also thought the gap between 
his rating of himself and of the country 
five years thereafter would have closed. 
Compared with U.S. white citizens, he 
rated both his personal estate and the 
condition of the country lower. In Brazil 
the rural population correctly estimated 
its situation as being less favorable 
than that of the urban population of 

the country; this is apparent not only 
in the difference between the personal 
and the national ladder ratings given by 
the rural population but also in the dif­
ference between the personal ladder rat­
ings of the rural and the urban popula­
tions. In the contrasting ladder ratings of 
the three Cuban income groups one can 
see plainly the psychological hold and 
sweep of the Castro revolution among 
the country's poor; it was the poorest 
who had the brightest vision of the fu­
ture for themselves and their country. 

The sampling of our results presented 
here illustrates the kind of information 
that becomes accessible through appli­
cation of the self-anchoring scale. Above 
all, the technique makes it possible to 
see and compare the wide variety of 
ways in which different people look at 
the world, or, more properly, the wide 
variety of worlds in which people live 
their lives. 

1. EMOTIONAL STABILITY AND 
MA TURITY -peace of mind, mental 
health and well-being; sense 'of humor, 
understanding of others, etc.; harmo­
nious life. 

2. BE A NORMAL, DECENT PER­
SON,leading aquiet life, harming no one. 

3. SELF-DEVELOPMENT OR IM­
PROVEMENT -opportunity for inde­
pendence of thought and action, for fol­
lowing through with own interests; further. 
study; reading for nonleisure purposes; 
no "rut." 

4. ACCEPTANCE BY OTHERS-rec­
ognition of my status by others; to be 
liked, respected or loved. (Exception: 
Where reference is restricted to family or . 
marriage, code under Col. 4-1.) 

5. ACHIEVE SENSE OF MY OWN 
PERSONAL WORTH -self-satisfac­
tion; feeling of accomplishment; life of 
content. (Note: Recognition by SELF as 
contrasted to recognition by others.) 

6. RESOLUTION OF ONE'S OWN 
RELIGIOUS, SPIRITUAL OR ETH­
ICAL PROBLEMS. 

7. TO LEAD A DISCIPLINED LIFE. 

8. MISCELLANEOUS aspirations re­
garding one's own personal character. 

Y. Nothing to code in this column. 

CODING of widely different answers as to 

aspirations and fears for self and nation 

is a critical phase of the investigation. 

Each answer is fitted into one of 145 cate­

gories. This small sample of categories deals 

with personal characteristics, one of the sub­

topics in the personal-aspirations section. 
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THE ROTATION OF STARS 

As the sun turns, its equator n10ves at t,vo kilometers per second. 

SOlne stars turn at 550 kilometers per second, fast enough to spin 

off matter. Such measurements are clues to the history of a star 

X
l stars except the sun appear as pin­

points of light even in the largest 
telescopes. The nearest stars are 

so distant that their diameters are imper­
ceptibly small. Yet from the pinpoint of 
light that reaches the earth the astron­
omer can often measure the diameter of 
the star, determine its mass, detect the 
presence of a close companion that does 
not show up separately in the telescope 
and even tell something about the fea­
tures of its unseen surface. This article 
is concerned with a related feat of mod­
ern astronomy: the determination of the 
speed of rotation of stars. In completing 
the portrait of a star, this determination 
helps to establish its relative age in the 
evolutionary cycle and allows significant 
deductions about its interior structure. 

Like most other information about 
a star, the measurement of its rotation 
is derived from its spectrum. One can 
spread out the pinpoint of light into a 
streak on the photographic plate by in­
terposing a prism or a diffraction grating 
in the path of the beam and dispersing 
the light into its component rainbow col­
ors. With red (the longest waves) at one 
end, followed in order by orange, yellow, 
green, blue and violet (the shortest 
waves), each color changing impercep­
tibly into the next, the wavelengths regis­
ter in order on the emulsion. Beyond the 
red and violet ends of the spectrum, the 
invisible infrared and ultraviolet wave­
lengths can also be photographed on 
emulsions of appropriate sensitivity. A 
prism or defraction grating to spread out 
the light, plus lenses, slits and other 
optical parts, make up the spectrograph, 
which has been called the queen of 
scientific instruments. 

Any object that is hot enough to give 
off light has its own characteristic spec­
trum. The spectrum of a tungsten fila­
ment is a continuous streak of un inter-
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ruptedly changing color. Narrow black 
lines appear in such a spectrum, how­
ever, when a glass tube containing hy­
drogen gas is interposed between the 
glowing filament and the spectrograph. 
The hydrogen absorbs light of certain 
colors: a deep red with a wavelength of 
6,562 angstrom units, a shade of blue­
green at 4,861 angstroms, blue-violet at 
4,340 angstroms, violet at 4,101 ang­
stroms and some wavelengths in the ul­
traviolet. Hydrogen gas always absorbs 
these same wavelengths. When it is heat­
ed to a high temperature, it emits light 
at these and no other wavelengths ill the 
visible region of the spectrum. 

The vapor of every element or com­
pound has a characteristic set of wave­
lengths that it absorbs when cool and 
emits when hot. The dark lines of ab-

sorbed light or the bright lines of emitted 
light that show up on the spectrogram 
reveal not only the presence of the ele­
ment or compound but also the quantity, 
which directly determines how much 
light is absorbed or given off at the 
'
characteristic wavelengths. 

A 
star, consisting of a large, extremely 
hot mass of gas surrounded by an 

"atmosphere" of cooler gas, produces a 
spectrum crossed by many dark lines. 
In a typical stellar spectrum, absorption 
lines appear at the wavelengths of hy­
drogen, helium, oxygen, nitrogen, titani­
um vapor, iron vapor and many other 
elements. Iron vapor absorbs at several 
thousand different wavelengths and 
marks the spectrum of the sun with as 
many dark absorption lines. The spectra 

SPECTRA OF FIVE DWARF STARS reveal different apparent speeds of rotation. The 

absorption (dark) lines are broader for stars that spin faster if all five have their axes of 

rotation nearly at a right angle to line of sight. Broadening occurs because dark lines from 

spectrum of edge of stellar disk approaching the earth are shifted toward the violet and 
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of stars hotter than 8,000 degrees Kelvin 
(degrees centigrade above absolute 
zero) do not show these absorptions be­
cause each iron atom has lost two of its 
26 electrons and accordingly produces 
absorption lines outside the visible part 
of the spectrum. The large differences 
in stellar spectra arise mostly from dif­
ferences in the temperatures of the stel­
lar atmospheres. 

To detect and measure the rotation of 
a star the astronomer makes use of shifts 
in the characteristic position of the ab­
sorption lines that arise from the well­
known Doppler effect. These shifts, in­
cluding the famous "red shift," provide 
much information of other kinds about 
the stars and the galaxies. They show up 
most strongly when a star or a galaxy is 
in rapid motion toward or away from 
the observer on earth. If the object is ap­
proaching, the lines are shifted toward 
the violet (short wave) end of the spec­
trum; if it is receding, the lines are shift­
ed toward the red. As in the more fa­
miliar experience with sound, the crests 
of the waves arrive with higher fre­
quency from a source that is approaching 
and with lower frequency from a source 
that is receding. 

The Doppler effect in a stellar spec­
trum caused by the linear motion of the 
star is usually so small that only the 
most accurate measurement can detect 
it. A typical star, moving at 35 kilometers 
per second toward or away from the 
earth, will have a Doppler shift of only 
half an angstrom. The most distant gal­
axies, on the other hand, have shifts 

toward the red of as much as 1,600 ang­
stroms; this extreme red shift indicates 
motion away from the earth at speeds 
of up to 120,000 kilometers a second, or 
40 per cent of the speed of light. In the 
spectra of these galaxies a correction 
must be made for a further shift toward 
the red caused by the slower passage of 
time associated with their accelerating 
speed of recession, an effect that is ex­
plained by Albert Einstein's special 
theory of relativity [see "The Clock Para­
dox," by J. Bronowski, page 134J. 

I 
t now begins to be clear how the Dop-

pler shift might be employed to 
measure the rotation of a star. If the star 
could be resolved into a disk and if its 
axis of rotation also happened to be at a 
right angle to the line of sight, one edge 
of the disk would be moving toward 
the observer and the other edge would 
be moving away. Correspondingly the 
lines in the spectrum from the approach­
ing edge would be shifted toward the 
violet and those from the receding edge 
toward the red, whereas the spectrum 
from the center of the disk would show 
no Doppler shift because there the ro­
tational motion would be at a right angle 
to the line of sight. In the case of the 
single star that can be resolved as a 
disk-that is, the sun-such measure­
ments show the rotation at the equator 
to be at the rate of two kilometers per 
second. 

In the case of all stars other than the 
sun the pinpoint of light that reaches 
the earth comes from all parts of their 

surfaces at once. Yet the Doppler effect 
still makes it possible to detect rotating 
stars and to measure the speed of their 
rotation. It is true that the spectral lines 
from one edge, shifted toward the violet, 
and the lines from the other edge, shifted 
toward the red, as well as the lines from 
intermediate points, are all superim­
posed. If the star is rotating with suffi­
cient speed, however, the shift in both 
directions will widen the absorption 
lines [see upper illustmtion on pages 50 
and 51J. Moreover, the breadth of the 
lines furnishes an accurate measure of 
how fast the star is turning. The most 
rapidly rotating stars, for example, are 
turning at an equatorial rate of 550 kilo­
meters per second and the lines are 
about 15 angstroms wide. 

There remains one ambiguity in this 
method: the orientation of the axis of 
rotation of the star. When the line of 
sight is not at a right angle to the axis 
of rotation, no part of the star is ap­
proaching or receding at full equatorial 
rotational speed and the absorption lines 
are correspondingly narrower. In the ex­
treme case the line of sight is directly 
along the axis of rotation: one of the 
stellar poles points right at the observer. 
Then all the rotation is at a right angle 
to the line of sight and the absorption 
lines are as narrow as though the star 
were not turning, regardless of how fast 
it may really be doing so. Of course, if a 
star has very broad absorption lines, it 
is obviously rotating rapidly and its axis 
of rotation may be taken to lie roughly 
at a right angle to the line of sight. 

those from edge that is receding are shifted toward the red. Lines 

from all parts of stellar disk are superimposed in actual spectrum, 

resulting in broad absorption lines when star is spinning rapidly. 

Top spectrum indicates star is rotating at 20 kilometers per second. 

Lines in spectrum of second star indicate apparent speed of 75 

kilometers per second; of third star, 165 kilometers per second; of 

fourth, 300; and of fifth, 365. The spectra were made with 82.inch 

reflector at McDonald Observatory of the University of Texas. 
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SPECTRUM REVEALS DOUBLE STAR, although faint member of pair contrihutes no 

light. The four spectra were made at the McDonald Observatory by the author on four 

successive nights in June, 1959. The bright vertical lines above and below each spectrum are 

emission lines from an iron arc light projected into the spectrograph in order to calihrate 

the wavelengths in the stellar spectra. Shift in dark lines of the star's spectra indicate motion 

toward or away from the earth, which shows that the star, Zeta Lyrae A, is revolving around 

common center of gravity
' 
shared by the invisible star. Complete cycle takes about 4.3 days. 
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Statistics provides a way out of this 
ambiguity. It seems reasonable to sup­
pose that the axes of rotation of stars 
scattered over the sky are oriented in 
random directions, so that there should 
be as many stars with their poles pOint­
ing toward the earth as there are stars 
with axes pointing in any other given 
direction. For any large sample of stars, 
calculations can predict what fraction 
will be canted at any particular angle as 
seen from the earth. The astronomer can 
then adjust the apparent rotational 
velocities to allow for this effect. There­
fore, although there is residual doubt 
whether any particular star with nar­
row lines is rotating slowly or rapidly, it 
can be assumed that for a large number 
of roughly similar stars (same size, 
temperature and evolutionary stage) a 
known fraction of those with narrow 
lines are rotating rapidly but are seen 
nearly pole on. 

Rotational velocities have been de­
termined for several thousand stars, 
notably by Arne Slettebak of Ohio State 
University. A summary of his results for 
approximately 300 un evolved, or main­
sequence, stars, of which the sun is one, 
shows that in general the more massive 
the star is, the faster it rotates. (The data 
have been corrected for the effects of 
different angles of axis. ) The more mas­
sive stars on the average rotate at rough­
ly 20b kilometers per second [see illus­
tmtion 011 page 52]. 

C
ertain surface features can be de-

tected on stars rotating at almost the 
maximum speed, even though they are 
pinpoints in the telescope. Some of these 
stars are rotating at velocities of 550 
kilometers per second, which is the maxi­
mum possible. In such stars the centrif­
ugal force of rotation at their equators 
is greater than the centripetal force of 
gravity, with the result that they are 
actually losing materiaL Their spectra 
show bright emission lines that evi­
dently represent spirals of extremely hot 
gas spinning off from their equatorial 
regions. These stars must also be appre­
ciably flattened at their poles as a result 
of the rapid rotation, more so than the 
planet Jupiter. Such rapid rotation can 
also be detected even from the pole-on 
view, in which the absorption lines are 
narrow. A massive star turning at 500 
kilometers per second seen pole on ex­
hibits an unusual spectrum, indicating 
that the temperature at the equator is 
about 8,000 degrees Kelvin, whereas 
that at the pole is 24,000 degrees. The 
composite spectrum of the two regions 
thus reveals rapid rotation and an other-
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wise invisible surface feature: a polar 
"hot spot." 

Slettebak's diagram also shows that no 
star less massive than the sun rotates 
faster than 25 kilometers per second; 
every one of these smaller stars has very 
narrow absorption lines. This leads to 

LIGHT 

SOURCE 

COLLIMATING LENS 

an in teresting speculation. Although the 
sun turns at two kilometers per second, 
which means that it has little spin or 
angular momentum (the product of 
mass, radius and rotational velocity), it 
is accompanied by a set of planets that 
have little mass but a great deal of angu-

SLIT 

lar momentum by virtue of their large 
distances from the sun. It turns out that 
if the planets should fall into the sun, 
the sun would gain only .1 per cent 
more mass but would rotate 100 times 
faster! A rotational velocity of 200 kilo­
meters per second is typical of the more 

IBL 

VIOLET 

CONTINUOUS SPECTRUM is produced by light from tungsten 

filament. A collimator lens to make the light rays parallel, a slit to 

give a fine beam and a prism to break white light up into its compo· 

nent colors (wavelengths) are essential parts of the spectrograph. 

GLASS TUBE 

CONTAINING HYDROGEN 

ABSORPTION LINES appear in spectrum when light passes 

through a glass tube of hydrogen gas. The gas always absorbs at 

the wavelengths shown, or, when heated to incandescence, emits 

85� o� . 
�-�-.:;;t 

ANGSTROM UNITS 

visible light only at these wavelengths. In same way, atmosphere 

of a star absorbs light at the wavelengths characteristic of atoms and 

molecules in the atmosphere, making dark lines in stellar spectrum. 
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massive stars. Does this mean that stars 
of low mass all have planets? Not neces­
sarily; other conditions can cause low 
rotational velocities. 

This has been demonstrated by studies 
of star clusters. Slettebak obtained his 
data largely from field stars, which are 
distributed over the sky and do not, for 
the most part, belong to recognized clus­
ters. One of the earliest investigations of 
rotation in stars that belong to clusters 
was made of the Pleiades during the 
1930's by Otto Struve, who was then 
director of the Yerkes Observatory of the 
University of Chicago. He found that the 
15 brightest and most massive stars in 
thc Pleiades rotate significantly faster 
than field stars. Since then measurements 
of the speed of rotation of more than 100 
stars in four clusters have been made 
from spectrograms obtained with the 
82-inch reflecting telescope at the Mc­
Donald Observatory of the University of 
Texas. The clusters and associations, 
which are larger groupings sometimes 
containing several clusters, were the 
Pleiades, the group of stars around Alpha 
Persei, the I Lacerta association and the 
I Orion association, which includes most 
of the stars of the constellation Orion. In 
addition, Father Patrick J. Treanor of the 
Vatican Observatory has measured the 
rotational speed of stars in the Hyades 
and Praesepe clusters; Arthur J. Mead­
ows of the University of Illinois, in the 
Messier 39 cluster and the Ursa Major 
(Big Dipper) cluster; and D. H. McNa­

mara of North American Aviation, Inc., 
in the I Orion association [see illustration 
on page 52]. 

I
'
N

early every cluster has its own char­
acteristic association of rotational 

velocity with mass. For example, on the 
average the heaviest stars of the Pleiades 
rotate faster than field stars of the same 
mass, but the stars in the Pleiades of less 
than'four times the mass of. the sun rotate 
unusually slowly. On the other hand, the 
most massive stars in the Hyades and 
Praesepe clusters rotate rather slowly, 
and the lighter ones rotate more rapidly 
than similar field stars. 

These differences can be partly ex­
plained by the relative frequency of 
double, or binary, stars. Large telescopes 
reveal that quite a few nearby stars are 
actually two stars close together. An even 
greater number are "spectroscopic" 
binaries, in which only one point of light 
appears in the telescope but the spectra 
show Doppler shifts that vary with time 
[see illustration on- page 48]. Such a 
shift indicates that the star is moving in 
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an orbit, and an object in orbit moves 
around a center of gravity shared with 
some other object. Thus the spectrogram 
can detect a binary even when it is too 
far away to show up as two stars in the 
telescope. Roughly half the stars in the 
sky are either spectroscopic or visual 
binaries. 

Among the 15 brightest and most mas­
sive stars of the Pleiades, none is known 
to be double and all rotate with unusual­
ly high velocity. In contrast, half and 
probably more of the brightest and most 
massive stars in the I Orion and I Lacerta 
associations are definitely spectroscopic 
binaries, and all of them rotate with un­
usually low velocity. In general, it is 
evident that members of binaries rotate 
slowly and that single stars rotate 
rapidly. 

The explanation for this lies in the 
process in which stars originate. Stars 
form out of gaseous nebulae such as the 
Great Nebula in Orion, which is visible 
as the fuzzy central area in the "dagger" 
of the hunter Orion. At present the gas is 
turbulent, but gradually it will contract 
into stars, as the gas has in many other 
nebulae. The angular momentum of the 
turbulent gas cloud may be conserved in 
the resulting stellar cluster and show up 
in two principal forms: in the orbital mo­
tion in binary systems and in the rota­
tional spin of the stars. Where single 
stars form, all the angular momentum 
goes into rotation and the stars ro­
tate rapidly. If a binary forms, most of 
the angular momentum generally goes 
into the orbital motion of the two stars 
about their common center of gravity, 
with the residual momentum showing up 
in the low-speed rotation of the member 
stars. The over-all differences in the 
speed of rotation that distinguish the 
mem bers of clusters reflect the differ­
ences in the frequency with which bina­
ries have formed in that cluster. 

The two dips in Slettebak's diagram 
at 2.5 and 10 solar masses have given rise 
to some discussion. In view of the differ­
ences in the speed of rotation that char­
acterizes the members of clusters, how­
ever, these dips in the curve are not 
hard to explain. The curve is based on 
the 300 stars that are easily visible from 
the Northern Hemisphere without a 
telescope (brighter than fifth magni­
tude). Some belong to clusters or have 
drifted away from clusters. For instance, 
a quarter of the stars having a mass be­
tween 2 and 2.5 times greater than that 
of the sun are members of the Ursa 
Major stream: a collection of more than 
100 stars distributed over a large portion 

of the sky, the motions of which indicate 
that they are traveling together in space. 
The Ursa Major cluster is the nucleus 
of this stream and the association be­
tween rotational velocity and mass seems 
to be the same for the stream members 
and the cluster members. For these stars 
the speed of rotation decreases with in­
creasing mass rather than the reverse. 
Hence the admixture of an appreciable 
number of Ursa Major stars in the sample 
of field stars has distorted the field-star 

DIRECTION OF AXIS of rotation of a 

star inAuences width of spectral lines. If 

axis is at or near a right angle to line of 

r 

AXIS PARALLEL to line of sight gives nar· 

row spectral lines no matter how fast star 
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curve; if the Ursa Major stars are re­
moved from the sample, the dip disap­
pears. Similarly, the dip at 10 solar 
masses is probably due to stars from 
other clusters having unusual mass-rota­
tion characteristics. 

T
here remains for speculation the 
question of whether the stars of low 

mass that rotate slowly do so because 
they have planets. At present the ques­
tion is one for speculation only, because 

RED 

planets would be utterly invisible at the 
distances of even the nearest stars. 

By various stratagems students of 
stellar rotation have extracted from their 
data some idea of the internal structure 
of individual stars. In general, stars have 
exterior temperatures between 2,000 
and 100,000 degrees Kelvin; the temper­
atures increase toward their centers to a 
maximum of at least 10 million degrees. 
These high temperatures result from the 
high pressures produced by the inward 

pressure of the stellar mass, and the heat 
maintains the thermonuclear reactions 
that produce the energy given off by the 
stars. At most stellar temperatures all 
material is vaporized and many atoms, 
even in the outer parts, have lost elec­
trons. Thus a star is simply a large, 
roughly spherical ball of ionized gas. 
Since it contains no solids, it has no sur­
face in the ordinary sense of the term. 
The "surface" of the sun is the depth to 
which man's vision penetrates the gas; 

RED 

r 
APPROACHING EDGE 

I 
CENTER OF DISK 

I I 
RECEDING EDGE 

COMBINED SPECTRUM 

sight from earth, as here, width of absorption lines indicates speed 

of rotation. Lines from approaching edge are shifted toward violet; 

those from center of disk are not shifted; those from receding edge 

are shifted toward red. As seen from earth, all shifts of each line are 

superimposed on one another on the photographic plate, produc­

ing the broad lines shown in the bottom schematic spectrum. 

RED 

is really rotating. There is no rotation toward or away from the ob­

server to produce shifts in the absorption lines. As a result the 

RED 

�I 

I 
astronomer usually cannot determine whether any particular star 

with narrow spectral lines is actually rotating slowly or rapidly. 
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the gas outside is the stellar atmosphere. 
There is no reason why a star should 

rotate as a solid body, since it is entirely 
gaseous. The core, for example, may 
be able to rotate more rapidly than the 
outer layers. Strong interior magnetic 
fields would tend to hold the ionized gas 
in a rigid mass, but although some stars 
are known to have strong magnetic fields 
near their surfaces, it is not certain that 
their interior magnetic fields are strong 
enough to do so. 

Some slippage, or differential rotation, 
does occur in the SUIl. Sunspots at 
different latitudes can be seen to cross 
the disk at different speeds. Doppler 
shifts at various places on the solar disk 
show that the period of rotation 75 de­
grees north or south of the solar equator 
is 33.1 days, and at the equator it is only 
24.6 days. The high-latitude regions, 

o z o 

therefore, lag behind the e(luJ tor:al 
regions. These observations, however, 
refer only to the outer parts of the sun, 
where the gas is tenuous and differential 
rotation mav be unusually large. 

The SUIl is a somewhat small (in mass ) 
but otherwise normal example of all un­
evolved stars, on which Slettebak made 
his observations. In the case of these 
stars there is no explicit evidence that 
the stellar interior is rotating at a differ­
ent rate from that of the outer layers. 
Such stars have contracted fully from 
nebulae and are prodUCing energy by 
converting hydrogen into helium ill 
thermonuclear reactions. They wiil con­
tinue to maintain nearly the same size 
and surface temperature until their in­
teriors are depleted of hydrogen. The 
length of time this takes depends on the 
amount of hydrogen they contain and 

lhe rate at which it is being converted 
to helium. For the sun this evolutionary 
stage will take about 12 billion years, of 
which five billion have already passed. 
The most massive stars, in contrast, have 
the highest central pressures and tem­
peratures and are therefore converting 
hydrogen to helium at much more rapid 
rates. Even though they started with 100 
times more material than the sun, they 
are using it up a million times faster, 
which gives them only a ten-thousandth 
as long to go through the hydrogen-burn­
ing stage as the sun, or about a million 
years. Anv such stars now visible must 
be less than a million years old. 

Once the supply of hydrogen has been 
depleted the core of the star collapses, 
the central temperature quickly in­
creases and the star begins to convert 
helium to carbon. Meanwhile the outer 
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SPEED OF ROTATION of stars plotted against stellar mass shows 

that among unevolved, or main-sequence, field stars (colored 
curve) only those more massive than the sun have appreciable 
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speeds of rotation. The relation between velocity of rotation and 

stellar mass is quite different for many stars in clusters (black 
curves). The relative frequency of binaries may account for this. 
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parts of the star expand drastically. Dur­
ing this phase, and later ones, the dis­
tribution of density in the interior changes 
radically. The changes at each phase can 
be computed by employing the math­
ematics of thermodynamics, nuclear 
physics and astrophysics. 

During the expansion of an evolving 
star its total amount of angular momen­
tum cannot increase, and probably it 
remains constant. The total angular 
momentum is the product of the mass, 
distance from the axis of rotation and ro­
tational velocity of each part of the star, 
summed together. The mass stays con­
stant; therefore as the radius increases, 
the outside equatorial rotational velocity 
must decrease. If one assumes complete 
slippage between the interior and ex­
terior, each part of the star can be con­
sidered alone. In particular, if the star 
becomes 10 times larger in radius, its 
rotational velocity should become 10 
times smaller. At the other extreme, if 
the star is bound together by a strong 
magnetic field and so is caused to rotate 
as a solid body at each phase during its 
evolution, there will have to be a transfer 
of angular momentum within the star. 
The amount of transfer depends on the 
changes in the internal distribution of 
density. Detailed calculations indicate 
that stars of, say, five solar masses that 
increase 10 times in radius will rotate 
only five times slower. 

Many stars in the sky are currently 
expanding, having depleted their inter­
nal hydrogen. Of course they cannot ac­
tually be seen to grow, because most 
(although not all) evolutionary changes 
in stars occur slowly compared with llU­
man lifetimes. They can be recognized 
as expanding stars, however, because 
they are already much too large for their 
masses. Well-known giants or super­
giants of this type are Rigel and Betel­
geuse in Orion; Deneb, the brightest star 
in Cygnus; the brightest star (Alpha) in 
Perseus; and Arcturus, the brightest star 
in Bootes. 

T
oday the rotational velocities of these 
stars can be calculated from the width 

of their absorption lines and compared 
with the rotational velocities of stars of 
similar masses that have not yet started 
to expand. So far the results indicate that 
the giant stars do not rotate as solid 
bodies. These expanding stars have 
rapidly rotating cores and more slowl" 
rotating outer layers. Thus the observed 

rotation of stars reveals something about 
their internal structure, even though the 
stars themselves are visible as nothing 
more than pinpoints of light. 

GREAT NEBULA IN ORION is an example of a turbulent mass of gas condensing into 

stars. Angular momentum of cloud may be conserved in rotation and orbital motion of stars 

tbat condense out of it. Photograph was made with lOO·inch telescope on Mount Wilson. 

PRAESEPE CLUSTER in constellation Cancer is a group of stars that have condensed out 

of a single mass of gas. Conservation of original angular momentum of the
· 

gas cloud has 

given the rotation of the stars a mass·to-speed relation characteristic of the cluster. 
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TRAINING APPARATUS for planarian worms, which also ap· 

pears on the cover of this issue, consists of a plastic chamber con· 
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taining three wells connected by a Y·shaped tunnel. The wells can 
be illuminated individually with a light of variable intensity. 

© 1963 SCIENTIFIC AMERICAN, INC



PROTOPSYC HOLO GY 

The term is applied to subtle types of behavior recently observed 

in a prinlitive wornl. Heretofore such behavior had been associated 

only "rith animals standing much higher in the evolutionary scale 

I
t is generally accepted that the be­

havior exhibited by an animal, from 
the most primitive to the most ad­

vanced, arises from its brain. But how 
highly evolved a brain does it take to 
manifest those psychological attributes 
that we have come to associate with sen­
tient behavior, as opposed to "mindless" 
or "automatic" behavior? The main 
structures found in the brains of men 
and monkeys are present in all vertebrate 
brains. The basic plan of this brain may 
have been laid down as long as 400 
million years ago with the appearance 
of sharks in the Devonian period. Is this 
plan a prerequisite for anthropomorphic, 
or even "vertebramorphic," behavior? Is 
the hypothalamus necessary for hunger? 
Is the region of the midbrain known as 
the limbic system needed for fear and 
pleasure? Is the cerebral cortex required 
for pattern recognition and "complex" 
Ibehavior? 

When a group of us at the University 
of Chicago were considering such prob­
lems in 1954, it seemed to us that planar­
ian worms might provide clues to these 
related riddles. The fresh-water pla­
nm'ian is a primitive animal that has 
bilateral symmetry, a rudimentary cen­
tral nervous system and a distinct head 
end that exerts control over the rest of 
its body. A member of the phylum of 
flatworms, it has a blind-ended gut and 
no circulatory system. Planarians are the 
contemporary representatives of what 
must have been a very ancient form of 
,mimal, from which many higher forms 
of invertebrates and also the vertebrates 
presumably evolved. 

We were aware that fresh-water 
planarian worms can grow a new brain, 
if the original one is removed, and that 
they will accept tissue transplants from 
other planarians. It seemed to us that an 
animal with a brain that could be re­
generated and transplanted might lend 

by Jay Boyd Best 

itself-if it could also learn something­
to experiments not possible with higher 
animals such as rats. What, if anything, 
planarians could learn was not clear. 
This in itself was a question of some 
importance. 

�out 40 years ago, when many work­
L ers were studying the "conditioned 
reflexes" first described by the Russian 
physiologist 1. P. Pavlov, a number of 
conditioning experiments were per­
formed with planarians and other kinds 
of worms. These early investigators were 
largely unaware, however, of the un­
learned modifications in behavior, called 
pseudo-conditioning, that can be pro­
duced simply by barraging the nerv­
ous system of an animal with nonspecific 
stimuli. Many of their results were 
therefore difficult to interpret and not 
up to the standards of rigor currently 
demanded of studies of this sort. As the 
concepts of experimental psychology be­
came more sophisticated and its experi­
mentation more refined, attention was 
largely focused on such animals as 
pigeons, rats and monkeys. Between 
1956 and 1959 fewer than 3 per cent of 
all animal-behavior experiments were 
performed on invertebrates, although in­
vertebrates constitute 12 of the 13 ani­
mal phyla. 

Just prior to that period Robert 
Thompson and James V. McConnell, 
working at the University of Texas, per­
formed a classical conditioning experi­
ment with planarians that was better 
controlled than any up to that time. 
Classical conditioning experiments are 
learning experiments similar to those 
undertaken by Pavlov. In these experi­
ments some stimulus, such as food, acts 
as the "unconditioned stimulus." This 
is a stimulus that normally, and without 
training, evokes a response from the 
animal. For example, in a dog the normal 

response to food is salivation. Shortly be­
fore the unconditioned stimulus is pre­
sented, the animal is exposed to a "con­
ditioned stimulus," such as the sound of 
a buzzer. The conditioned stimulus nor­
mally produces no response, or a re­
sponse different from that evoked by the 
unconditioned stimulus. After a number 
of trials the conditioned stimulus evokes 
a response resembling that normally 
evoked by the unconditioned stimulus. 
Thus the dog will begin to salivate on 
hearing a buzzer that alerts him to the 
fact that food is coming. 

I n the Thompson and McConnell ex-
periment a conditioning trial consist­

ed of suddenly shining a strong light on 
a planarian. Several seconds after the 
light was turned on, the planarian re­
ceived a mild electric shock. The pla­
narian's normal response to the light 
alone was to stretch itself. When it re­
ceived the shock, it contracted or turned 
its head. After 100 or so conditioning 
trials, in which shock followed light, the 
normal response to the onset of light be­
came modified into a response resem­
bling that originally evoked by the shock. 

These conditioning trials were repeat­
ed until a certain training criterion was 
attained; for instance, a worm was con­
sidered trained when the modified re­
sponse was evoked in 23 out of 25 suc­
cessive trials. If a trained animal is not 
exposed periodically to the experimen­
tal conditions, it tends to forget what 
it has learned. If it can be retrained 
with fewer trials than were originally 
required to reach a certain criterion, 
however, one can assume that the ani­
mal has not completely forgotten what it 
once knew. The amount of retention, as 
measured by the reduction in training 
trials, is referred to as a savings. 

Later McConnell, Allan L. Jacobson 
and Daniel P. Kimble, working at the 
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PLANARIANS USED IN STUDIES reported in this article were 

of two principal species: DI/.gesia dorotocephela and CI/.ra fore-

mani. Dltge,ia is represented as it looks when moving (upper 

right) and when quiescent (I/.pper left). Citra is shown below. 

University of Michigan, carried the pla­
narian conditioning experiment one step 
further. Worms were trained to criterion, 
cut in two and the two halves were al­
lowed to regenerate. On retraining to 
criterion a savings was found in the 
worms derived from tail pieces as well as 
in those derived from head pieces. It ap­
peared from this that both the tail por­
tion and the head portion were capable 
of memory storage. 

How is this memory stored? It is 
known that genetic information is stored 

ORIGINAL. 
SPECIMEN 15 MINUTES 

in deoxyribonucleic acid (DNA). Con­
ceivably information about experienced 
events is stored in nerve cells in a closely 
related giant molecule: ribonucleic acid 
(RNA). This hypothesis is supported by 

recent experiments with rabbits, per­
formed by Holger Hyden of the Uni­
versity of Ciiteborg in Sweden [see 
"Satellite Cells in the Nervous System," 
by Holger Hyden; SCIENTIFIC AMERI­
CAN, December, 1961J. Following this 
lead William C. Corning, working in 
E. R. John's laboratory at the University 

2 DAYS 4 DAYS 

of Rochester, undertook the following 
experiment. Planarians were trained and 
cut in the same way as they had been in 
the Michigan experiment except that the 
pieces were allowed to regenerate in a 
solution of ribonuclease instead of thc 
usual spring water. Ribonuclease is an 
enzyme that specifically destroys RNA. 
On retraining the regenerated worms 
Corning found a savings for those de­
rived from head pieces but not for those 
from tail pieces. 

What do these interesting results 

6 DAYS 8 DAYS 

REGENERATION OF PLANARIANS takes place when a speci­

men is cut in half as well as when spontaneous fission occurs. The 

drawings show the stages of recovery after a specimen was cut in 

half. Tail section underwent spontaneous fission on seventh day. 
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mean? Failure of ribonuclease to obliter­
ate the memory of the head piece may 
mean that the memory storage in the 
head is not coded into RNA or, more like­
ly, that the large protein molecule of 
ribonuclease cannot get into the head to 
attack the RNA and attacks only the 
RNA of regenerated tissue. Since the 
head controls the worm, a worm whose 
head contained the memory would show 
savings. One whose head did not contain 
the memory-even though its tail did­
would not show savings. It does not seem 
likely that the ribonuclease specifically 
obliterates memory-containing RNA in 
the tail piece. Since RNA is known to 
be involved in protein synthesis, ribonu­
clease may nonspecifically disrupt an 
entire complex of processes involved 
in transmitting the memory from the tail 
to the regenerated head. In support of 
this idea is the observation by Corning 
and John that ribonuclease concentra­
tions only slightly higher than those em­
ployed in the basic experiment produced 
many deformities in the regenerated 
heads. \Veighing against the notion of 
nonspecific damage, however, is the fact 
that worms derived from ribonuclease­
treated tails could be retrained in ap­
proximately the same number of trials 
as the original worms. 

Meanwhile, back at the Michigan 

10 DAYS 14 DAYS 

Experiments show learned behavior is "re­

membered" by both head and tail sections. 

laboratory, a simple experiment was 
done that yielded an incredible result. 
McConnell, Jacobson and Barbara Hum­
phries trained planarians to criterion 
using the same classical conditioning 
procedure described above. The trained 
planarians were chopped into pieces and 
fed to a group of untrained planarians. A 
second group of untrained planarians 
was fed pieces of other untrained pla­
narians. The cannibals that had eaten 
the trained planarians yielded a higher 
proportion of conditioned responses than 
those that had eaten untrained ones! 

Does this perhaps mean that human 
cannibals were right in believing they 
would acquire the personality traits of 
some respected person if they ate him? 
Probably not. The planarian digestive 
tract, unlike the human, does not seem 
to carry out digestion by extracellular 
enzymes that break down the large mole­
cules of protein, nucleic acid and poly­
saccharide. Instead it contains amoeba­
like cells that engulf food particles by a 

process resembling the ingestion of a 
bacterium by a white blood cell. It is 
quite likely that in the planarian large 
molecular units, and perhaps whole cells, 
are taken up undegraded. 

Two other features of planarians point 
toward yet another possibility. First, 
planarians do not show the exacting im­
munological specificity found in humans 
or other mammals, since transplants of 
tissue from one planarian to another are 
readily accepted. Second, the cells in­
side the planarian seem to be rather 
loosely packed; this allows unspecialized 
cells to migrate the length of the worm. 
It is therefore not improbable that many 
cells of the eaten planarian, escaping 
detection because of their similarity to 
the cannibal's cells, infiltrate the canni­
bal and migrate to appropriate sites in 
its tissues. 

�l the experiments performed by the 
Michigan and Rochester groups rest 

on the classical conditioning regime of 
Thompson and McConnell. Is this learn­
ing in the conventional sense one ap­
plies to higher animals? Or is it, in spite 
of the controls, a complex trick of na­
ture like pseudo-conditioning or the 
speech of a parrot, which yields only a 
mimicry of intelligence? 

In 1958 Irvin Rubinstein and I, work­
ing at the Walter Reed Army Institute 
of Research in Washington and unaware 
of the Michigan experiments, set out 
to ascertain if planarians were capable 
of "instrumental" learning. Instrumental 
learning differs from classical condition­
ing in that the animal is trained to do 
something in order to get or avoid some-

thing. Thus whether the animal gets re­
inforced, by punishment or reward, de­
pends on its response. 

Maze learning, in which the animal is 
punished for making a wrong choice of 
alternative paths or rewarded for mak­
ing the correct choice, is an example of 
instrumental learning. Rubinstein and I 
wanted a situation that would eliminate 
the disturbing effect produced by han­
dling the worm between trials and pro­
vide unequivocal evidence of learning. 
To achieve these objectives we built a 
simple maze consisting of three identical 
cylindrical wells connected by a sym­
metrical Y-shaped tunnel. The entire 
maze was made from a block of clear 
acrylic plastic and was equipped with 
lights so that the wells could be illumi­
nated individually. Each well could be 
made to appear bright, dimly lighted or 
dark. The maze was filled with water and 
a worm was placed in it [see illustl'(ltion 
on next page J. 

For a training trial the water was 
withdrawn from the maze. Thereupon 
the worm would enter one of the wells 
and crawl into the Y-shaped tunnel look­
ing for water. When the worm was se­
curely in the tunnel, the well connecting 
to one fork of the Y directly ahead of 
the worm was brightly lighted and that 
connecting to the other fork was totally 
darkened. If the worm chose the lighted 
well, the maze was flooded with water. If 
it chose the darkened one, water was 
withheld and the lights were switched 
around so that it again had to make a 
choice between the branches leading to 
the darkened and the brightly lighted 
well. Following a correct choice, all the 
wells were switched to dim iIluminatio.n 
and the worm was allowed to remain in 
the water-filled maze undisturbed for 15 
minutes. It would then be put through 
another trial in the same way. 

To eliminate any systematic coinci­
dence of right-left choice between worm 
and experimenter, the well to be dark­
ened and the well to be illuminated in 
each trial were determined by lottery. 
Moreover, about half of the worms in the 
experiment were trained to go to dark­
ened rather than lighted wells. After 
10 to 15 trials the worm was put back 
into a finger bowl filled with spring 
water, which served as its home during 
the period of the experiment. It was put 
through a training session every two 
days. 

In the first session of trials the worms 
would pick the lighted well about as 
often as the darkened one. By the second 
session they would show a marked pref­
erence for the reinforced alternative. 
That is, the worms that received water 
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"INSTRUMENTAL" LEARNING takes place when a planadan 

is rewarded for doing something. In this case it is rewarded with 

water if it selects a lighted branch rather than a darkened one when 

it comes to a fork in a Y·shaped tunnel. The experimental apparatus 

is that shown in the photograph on page 54 and diagrammatically 

on the opposite page. At the outset (J) the entire maze contains 
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water. When the water is removed (2), the worm enters one well 

in search of another supply. As it enters the tunnel (3) all wells are 

dimly lighted. When the worm is securely in the tunnel (4), one 

well is brightly illuminated and the other darkened; the plana dan 

must choose one. If it chooses the lighted well (5), it is rewarded 

with water (6). Some worms are trained to go to darkened wells. 
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for choosing the lighted well chose the 
lighted well more often, and those that 
received water for choosing the darkened 
well chose the darkened well more often. 
Some of our worms continued to increase 
their preference for the rewarded alter­
native still further into the third session 
and a few still more in the fourth session. 
But an odd thing eventually happened 
with all of them. 

In the session following the one in 
which a worm showed its most marked 
preference for the rewarded alternative, 
it rejected the rewarded alternative and 
chose the other instead. This happened 
whether the worm had been trained to 
choose the lighted well or the darkened 
one. A session or two following the one 
in which the worm rejected the reward­
ed alternative it acted lethargic when 
placed in the maze and refused to play 
the game at all. 

Rubinstein and I were appalled at this 
complex turn of events in our seem­

ingly simple experiment. It was clear 
from the structure of the experiment that 
the switch in preference from the re­
warded to the unrewarded alternative 
was not mere forgetting; in that session 
the worms did worse than they would 
have on a random basis and worse than 
they had done in their first session, 
when they had had no previous training. 
The only way a worm could perform 
worse than randomly in this particular 
experiment was to know what the correct 
choice was and choose the opposite. 
But why would it do that? 

The lethargy too was bafIHng. If the 
incentive had been something to which 
the worms might have adapted, we 
would have seized on this explanation, 
but the worms cannot live for long with­
out water. At first we speculated that we 
had driven the worms to exhaustion. 
Then we noticed that most of the lethar­
gic worms exhibited normal activity in 
their home bowl both immediately be­
fore and immediately after the session in 
the maze during which they refused to 
perform. The lethargy thus seemed­
from its context, speed of onset and 
speed of recovery-to be a kind of psy­
chological state rather than exhaustion. 

Higher animals, particularly cats, fre­
quently exhibit behavior that appears to 
be "rebellious" or negativistic when one 
is attempting to train them to an avoid­
ance task. Some investigators have re­
ported instances in which cats would 
simply lie down on an electric grid and 
take a shock rather than try to avoid 
it. Increasing the shock intensity will 
not force some recalcitrants to perform 
and may ruin them as subjects for fu-

ture experiments. Because neither Ru­
binstein nor I had had any experience 
in avoidance conditioning of higher ani­
mals, and because there are few pub­
lished accounts of such perverse behav­
ior, we were unaware of its existence 
when we first encountered the lethargic 
state in planarians. Only later, when we 
were discussing our findings with work­
ers who were familiar with the psycho­
logical behavior of rats, cats and mon­
keys, did we become aware of this 
prevalent but poorly understood phe­
nomenon in higher animals. Most work-

ers agreed that it was usually evoked by 
overpunishment and that it represented 
some kind of emotional response toward 
the entire test situation. 

Aside from the trials themselves we 
could see nothing very punishing about 
our maze situation. We thought, how­
ever, that by linking some positive asso­
ciation such as feeding with the maze we 
might be able to offset whatever it was 
the worm found unpleasant about the 
situation. We put planarians that had 
fasted and had not been through any 
trials into water-filled maze wells that 

Y MAZE was designed with a rim so that the plateau above the wells could be flooded with 
water. This cured the planarians' "lethargy," described in the text. The maze is constructed 

from clear acrylic plastic, which allows the wells to be lighted individually from below. 
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LEARNING CURVE for planarians shows a baffling slump after a session of high perform. 

ance. The Y maze used in this experiment was similar to that shown on preceding page, ex· 

cept for the rim. In the rim maze, containing extra water, performance did not slump. 
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DAYS OF FASTING 

DELAY IN FEEDING indicates whether or not planarians remember an environment to 

which they have been exposed before. Hungry planarians placed in a familiar environment 

(gray bars) begin feeding sooner than planarians placed in an unfamiliar one (colored 

bars). Apparent diminution of appetite after long fasting is also seen in mammals. 
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contained a small piece of raw beef liver. 
Ordinarily a hungry planarian will eat 
beef liver without much hesitation; in 
the maze wells they would not eat at all. 
It occurred to us that their loss of appe­
tite might be due to some chemical 
property of the acrylic plastic of which 
the maze was built, but when planarians 
were placed in large trays made of the 
same plastic, they ate readily. 

At a loss for an explanation, I was 
glumly watching my cat trying to get 
into a closet past the closet door, which 
was slightly ajar. Only the day before, 
when I needed her out of the way brief­
ly, I had put her into the closet with a 
plate of food. Instead of quietly eating, 
she had thrown a terrible feline tantrum, 
ignoring the food, yowling and scratch­
ing the door. Yet this same closet, a 
dungeon yesterday when escape was 
blocked, now, with the door ajar, be­
came attractive. Why? 

I decided to present the planarians 
with a situation analogous to the cat 
and the closet. A small piece of liver 
was placed in the flooded maze well as 
before. The entire maze block was put 
into the home bowl of the planarian 
and the water level adjusted until it was 
just slightly higher than the top of the 
maze block. The planarian could now, 
remaining in water, pass between the 
well and its home bowl at its own dis­
cretion. The "open door" stratagem suc­
ceeded. Under these circumstances the 
planarians climbed into the well and ate. 

In higher animals such as cats and 
rats inhibition of the feeding response 
in a hungry animal is frequently used as 
a behavioral indicator of an emotional 
state akin to "anxiety." It is probably pre­
mature to refer to the cat-and-the-closet 
effect as claustrophobia, but it does'sug­
gest that confinement in the close quar­
ters of the maze well-and-tunnel system 
was unpleasant to planarians. Moreover, 
one can conceive how this particular 
form of behavior might be of value to 
planarians in their natural habitat. One 
species of planarian used in our investi­
gation lives in fresh-water streams. The 
other inhabits the bayous of southern 
Louisiana and the Mississippi delta 
country. Fresh-water streams become 
swollen and overflow their banks in times 
of heavy rainfall and may diminish to 
mere rivulets in dry weather. Bayous not 
only become flooded but also rise and 
fall with the tide. As either flood or tidal 
waters recede they leave small pools that 
may dry up and kill a planarian trapped 
in them. A small pool with an escape 
route to a larger pool is not so dangerous 
as a small pool with no such escape. 
Natural selection is apt to be hard on 
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animals that do not manifest the appro­
priate anxiety in the face of frequently 
encountered dangerous situations. 

With this in mind we built a maze of 
the same kind and dimensions as before 
but with a rim extending above the 
maze block. When filled with water, this 
produced a larger chamber into which 
the worm could crawl from the maze 
wells. A trial was the same as before ex­
cept that between trials the worm could 
now crawl out of the cramped quarters 
of the maze wells and use the more spa­
cious quarters provided by the upper 
chamber. The worms did in fact use the 
upper chamber nearly every time it was 
made available to them. The choice point 
and the geometry of the tunnels in which 
the decision was actually made were the 
same as before. 

In this rim maze the planarians never 
perversely rejected the choice (light or 
dark) that was rewarded with water, nor 
did they refuse to run through the tun­
nel. These results seemed consistent 
with the idea that the rejection of the 
reinforced choice and the lethargy were 
produced by unpleasant aspects of the 
over-all situation in the maze. 

C IGsely associated with this behavior 
pattern is one that seems to occur 

widely throughout the animal kingdom. 
A good example of such behavior is ex­
hibited by a single-celled, trumpet­
shaped aquatic animal, the stentor. The 
stentor ordinarily lives with the mouth­
piece of its trumpet anchored to a water 
plant or some other stable object. If it is 
disturbed by some stimulus such as a jet 
of water, the stentor will twist or bend 
on its anchor to avoid the jet. If, how­
ever, this is repeated a number of times, 
the stentor will detach its grip and seek 
a new location. In shifting to this new 
response the stentor is reacting to the 
entire sequence in which the irritating 
stimulus keeps recurring. 

When we reconsidered the planarian's 
behavior, we conjectured that perhaps 
it included a counterpart to the behav­
ioral program of the stentor: "If the situ­
ation continues to be unpleasant, try 
something different." We had found in 
our original maze experiments that, 
when only two choices are available to 
the planarian, it first responds at random, 
then it learns to respond correctly, then 
it responds incorrectly and finally it does 
not respond at all. We wondered what 
would happen if the planarian were 
given a situation allowing a greater range 
of response within the basic framework 
of the same learning situation. 

By way of a test a planarian was 
trained in the original Y maze to choose 

the lighted alternative whether it oc­
cUlTed on the right or on the left. When 
we reached the stage of the experiment 
at which the worm began to reject the 
lighted alternative, we switched it into 
a second Y maze. The second maze was 
identical with the first except that the 
walls of its wells were scored with a 

gridwork of scratches in the plastic; the 
well walls of the first maze were smooth. 
From this point on, in each day's ses­
sion, half of the trials were conducted 
in the smooth maze and half in the 
scratched maze. In the smooth maze the 
planarian now had to pick the darkened 
alternative, in the scratched maze the 
lighted alternative. Clearly this was a 
more complex situation than the one we 
had set up earlier. Only one out of every 
three worms tested in the dual-maze 
situation was able to learn it; this one, 
however, after having rejected the cor­
rect alternative in the initial single-maze 
stage, began to respond correctly in the 
dual-maze situation. Nor did it ever show 
the lethargy observed in all the worms 
tested in the single-maze task. 

'Vhen a higher animal is confronted 
with an experimental situation in which 
it must choose between alternative doors 
or alleyways, it tends at first to choose 
one without much hesitation. After a 
few trials in which it has been punished 
(or rewarded) for its choice, but be­
fore it has learned which choice to make, 
it behaves quite differently at the pOint 
of decision. It may now hesitate at the 
choice point, turning its head first to­
ward one door, then toward the other, 
looking as though it were trying to make 
up its mind which to take. Animal psy­
chologists refer to this as "vicarious trial­
and-error" behavior. 

We have seen planarians exhibit simi­
lar behavior under comparable circum­
stances. In the initial trials a planarian 
in the Y maze just chooses one of the 
tunnels. After 10 to 15 trials in which 
it has received water or had it withheld, 
depending on its choice, it will now 
hesitate at the choice point, turning its 
head first one way and then the other. 
Sometimes it seems unable to decide at 
all and may crawl back to the starting 
well and begin over again. Although 
there has been much speculation about 
the nerve mechanisms responsible for 
decision making, no one really knows 
what goes on in the head of a planarian 
or any other animal trying to make up 
its "mind" between alternative courses 
of action. What is striking, we think, is 
that vicarious trial-and-error behavior­
common enough in higher animals-has 
its counterpart in the primitive planarian 
worm. 

I shall give one more example in which 
planarian behavior parallels that found 
in much higher animals. When an ani­
mal such as a rat is offered food in 
a strange environment, it refuses to eat 
at first, even though it may be hungry. 
But if the environment is familiar, the 
animal will usually eat with little hesita­
tion, even though it has never received 
food there before. 

An animal's reluctance to eat in a 
strange environment provides a simple 
means of demonstrating whether or not 
the animal "recognizes" an environment 
to which it may have been previously 
exposed. Such recognition does not 
necessarily imply that the animal posses­
ses cognitive memory of the environ­
ment itself. Animals often leave a mark 
or spoor of some kind, which they detect 
on revisiting the locale. To demonstrate 
that an animal has cognitive memory, 
one must devise an experiment in which 
spoors play no role. If this is done, one 
can use feeding delay as behavioral evi­
dence of the strangeness of an environ­
ment. Without markers or memory all 
environments must be alien. 

Rubinstein and I devised the follow­
ing experiment to test the delayed feed­
ing effect on planarians. Worms that had 
fasted varying lengths of time were di­
vided into two groups. Members of one 
group were given a familiarization peri­
od in a small plastic receptacle. After 
they had been taken from the receptacle 
it was washed to remove any marker 
spoors they might have left. After an 
interval of 25 minutes the familiarized 
worms were returned to the receptacle 
and given a small piece of liver. The 
length of time until they began to eat 
was measured. Worms that had never 
been in the receptacle before were 
similarly tested. The familiarized worms 
ate sooner than the controls, indicating 
that planarians do show the delayed­
feeding effect [see bottom illustration 
on opposite page J. 

Does this feeding delav mean that 
planarians are exhibiting some sort 

of "anxiety" or "caution" in the strange 
environment, as this behavior is usually 
interpreted when it is observed in higher 
animals? The question is difficult to 
answer. One can, however, devise fur­
ther experiments to see if the feeding 
delay regularly appears in situations 
comparable to those that produce "anxie­
ty" in rats and humans. 

If the delay in feeding is a manifesta­
tion of a primitive anxiety pattern, one 
would expect an even longer delay in 
feeding for planarians in an environment 
that had proved to be dangerous in the 
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PRIMITIVE NERVOUS SYSTEM OF PLANARIAN is made 

visible by staining. The animal is undergoing fission. The dark, 

bat·shaped patch at the extreme right is the head ganglion, or brain. 

The two dark threads running the length of the animal are the 

ventral nerve cords. The cords continue through the cleavage 

region, showing that the head ganglion of the tail piece does 

not form until fission is complete. The photograph was made 

by Teiichi Betchaku of Wabash College in Crawfordsville, Ind. 

past. A preliminary study suggests that 
this is true. Planarians that had fasted 
were placed in a plastic receptacle and 
given brief electric shocks. Tested later 
in the same receptacle with a piece of 
liver and without being shocked, they 
delayed feeding much longer than those 
that had not been shocked. 

In doing studies of the sort described 
here one must be constantly on the watch 
for covert behavior patterns that could 
invalidate one's observations. For exam­
ple, I discovered (Iuite by accident that 
at least one species of planarian has a 
strong time sensc. Very late one night. 
I placed a planarian of the species 
Dugesia t igril1a in a bowl with several 
Gum foremal1i. The tigrina quickly at­
tacked the foremani. When I tried to 
repeat the experiment the next after­
noon, I found that the two species com­
pletely ignored each other. Subsequently 
I learned that the tigrina would attack 
the fOTemal1i only at night. Moreover, 
the behavior remained on a fixed daily 
schedule even whcn the two species 
were maintained under constant illumi­
nation for an extended period. 

�Iany questions are raised by these 
investigations. If one finds that 

planarian behavior resembles behavior 
that in higher animals one calls bore­
dom, interest, conflict, decision, frustra­
tion, rebellion, anxiety, learning and 
cognitive awareness, is it permissible to 
say that planarians also display these 
attributes? The question can only be 
answered ubliquely. All one knows of the 
"mind" of another organism is inferred 
frum its behavior and its similarity to 
one's own. To indicate that these be­
havioral programs of primitive animals 
may be precursors of the psychological 
patterns of rats and men, one perhaps 
should speak of protoboredom, proto­
interest, protorebellion and protoanxiety. 
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Planarian worms are very primitive. 
Their nervous system is so rudimentary 
that its nerve cells can scarcely be dis­
tinguished from the surrounding tissue. 
Completely absent is the intricate mesh­
work of nerve circuitry that is found in 
the vertebrate brain and that is consid­
ered nccessary for the behavior ordinar­
ily identified with higher psychologies. 
Suppose the apparent similarity between 
the protopsychological patterns of pla­
narians and the psychological patterns of 
rats and men turns out to be more than 
superficial. This would indicate that psy­
chological characteristics are more an­
cient and widespread than the neuro­
physiological structures from which they 
are thought to have arisen. Perhaps it is 
time tu recognize, in any case, that there 
is only limited evidence for the common 
belief that complex psychological be­
havior has its origin in the particular 
anatomy and physiology of the verte­
brate brain. A probable reason for this 
belief is that more investigations of ani­
mal behavior havc been conducted with 
birds and mammals. Quite possibly the 
world of lower animal life is a psycho­
logical wasteland only because it has not 
been studied. 

Another reason for this belief is that 
investigators have become accustomed 
to thinking that invertebrate behavior 
must be primitive and therefore have 
tended to look only far relatively simple 
responses to simple stimuli. For example, 
if one of the eyes of a honeybee is blind­
ed, the bee will travel in a circle. Sim­
ilarly, an intact bee will orient with re­
spect to an artificial light source. From 
such studies one might conclude that the 
bee is a simple automaton, the behavior 
of which is governed largely by asym­
metric stimulation to a pair of photo­
electric cells in its head. Yet the amazing 
work of Karl von Frisch of Austria has 
shown that bees possess a language for 

communicating precise navigational in­
formation [see "Dialects in the Languagc 
of the Bees," by Karl von Frisch; SCIEN­
TIFIC AMEJUCAN, August, 1962]. 

If the major psychological patterns 
are not unique to the vertebrate brain 
but can be produced even by such primi­
tive animals as planarians, two possi­
bilities suggest themselves. Such pat­
tcrns may stem from some primordial 
properties of living matter, arising from 
some cellular or subcellular level of or­
ganization rather than nerve circuitry. 
These protopsychological properties may 
in turn serve as the building blocks of 
vertebrate psychology in the way elec­
tronic computer subroutines enter as 
parts of a larger program. 

An alternative possibility is that the 
behavioral programs may have arisen 
independently in various species by a 
kind of convergent evolution. In other 
words, thc psychology of animals may 
evolve in response to compelling con­
siderations of optimal design in the same 
way that whales and other cetacean 
mammals have evolved a fishlike shape. 
Both possibilities seem likely and do not 
exclude each other. 

There are great difficulties in working 
with a truly alien species. Nearly any 
experiment in learning is simultaneously 
an experiment in perception; conversely, 
almost all experiments on the percep­
tion of another animal are done by teach­
ing it some kind of discrimination. When 
one does not know how an animal per­
ceives the world, it is difficult to know 
whether an animal's failure to learn a 
task set by the experimenter arises from 
incapacity or communication failure. 

We are encouraged to believe as a re­
sult of our experiments with planarians 
that the strange, little-explored domain 
of protopsychology will shed new light 
on the ultimate nature of the human 
brain. 

© 1963 SCIENTIFIC AMERICAN, INC



I�@@�lli reports on :1 
h o w  t o  look around i n  t h e  t u n nel . . •  n aked-eye colori m etry i n  paper chromatography • • •  

showi ng right from wrong 

Cosmic film from Fran(e 

The cobblestones seen in this electron 
micrograph are grains of silver halide 
sticking up out of a gelatin matrix. Very 
smart for extra-terrestrial use. Bear in 
mind the photographic conditions out 
there. 

During the earthbound childhood of 
our race, we have been saying "ultra­
violet" for radiation shorter in wave­
length than what our particular natural­
born sensing device happens to be tuned 
to. When at last we venture out from 
under the air blanket and note the am­
bience of the universe, we see what a 
special case is the life we have led. The 
color of the cosmos is not confined to 
an octave centered about the dominant 
hue of green cheese. 

Even as we sing out in exultation, 
however, we must remind ourselves that 
all matter is opaque below about 2000./\ 
and that the tunnel is long and dark all 
the way to x-rayland ; for everything 
animal, vegetable, mineral, or gaseous 
is prone to electron transitions . 

The light in your eyes, of course, goes 
out at around 3800"\, but any silver 
halide photographic material will get 
you down to 2500A. The next 500./\ is 
sticky : you spread a fluorescent oil  over 
the emuls ion to convert the energy to a 
wavelength long enough to penetrate 
the gelatin. Below 2000"\ this stratagem 
poops out because even the oil robs you. 
At this point many years ago a spectros­
copist named Victor Schumann had the 
bright idea of eroding gelatin away with 
H2S04 to uncover the halide crystals .  
This worked fine. Schumann plates also 

proved useful for registering the focused 
. ions in Aston's early mass spectrographs. 

About 1 5  years ago we improved on 
Schumann plates by a technique that 
left only enough gelatin to keep the 
grains apart, as seen at left. We call the 
product KODAK SWR Plates and still 
recommend it unless you need high sen­
sitivity so desperately that neither gran­
ularity nor price can stand in your way. 
In that event we can arrange to import 
for you some 1 80mm x 35mm strips of 
film from Kodak-Pathe. Our clever 
French cousins have developed a very 
tricky centrifugal coating technique that 
permits them to paste down much larger 
halide crystals than the SWR kind, re­
sulting in Ie film TYPE SC5 (environ 10 
lois la sensibilite du film S. w'R. vel's 
1200A). 

If $108 for 24 such strips is not out of scale 
with the magnitude of your thinking, get in 
touch on this matter with Eastman Kodak 
Company, Special Sensitized Products Divi­
sion, Rochester 4, N. Y. If you need nothing 
more special than a new free booklet entitled 
"Kodak Materials for Emission Spectrog­
raphy," same address still applies. 

Deli(ious (olors with sugars 
No colorimeters, no spectrophotometers 
are required to do paper chromatog­
raphy. A ruler is the only measuring 
instrument. Despite the unimposing 
contribution that paper chromatography 
can make to the size of one's capital 
budget, the technique grows ever more 
popular. Now a contemptible pittance­
a ridiculous $4.65-buys 25 grams of p­
Anisidine Hydrochloride (EASTMAN 8 6 1 5) 
and permits the purchaser to let on that 
he uses colorimetry (naked-eye type) in 
his paper chromatography. 

We were going to offer with our com­
pliments a color photograph of such a 
chromatogram as it looks when wet and 
fresh.  The thought to do so came after 
reading the account (J. Chem. Soc. ,  
1950, 1 702) of how p-anisidine hydro­
chloride turned up from a systematic 
hunt for a universal reagent that would 
yield a specific color with each particular 
class of sugar or methylated sugar. ] t 
said that aldohexoses give "green­
brown," ketohexoses "brill iant lemon 
yellow," methyl a1dopentoses "emerald 
green," uronic acids "cherry red"-all 
delicious colors like that. 

We have decided not to do it. We fear 
that our photography would be blamed 

if the colors in the photograph seemed 
drabber than the verbal designations. 
Remember that the paper chromatog­
raphers' eager pursuit of color in their 
working l ives leaves them more impres­
sionable in this respect than other people. 
Let them better order a little bottle of 
EASTMAN 861 5 and impress themselves 
privately. 

W e  a 1 s o h a v e  Aniline Hydrogen 
Phthalate (EASTMAN 8608), which is also 
well spoken of for the same general 
purpose. "Excellent colours" with the 
methylated sugars are mentioned, with 
detectability down to 1 -5 j1.g. 

We also have a new catalog, List No. 43, 
which tells about some 4,000 other EA ST­
MAN Organic Chemicals obtainable from 
Distillation Products industries, Rochester 3, 
N. Y. (Division of Eastman Kodak Company). 

Suggestion for teachers 
Overhead projectors are great. We don't 
make them. 

We do make VERTFAX Copiers . They 
are great, too. Lots of other companies 
also make copiers, but a VERIFAX Copier 
gives the best-quality single copy and the 
lowest-cost extra copies . 

The copies need not be on paper. 
They can now be made on VERIFAX 
Transparent Sheeting. The sheet has the 
proper surface for writing over the 
copied material in the overhead projec­
tor. Superfluous to belabor the possibil­
ities for convenience in showing the 
class text, tables, or complicated dia­
grams from all sorts of sources, includ­
ing the instructor's own den at home, 
where it is easier to think out and write 
out detailed material. 

We have another pedagogical sugges­
tion, which you may think good or bad. 
Take a paper turned in by a student in 
the class and copy it on VERIFAX Trans­
parent Sheeting, omitting his  name to 
avoid embarrassment or jealousy as the 
case may be. Project it  and mark it u J'l  
right then a n d  there on t h e  projector. 
Brings the difference between right and 
wrong close to home in a convincing 
manner. 

Eastman Kodak Company, Business Photo 
Methods Division, Rochester 4, N. Y. can 
place VERIFAX Transparent Sheeting ill 
your hands right away. if you don' t  even have 
a VERIFAX Copier, somebody ought to look 
it up under "Photocopy Machines" or "Du­
plicating Machines" in the Yellow Pages of 
the telephone directory. 

Prices subject to change without lIotice. 

This is another advertisement where Eastman Kodak Company probes at random for mutual 

interests and occasionally a little reve nue from those whose work has something to do with science 
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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 Elec tric Co., Lamp Me tals & 
C o m p o n e n t s  Dep t., SA-32, 21800 
Tungsten Road, Cleveland 17, Ohio. 
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Invulnerable and Immovable 

"

T
he positions of the nuclear pow­
ers seem immovable," said Ro­
berto Luiz Assump<;ao de Araujo, 

Brazilian delegate to the 17 -nation dis­
armament conference at Geneva, as the 
conference adjourned in December, still 
deadlocked on the issue of policing a ban 
on underground nuclear tests. "Cosmic 
irresponsibility" was the comment of 
Matthew T. Mbu, delegate from Nigeria. 
With the completion of the latest cycle 
of tests in the U. S. S.R., however, testing 
also went into recess. 

Meanwhilc the U.S. announced the 
installation of the 200th intercontinental 
ballistic missile in firing position on its 
home territory; the operational missile 
force now includes 126 Atlas and 54 
Titan liquid-fueled rockets and 20 solid­
fueled Minutemen. With most of these 
weapons installed in hardened under­
ground silos and with 10 nuclear-pow­
ered submarines at sea, each capable of 
bearing 16 intermediate-range missiles, 
the U.S. was in possession of a substan­
tial "invulnerabie" striking force. An ad­
ditional 54 Titans, 800 Minutemen and 
17 Polaris submarines are in production, 
and the Administration now appears dis­
posed to reduce the nation's commitment 
to other delivery systems. Already en­
gaged in an effort to stop further devel­
opment of the "last" U. S. intercontinen­
tal bomber-the B-70, RB-70 or RS-70 in 
its various incarnations-Secretary of De­
fense Robert S. McNamara called a halt 
to Sky bolt, an air-ta-ground missile de­
signed for launching from a bomber at 
a range of up to 1,000 miles. 

The Skybolt announcement brought 

SCIENCE AND 
immediate protest from the United King­
dom. By prior agreement the missile was 
supposed to be carried aboard Britain's 
supersonic Vulcan bomber and thus to 
serve as the delivery vehicle for that na­
tion's "independent deterrent." Follow­
ing a conference between President Ken­
nedy and Prime Minister MacMillan in 
Nassau, the Administration was urging 
Britain to join instead with other mem­
bers of the North Atlantic Treatv Organ­
ization in accepting a squadron of Po­
laris submarines for operation under 
Allied command. 

First News from Venus 

The rich stream of information from 
MarilJer II finally ended January 3, 

when radio contact with the 447-pound 
spacecraft was lost at a distance of 54 
million miles from the earth and 5.7 mil­
lion miles beyond Venus. Earlier, on 
December 14, Mariner II had attained 
its primary goal when it passed 21,594 
miles above the sunlit side of Venus after 
traveling 180.2 million miles in 109 days. 
Although the data on surface and atmos­
pheric temperatures collected when the 
craft scanned the planet for 42 minutes 
in its historic fly-by have not yet been 
fully analyzed, three significant findings 
have been reported. 

First, Mariner Irs magnetometer re­
ported no evidence of a Venusian mag­
netic field. The finding is consistent with 
radar observations indicating that Venus 
may rotate on its axis only once in about 
200 days. It is believed that the earth's 
magnetic field arises because the earth 
is rotating fairly rapidly, producing a 
dynamo-like action in its molten core. 
It is possible, however, that a weak mag­
netic field exists on Venus but tbat it 
was depressed below the altitude of 
Maril1er 11 by the pressure of the solar 
"wind" -electrically charged particles 
streaming {rom the sun. 

A second observation, consistent with 
the first, is that no magnetically trapped 
particles were detected 22,000 miles 
from Venus. At the same height above 
the earth Mariner l1's instruments would 
have counted several thousand particles 
per second. On the fly-by the count aver­
aged only one particle per second, the 
rate observed during most of the trip. 

A third set of observations permitted 
an extremely accurate computation of 
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THE CITIZEN 
the mass of Venus. The best previous 
estimate showed Venus to have .8148 
times the mass of the earth, with a prob­
able error of .05 per cent. As Mariner II 
approached Venus it was traveling about 
40,000 milcs per hour with respect to the 
earth. Venus increased the velocity some 
3,000 m.p.h., thereby providing the 
data for a new computation of Venus' 
gravitational field. The new detennina­
tion assigns Venus a mass .81485 times 
that of the earth, with a probable error 
of .015 per cent. 

Three other sets of observations made 
by Mariner II deal with characteristics 
of interplanetary space. One showed that 
the cosmic ray intenSity was approxi­
mately constant during the whole trip, 
as was expected. A second showed 
marked fluctuations in the solar wind, 
correlating in some cases with observed 
solar flares. Solar-wind particles were 
found to be a billion times more numer­
ous than cosmic ray particles. The latter, 
however, are individually far more ener­
getic. Finally, a radiation meter inside 
thc spacecraft showed that a total radia­
tion "dosc" of about three roentgens pen­
etratcd thc hull on the trip to Venus. 
This is roughly eflual to the dose provid­
ed at the surface of the earth by normal 
background radiation over a 30-year 
period. 

The National Aeronautics and Space 
Administration announced that Mariner 
1I was so successful it had canceled plans 
to repeat the Venus mission in 1964 in 
order to conccntrate on sending a space­
craft to Mars. 

Pregalactic Stars 

A study of the motions of dwarf stars 
. in the vicinity of the sun has pro­

vided an unexpectcd glimpse of condi­
tions during the formation of our galaxy 
some 10 billion years ago. Evidently the 
galaxy was then at least 10 times its 
present diameter and had not yet col­
lapsed into its prescnt Aat pinwbcel con­
figuration. Thc study, reported in The 
Astrophysical Journal, was made by Olin 
J. Eggen, D. Lynden-Bell and Allan H. 
Sandage of the Mount Wilson and Palo­
mar Observatories. 

To obtain information about the early 
state of the galaxy the Mount Wilson and 
Palomar workers computed the galactic 
orbits of 221 dwarf stars whose positions 

ENERGV 
Ionizing radiation-in precisely controlled 

energies and intensities. This is the new process energy available to Research 

and Industry today through the use of High Voltage Engineering particle 

accelerators. 

Today, particle accelerators are helping to achieve more efficient sterili-

zation for the medical supply industry ... are helping the electrical industry 

develop better insulating materials . .. are helping the chemical industry 

achieve better initiation of chemical reactions ... are helping the electronics 

industry tailor the properties of semi-conductors. 

Nuclear, space and metalworking industries are benefiting, too. High Voltage 

Engineering accelerators are producing the radiation environment necessary 

to test equipment and materials ... are opening up new techniques for con­

ducting wear and corrosion studies. 

Our engineers may be able to help you discover new ways to improve your 

product, your process - or maybe even your profit. We invite your inquiry. 

High Voltage Engineering Corporation, Ion Physics Corporation, Electronized 

Chemical Corporation, Burlington, Mass.; High Voltage Engineering (Europa) 

NV, Amersfoort, The Netherlands. 

HIGH VDL TAGE 
ENGINEERING 
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TMI BUILDS ITS SUCCESS 

by Solving 

YOUR 

Tubing Problems 

Successfully! 
It is as simple as that! With few 
exceptions for nearly a quarter of a 
century, the metalworking road 
to our door has been paved with our 
customers' important problems: 
pioneering metallurgical problems 
in high pressure, corrosion, flow, 
thermal, and unique wall 
specifications. 

V The solution of YOUR tubing 
problems (research, development 
or production) could very well be the 
next in the long line of TMI 
accomplishments. You ALWAYS 
get an understanding and able ear 
when you contact Tube Methods. 
And, being specialists, we are 
flexible enough to put emergency 
calls for quality tubing on a 
fast-delivery basis. We are ready 
to prove our quality and shipping 
promises. Write, Phone or make a 

personal visit. 

WE ARE SPECIALISTS 
In cold drawing stainless steel and special 

alloy small diameter tubing in sizes ,050" 

to 1.250" O. D. to your specifications of 

wall thicknesses and tolerances as close 

as ± ,0005" when applications require 

this highest degree of perfection. 

• 

I 

I 

have been observed to shift slightly 
against the background of other stars. 
Stars showing such a shift are said to 
exhibit proper motions. Because proper 
motions are often extremely small it was 
necessary to use observations dating 
back as much as 200 years. Over this 
period many of the stars in the group 
had shown an angular displacement of 
less than half a second of arc. This is 
less than 1/3,600th of the apparent 
diameter of the moon. 

Proper motions provided only part of 
the information needed to compute the 
galactic orbits of the 221 dwarf stars. 
Also needed were their distances and 
the velocities of their motion toward or 
away from the sun. Much of this last in­
formation has only recently been col­
lected with the 200-inch telescope on 
Palomar Mountain. 

The galactic orbits were found to fall 
into two broad groups. The slowest mov­
ing stars travel in approximately circu­
lar orbits around the center of the 
galaxy and in the plane of the galactic 
disk. The fastest moving dwarfs tend to 
have highly elliptical, or eccentric, or­
bits that swing close to the galactic cen­
ter and far out toward the edge of the 
disk. In addition, manv of the eccentric 
orbits sweep far abO\:e and below the 
plane of the disk. 

Dwarf stars were picked for the studv 
because they are believed to be the old­
est stars in the galaxy. Very old stars 
contain only traces of elements heavier 
than helium. According to present theo­
ries of stellar evolution, heavier ele­
ments are formed abundantly, in a brief 
time, during the catastrophic explosions 

of supernovae. The heavy elements are 
blown into space and are then incor­
porated, along with hydrogen, into new 
stars. When the dwarf stars were classi­
fied according to their content of heavy 
elements, it was found that those with 
the lowest content-the first-generation 
stars-had the most eccentric orbits. The 
second-generation dwarfs, with a higher 
content of heavy elements, had approxi­
mately circular orbits. 

The Mount 'Nilson and Palomar work­
ers conclude that the oldest dwarfs were 
formed while the galaxy was in its initial 
gravitational contraction from a larger 
protogalaxy. They have eccentric orbits 
because they were formed from gas fall­
ing generally toward the center of the 
galactic mass. The collapsing gas that 
did not become trapped in first-genera­
tion stars collided with other streams of 
gas, thereby losing its kinetic energy, 
and within the relatively brief time of 
about 100 million years had acquired a 
circular orbit in the galactic plane. Be­
cause the second generation of dwarf 
stars was formed after the collapse was 
completed and galactic rotation had be­
gun, their orbits are circular. 

Ribosomes at Work 

'I'he electron microscope has provided 
- a direct and remarkable view of 

cellular particles-ribosomes-in the act 
of synthesizing the protein hemoglobin. 
Ribosomes are tiny particles composed 
of protein and ribonucleic acid (RNA), 
which appear approximately spherical 
in electron micrographs. It had been 
thought that protein synthesis took 

MESSENGER RNA (ribonucleic acid) is thread at lower left joining ribosomal units 

(balls) of a disintegrated polysome. Electron micrograph magnificatIOn is 135,000 diameters. 
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Why so many computer users prefer the Control Data 1604/1604-A 
. . .  and five reasons why it will pay you to know! 

The Control Data 1604/1604-A Computer, demonstrated 

a leader in a competitive and demanding field, continues 

to prove its ability to scientists and engineers as the com­

puter to solve their problems, and to management as the 

computer to help maintain their profit. Here are the rea­

sons why! 

RELIABILITY-An unusual history of "uptime" that sets a 

high standard of performance. 

SERVICES-Programming Assistance • Programmer and 

Operator Training • Programming Systems Improve­

ment • Installation Check Out • Post Installation Assist­

ance • On-Site Customer Engineering. 

APPLICATIONS-Real-time, on-line data reduction/data 

acquisition, large-scale problem-solving, large-scale data 

processing, biomedical and institutional research, weather 

prediction, oceanography, petroleum reservoir analysis, 

and flight simulation. 

SOFTWARE-Pert, Cobol*, Codap, Co-op Monitor, Linear 

Programming, Algol *, Fortran 62, Fortran 63. * 

lOW COST-The Control Data 1604/1604-A is available to­

day at an amazingly low cost. With its proven performance, 

programming systems and services, the Control Data 

1604/1604-A offers the most computer for the least 

dollars spent. 

These are the main reasons why so many computer 

users prefer the Control Data 1604/1604-A. The names of 

these users are available to you. To learn more about how 

the 1604/1604-A can solve your computing problems now, 

contact the Control Data representative nearest you. 
*Available ill early /963 

Offices: Albuquerque • .Beverly Hills 
• Birmingham • Boston • Chicago 
• Cleveland. Dallas. Dayton. Denver 
• Detroit. Honolulu. Houston. lthaca 
• Kansas City. Minneapolis. Newark 

• No rfolk · Or l a n do . Pa l o  A l to 

• Phi l a de l p h i a  • S a n  Francisco 

• San Diego • Washington, D.C. 

CONTROL DATA 
. - - . - . . 

8100 34th AVENUE SO.' MINNEAPOLIS 20. MINN. 
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How to live from Paycheck to Paycheck 
(AND WONDER WHERE THE MONEY WENT) 

The most important part of family 

money management is not whether 

you barely make it from paycheck to 

paycheck but how you can keep your 

budget from collapsing when you have 

to make a major purchase. 

For example, suppose you need a 

new car or a larger house. Or suppose 

it's finally time to send the kids to col­

lege, or treat yourselves to a well-earned 

trip, or take advantage of a business 

opportunity. Can you swing it? 

Often the answer depends on whether 

you're established with the right kind of 

financial institution so you can borrow 

a large sum of money. And borrow it 

at rates you can afford. 

Where is the best place 
to borrow money? 

A Full Service commercial bank has two 

distinct advantages over other finan­

cial institutions. First, it is not confined 

to making just a few types of loans. 

A Full Service bank can make loans for 
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practically any legitimate purpose you 

can name. And, second, interest rates 

on loans at a Full Service bank are gen­

erally lower than you'll find elsewhere. 

This means that when you do business 

with a Full Service bank, you have one 
source for all your loans. A source 

that, more often than not, will save you 

dollars and cents in interest costs. 

Getting this kind of service from a 

Full Service commercial bank is a lot 

easier than you might think. All you do 

is follow this plan: 

1. Pick a Full Service bank near your 

home or work. (If it offers checking ac­

counts, savings accounts and all types 

of loans, it's a Full Service bank.) 

2. Make this bank your financial head­

quarters. Give it your checking ac­

counts, your savings accounts, and all 

the loans you may need. 

3. Get to know at least one of the 

bank's officers so that you know where 

you stand financially right now. A good 

way to do this is to fill out a Personal 

Financial Statement for his files. 

4. When you need some extra money, 

borrow it from the bank instead of tak­

ing it from your savings. This way, 

you'll keep your savings account in­

tact, and you'll also build a solid credit 

reputation with the bank. 

Soon, you'll find you have a priceless 

working relationship with the bank, a 

relationship you can count on when­

ever you need sound financial counsel 

and low interest loans to help you 

achieve your family's goals. 

Get to know your banker 
before you need him 

For the sake of your financial future, 

start doing business with a Full Service 

commercial bank now. 

�!* Your FuLL Service �BANKk 
p!(SERVlCE11\. Commercial Bank *�® 

COf'YRIGHT 1962/FOUNCATION FOR CO,..M[RCIAL BANKS/PHIL .... 1, p.o.. 
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place in, or on, a single ribosome. 
Micrographs made at the Massachusetts 
Institute of Technology by Jonathan R. 
Warner, Alexander Rich and Cecil E. 
Hall now show that several ribosome 
particles are linked together at the time 
of synthesis. The particles appear to be 
held together by a long-chain molecule 
that is probably "messenger" RNA. This 
is the species of RNA that carries the 
code for protein structure from the ge­
netic material, deoxyribonucleic acid 
(DNA), to the site of synthesis. 

The M.I.T. workers showed by using 
radioactive tracers that newly synthe­
sized hemoglobin is associated with the 
heavier of two ribosome fractions ob­
tained by ultracentrifugation. When the 
heavier fraction was examined in the 
electron microscope, it was found to con­
sist predominantly of clusters of five 
ribosomes. About 10 per cent of the 
clusters contain four ribosomes and an­
other 10 per cent six ribosomes. The 
clusters have been named polysomes. 

Although the first micrographs showed 
polysomes in clumps, further studies re­
vealed that they could be obtained in a 
linear alTay connected by a thread with 
the approximate dimensions of a mes­
senger RNA molecule [see illust'ration on 
page 66]. Writing in Science, the M.I.T. 
investigators propose that the ribosome 
attaches to the messenger RNA at one 
end and travels across to the other 
end. In the process the ribosome syn­
thesizes hemoglobin according to the 
code it reads off the RNA molecule. 
At any given time four, five or six 
ribosome particles are making their 
way along the messenger RNA chain. 
Prior to these observations there was 
no good hypothesis to explain how 
messenger RNA and the ribosome col­
laborate phYSically to produce protein. 

Older Man; Longer Pleistocene 

A controversy over the age of Zin-
ia'l1thl'Oplls, the Australopithecine 

hominid from Olduvai Gorge in East 
Africa, has ended with agreement that 
he and related early Australopithecine 
hominids from South Africa lived nearly 
two million years ago. The date not only 
stretches out the evolution of man but 
also promises to push back the begin­
ning of the Pleistocene, the geological 
epoch of the ice ages, to three million 
years ago. 

In 1961 L. S. B. Leakey, the British 
prehistorian who had found the bones of 
Zinianthl'O]Jus two years earlier, and J. F. 
Evernden and G. H. Curtis of the Uni­
versity of California estimated the age 
of Zinianthropus at 1.75 million years on 

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. 

Send liS samples of YOllr 
"impossible" jobs and let liS 
test them for YOli at no cost. 

WRITE FOR 
BULLETIN 6006. 

Complete information. 

S. S. WHITE INDUSTRIAL DIVISION 
Dept. SA • 10 East 40th St., New York 16, N. Y . • Telephone MU 3.3015 collect. 
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MODERN QUALITY-CONSCIOUS LABS are solving prob­
lems of corrosion and contamination the modern way-with chemically 
inert Nalgene® labware. Once they've used it they standardize on it. 
They recognize it as the line that matches the chemical purity of glass 
and adds the safety and economy of plastic. Nalgene graduates, for 
example, are uniformly molded to a degree of accuracy (well within 
National Bureau of Standards Class A specifications) never before 
attainable even with glass! And small wonder. Nalge has been at it for 
fifteen years, ceaselessly researching plastics and technology to raise 
the standards of plastic labware to those of your lab. You'll see the 
results in every one of the hundreds of items in this complete line-
from test tubes to pipet jars. See your : 
lab supply dealer or write for your copy L� NALGEN E 
of our Catalog L-962. Dept. 2526, The � LAB\I\IARE 
Nalge Co., Inc., Rochester 2, New York. leader in quality plastic labware since 1947 
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the basis of potassium-argon dating 
tests of volcanic rock from the stratum 
in which the bones were found. Their 
date was in conHict with accepted ideas 
on both human evolution and the dura­
tion of the Pleistocene. Man has tradi­
tionally been regarded as a child of the 
Pleistocene, and the Pleistocene (in­
cluding a preliminary period of cooling 
before the appearance of the first conti­
nental ice sheets) has been considered 
to have lasted about a million years. A 
sharp controversy ensued when G. H. R. 
von Koenigswald, an eminent Dutch 
authority on human evolution, reported 
altogether different results from potas­
sium-argon tests on other Olduvai speci­
mens carried out at the Max Planck 
Institute for Nuclear Physics in Hei­
delberg. The dispute grew to include 
the character of the fossil mammals at 
Olduvai and the over-all geological 
history of the gorge. 

The resolution came in a symposium 
on the dating of man and the Pleistocene 
at the December meeting of the Ameri­
can Association for the Advancement of 
Science in Philadelphia. Evernden and 
Curtis reported additional potassium­
argon studies clarifying and confirming 
the 1.75-million-year date. The latter 
was immediately accepted by partici­
pants in the symposium, including von 
Koenigswald. It was also agreed that the 
fossil mammals in the Zil1janthroplls 
stratum belong to a period called the 
Uppcr Villafranchian. Similar fossils 
have been found in association with the 
earliest South African Australopithecine 
hominids. Thus the South African homi­
nids also date back almost two miliion 
years. 

In addition, an earlier period krlOwn 
as the Lower Villafranchian has been 
regarded as the start of the Pleistocene. 
As noted separately by Evernden and 
Curtis, by von Koenigswald and by 
Cesare Emiliani of the University of 
Miami, a 1.75-million-year date for the 
Upper Villafranchian must move the 
Lower Villafranchian, and the start of 
the geological era that brought both ice 
and man, back to at least three million 
years ago and perhaps earlier. 

Living with the Bomb 

1-10w is it that Americans and other 
peoples living under the constant 

threat of annihilation in a thermonuclear 
war can go about their daily affairs ap­
parently undisturbed? They erect mental 
barriers and actively employ other psy­
chological mechanisms in order to avoid 
accepting the threat and the concomitant 
unmanageable anxieties, according to 
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MOST 
EPOXIES 
ARE 

W� RIGID 

Only an inventor with great will power could ignore the possi­
bilities of this new Dow development: a flexible epoxy resin! 
A pale, low-viscosity, low-odor epoxy for blending with other 
epoxies ... to impart impact resistance, elongation, flexibility. 

And that's only the beginning. We've got flame-retardant bro­
minated epoxies, and an extremely pure epoxy (viscosity 4,000 
-6,400 cps; color 1 max.) that is essentially the pure diglycidyl 
ether of bisphenol A without troublesome high polymer 
fractions. And epoxy novolacs with high (even for an epoxy) 
chemical resistance and temperature stability up to 500°F. 

All Dow epoxy resins have excellent adhesion and low shrink­
age during cure. Resistance to thermal and mechanical shock. 
Toughness. Chemical inertness. Moisture resistance. Out­
standing electrical properties. Another feature common to 
all: dependable quality control. That's because we make all 
the ingredients that go into our epoxies (even most of the 
ingredients that go into the ingredients). 

You have the problems ... we have the epoxies. Why not see 
if one can help in your development work? Samples available. 
Write us. The Dow Chemical Company, Midland, Michigan. 
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Collectadata: how to collect 
data without collecting mistakes 

Data collection, the laborious busi­
ness of "keeping track," is vital to 
efficient plant operation. The ideal 
way to collect data is to use a sys­
tem whereby the men recording data 
virtually cannot make mistakes. 
Add speed to accuracy and you have 
the perfect data collection system. 

Such a system is now available from 
Friden. It's the new Model 30 Col­
lectadata System: a series of trans­
mitting units connected to a central 
recei ver. Workers dial reports in­
stead of writing them. 

The Model 30 Collectadata has the 
most elaborate in-machine and oper­
ator checks of any data collection 
system you can name. Each dial is 
checked; the worker's identification 
is checked; and the input card itself 
is checked. Only if all thre e have 
been used properly, can the message 
go through. 

The Collectadata Model 30 gives 

totally accurate data-automatically. 
Anoth er new fe ature: The system 
can be changed from collecting data 
to taking attendance. Men can check 
in or out on the new Friden Badge 
Reader almost as fast as they can 
walk by the machine. Further, the 
controls are tamper-proof. 

By many standards, this is the most 
advanced, most reliable data collec­
tion system available. Get the full 
story by calling your local Friden 
Systems man. Or write: Friden, Inc., 
San Leandro, California. 

THIS IS PRACTlMA TlON: prac­
tical a u tomation by Fride n-for 
business and industry. 

Friden 
Sales, Service and Instruction Throughout the U. S. and World 

participants in a symposium on reactions 
to nuclear threat, held at the December 
meeting of the American Association for 
the Advancement of Science in Phila­
delphia. 

Lester Grinspoon, psychiatrist at the 
Harvard Medical School, cited the reluc­
tance to contemplate one's own inevi­
table death or to acknowledge the pres­
ence of a fatal disease as typical exam­
ples of denial, one of the most primitive 
and most important mechanisms by 
which people reject unacceptable facts. 
Other mechanisms include isolation, in 
which they speak of death of self, of 
loved ones and of millions of others 
as an abstraction; displacement or the 
transfer of the anxieties from the threat 
of nuclear war to some other objcct, as 
in the hyperpatriot's concern about "the 
enemy"; rationalization, typically ex­
pressed as "No one's going to be mad 
enough to start an H-bomb war" or "It 
will be God's will"; intellectualization, 
the mechanism employed particularly by 
those involved in preparing for war and 
also those involved in peace research. 
Such mechanisms are being widely used 
in the U.S. today, Grinspoon said, cit­
ing a recent national survey on reasons 
for unhappiness, in which only 4 per 
cent of the respondents mentioned world 
tension and the possibility of war. 

Stephen B. Withey, psychologist at 
the University of Michigan, indicated 
that the population, under the threat of 
nuclear war, has been exhibiting the 
first of a series of responses observed in 
people caught in natural disasters. In 
the early stages there is a tendency to dis­
believe a warning, to distort later infor­
mation, then to accept the thrcat but 
underrate its seriousness. A basic prob­
lem of chronic exposure to the hazard 
of nuclear war is that the threat does not 
stay steady and adjustment to it must 
vary accordingly. 

At least one group of people in the 
world does accept the threat of thermo­
nuclear war and live with the anxieties: 
the 90,000 Hiroshima residents who 
survived thc first atomic bomb. Accord­
ing to Robert J. Lifton, Yale University 
psychiatrist who recently spent several 
months in Hiroshima interviewing sur­
vivors, they have lived with death and 
the threat of death for so long that it is 
an obsession. Their fear of a nuclear war 
is intense. Although they are function­
ing, productive members of society, 
they are troubled by many other prob­
lems, among them feelings of guilt and 
futility because they have concluded 
that their terrible experience has no 
meaning for anyone else, that the world 
has learned nothing from it. 
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SHIFT MILITARY FORCES AND 

COMPUTERS WHEN THERE'S AN ALERT! 
Finding ways to keep indispensable communications­
and logistics data-flowing in the event of a national 
alert is a continual challenge we meet at General Tele­
phone & Electronics. 

Faced with an alert, it is possible to move mobile 
digital computers to remote or distant locations on a 
moment's notice. As a result, a commander can have 
at his disposal instant information on logistics, tactical 
and strategic data, command and control operations­
even civil defense data-wherever a computer is needed. 
Unlike fixed plant computers, mobile computers are 
easily transportable by air, sea, rail, and over the road. 

Vitally important is the fact that with such comput­
ers COBOL (Common Business Oriented Language) 
can be provided. These small, reliable but large-scale 
computers are completely compatible with fixed plant 
data processing. And because of their design, the power 
source goes right along with them. What's more, there's 
no need for special allowances for temperature and hu­
midity. Our subsidiary, Sylvania, is a leading supplier 
of large-scale mobile digital computers, and several are 
in service throughout the world. 

Progress in making available essential data anywhere 
is one of the many ways the scientists and engineers 
of General Telephone & Electronics corporate fam­
ily serve the nation. The vast communications and 
electronics capabilities of GT &E, directed through Syl­
vania 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 defense elec­

tronics meet at Sylvania Electronic Systems, Division 

of Sylvania Electric Products Inc., 40 Sylvan Road. 

Waltham 54, MassachuseHs. 

GENERAl TElEPHONE 
&EfECmONICS 

Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 
Including Automatic Electric • General Telephone & Electronics 

International • General Telephone & Electronics Laboratories 

Lenkurt Electric' Sylvan ia Electric Products 
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"EVIDENCE" FOR CATASTROPHISM was adduced by the 

French naturalist Baron Georges Cuvier from his study of the 

Paris basin. He and Alexandre BrOrigniart published this diagram 
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in 1822. Cuvier believed that the abrupt changes in the strata 

bespoke the occurrence of cataclysms. Although his observations 

were accurate, his conclusions are no longer generally accepted. 
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CRISES IN THE HISTORY OF LIFE 

Ho,v is it that \vhole groups of animals have simultaneously died out? 

Paleontologists are returning to an earlier answer: natural catastrophe. 

The catastrophes they visualize, however, are not sudden but gradual 

T
he stream of life on earth has been 
continuous since it originated some 
three or four billion years ago. Yet 

the fossil record of past life is not a 
simple chronology of uniformly evolving 
organisms. The record is prevailingly 
one of erratic, often abrupt changes in 
environment, varying rates of evolution, 
extermination and repopulation. Dis­
similar biotas replace one another in a 
kind of relay. Mass extinction, rapid mi­
gration and consequent disruption of 
biological equilibrium on both a local 
and a world-wide scale have accompa­
nied continual environmental changes. 

The main books and chapters of earth 
history-the eras, periods and epochs­
were dominated for tens or even hun­
dreds of millions of years by character­
istic groups of animals and plants. Then, 
after ages of orderly evolution and bio­
logical success, many of the groups sud­
denly died out. The cause of these mass 
extinctions is still very much in doubt 
and constitutes a major problem of evo­
lutionary history. 

The striking episodes of disappear­
ance and replacement of successive 
biotas in the layered fossil record were 
termed revolutions by Baron Georges 
Cuvier, the great French naturalist of the 
late 18th and early 19th centuries. Not­
ing that these episodes generally corre­
spond to unconformities, that is, gaps in 
the strata due to erosion, Cuvier attrib­
uted them to sudden and violent catastro­
phes. This view grew out of his study of 
the secluence of strata in the region of 
Paris. The historic diagram on the oppo­
site page was drawn by Cuvier nearly 
150 years ago. It represents a simple 
alternation of fossil-bearing rocks of 
marine and nonmarine origin, with many 
erosional breaks and marked interrup­
tions in the sequence of fossils. 

The objection to Cuvier's catastro-

by Norman D. Newell 

phism is not merely that he ascribed 
events in earth history to cataclysms; 
many normal geological processes are at 
times cataclysmic. The objection is that 
he dismissed known processes and ap­
pealed to fantasy to explain natural 
phenomena. He believed that "the march 
of nature is changed and not one of her 
present agents could have sufficed to 
have effected her ancient works." This 
hypothesis, like so many others about 
extinction, is not amenable to scientific 
test and is hence of limited value. In 
fairness to Cuvier, however, one must 
recall that in his day it was widely be­
lieved that the earth was only a few 
thousand years old. Cuvier correctly per­
ceived that normal geological processes 
could not have produced the earth as we 
know it in such a short time. 

Now that we have learned that the 
earth is at least five or six billion years 
old, the necessity for invoking Cuverian 
catastrophes to explain geological history 
would seem to have disappeared. Never­
theless, a few writers such as Immanuel 
Velikovsky, the author of Worlds in 
Collision, and Charles H. Hapgood, the 
author of The Earth's Shifting C1'Ust, 
continue to propose imaginary catastro­
phes on the basis of little or no historical 
evidence. Although it is well established 
that the earth's crust has shifted and that 
climates have changed, these changes 
almost certainly were more gradual than 
Hapgood suggests. Most geologists, fol­
lowing the "uniformitarian" point of 
view expounded in the 18th century by 
James Hutton and in the 19th by Charles 
Lyell, are satisfied that observable natu­
ral processes are quite adequate to ex­
plain the history of tl1e earth. They 
agree, however, that these processes 
must have varied greatly in rate. 

Charles Darwin, siding with Hutton 
and Lyell, also rejected catastrophism as 

an explanation for the abrupt changes in 
the fossil record. He attributed such 
changes to migrations of living organ­
isms, to alterations of the local environ­
ment during the deposition of strata and 
to unconformities caused by erosion. 
Other important factors that are now 
given more attention than they were in 
Darwin's day are the mass extinction of 
organisms, acceleration of the rate of 
evolution and the thinning of strata due 
to extremely slow deposition. 

The Record of Mass Extinctions 

If we may judge from the fossil record, 
eventual extinction seems to be the lot 
of all organisms. Roughly 2,500 families 
of animals with an average longevity of 
somewhat less than 75 million years 
have left a fossil record. Of these, about 
a third are still living. Although a few 
families became extinct by evolving into 
new families, a majority dropped oilt of 
sight without descendants. 

In spite of the high incidence of ex­
tinction, there has been a persistent gain 
in the diversity of living forms: new 
forms have appeared more rapidly than 
old forms have died out. Evidently or­
ganisms have discovered an increasing 
number of ecological niches to fill, and 
by modifying the environment they 
have produced ecological systems of 
great complexity, thereby making avail­
able still more niches. In fact, as I shall 
develop later, the interdependence of 
living organisms, involving complex 
chains of food supply, may provide an 
important key to the understanding of 
how relatively small changes in the en­
vironment could have triggered mass 
extinctions. 

The fossil record of animals tells more 
about extinction than the fossil record 
of plants does. It has long been known 
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GALLERY OF HARDY ANIMALS contains living representatives 

of 11 groups that have weathered repeated crises in evolutionary 

history. Four of the groups can be traced back to the Cambrian 

period: the mollusk Neopilina (a) ,  the horseshoe crab (b) , the 

78 
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Venus's·flower·basket, Eupleetella (e) and the brachiopod Lin· 

gula (d). One animal represents a group that goes back to the 

Ordovician period: the ostracode Bairdia (e). Two arose in the 

Devonian period: the shark (I) and the mussel (g). Tbe cockroach 
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(h) goes back to the Pennsylvanian period. 

Two arose in the late Triassic: the turtle 

(i) and the crocodile (j). The opossum 

(k) appeared during the Cretaceous period. 

that the major floral changes have not 
coincided with the major faunal ones. 
Each of the three successive principal 
land floras-the ferns and mosses, the 
gymnosperms and angiosperms-were 
ushered in by a short episode of rapid 
evolution followed by a long period of 
stability. The illustration on page 8 1  
shows that once a major group o f  plants 
became established it continued for mil­
lions of years. Many groups of higher 
plants are seemingly immortal. Since 
green plants are the primary producers 
in the over-all ecosystem and animals 
are the consumers, it can hardly be 
doubted that the great developments in 
the plant kingdom affected animal evo­
lution, but the history of this relation is 
not yet understood. 

Successive episodes of mass extinction 
among animals-particularly the marine 
invertebrates, which are among the most 
abundant fossils-provide world-wide 
stratigraphic reference points that the 
paleontologist calls datums. Many of 
the datums have come to be adopted as 
boundaries of tbe main divisions of geo­
logic time, but there remains some un­
certainty whether tbe epochs of extinc­
tion constitute moments in geologic time 
or intervals of significant duration. In 
other words, did extinction occur over 
hundreds, thousands or millions of 
years? The question has been answered 
in many ways, but it still remains an 
outstanding problem. 

A good example of mass extinction is 
provided by the abrupt disappearance of 
nearly two-thirds of the existing families 
of trilobites at the close of the Cambrian 
period. Before the mass extinction of 
these marine arthropods, which are dis­
tantly related to modern crustaceans, 
there were some 60 families of them. 
The abrupt disappearance of so many 
major groups of trilobites at one time has 
served as a convenient marker for de­
fining the upper, or most recent, limit of 
the Cambrian period [see illustration on 
page 82]. 

Similar episodes of extinction char­
acterize the history of every major group 
and most minor groups of animals that 
have left a good fossil record. It is strik­
ing that times of widespread extinction 
generally affected many quite unrelated 
groups in separate habitats. The paral­
lelism of extinction between some of the 
aquatic and terrestrial groups is particu­
larly remarkable [see illtlstration on 
page 84]. 

One cannot doubt that there were 
critical times in the history of animals. 
Widespread extinctions and consequent 
revolutionary changes in the course of 

animal life occurred roughly at the end 
of the Cambrian, Ordovician, Devonian, 
Permian, Triassic and Cretaceous peri­
ods. Hundreds of minor episodes of ex­
tinction occurred on a more limited scale 
at the level of species and genera 
throughout geologic time, but here we 
shall restrict our attention to a few of 
the more outstanding mass extinctions. 

At or near the close of the Permian 
period nearly half of the known families 
of animals throughout the world disap­
peared. The German paleontologist Otto 
Schindewolf notes that 24 orders and 
superfamilies also dropped out at tbis 
point. At no other time in history, save 
possibly the close of the Cambrian, has 
the animal world been so decimated. 
Recovery to something like the normal 
variety was not achieved until late in the 
Triassic period, 15 or 20 million years 
later. 

Extinctions were taking place through­
out Permian time and a number of 
major groups dropped out well before 
the end of tbe period, but many more 
survived to go out together, climaxing 
one of the greatest of all episodes of mass 
extinction affecting both land and ma­
rine animals. It was in the sea, however, 
that the decimation of animals was par­
ticularly dramatic. One great group of 
animals that disappeared at this time 
was the fusulinids, complex protozoans 
that ranged from microscopic sizes to 
two or three inches in length. They had 
populated the shallow seas of the world 
for 80 million years; their shells, piling 
up on the ocean floor, had formed vast 
deposits of limestone. The spiny produc­
tid brachiopods, likewise plentiful in the 
late Paleozoic seas, also vanished with­
out descendants. These and many other 
groups dropped suddenly from a state 
of dominance to one of oblivion. 

By the close of the Permian period 
75 per cent of amphibian families and 
more than 80 per cent of the reptile 
families had also disappeared. The main 
suborders of these animals nonetheless 
survived the Permian to carry over into 
the Triassic. 

The mass extinction on land and sea 
at the close of the Triassic period was 
almost equally significant. Primitive rep­
tiles and amphibians that had dominated 
the land dropped out and were replaced 
by the early dinosaurs that had appeared 
and become widespread before the close 
of the period. It is tempting to conclude 
that competition with the more success­
ful dinosaurs was an important factor in 
the disappearance of these early land 
animals, but what bearing could this 
have had on the equally impressive and 
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DISTINCTIVE FEATURES 

Modern man 

Early man; northern glaciation 

Large carnivores 

First abundant grazing mammals 

Large running mammals 

Many modern types of mammals 

First placental mammals 

First flowering plants; climax 
of dinosaurs and ammonites, 
followed by extinction 

First birds, first mammals; 
dinosaurs and ammonites 

abundant 

First dinosaurs. Abundant 
cycads and conifers 

Extinction of many kinds of marine 
animals, including trilobites. 
GlaCiation at low latitudes 

Great coal forests, conifers, 
First reptiles 

Sharks and amphibians abundant. 
Large and numerous scale trees 
and seed ferns 

First amphibians and ammonites; 
fishes abundant 

First terrestrial plants and animals 

First fishes; Invertebrates dominant 

First abundant record of marine 

life; trilobites dominant, followed by 
extinction of aboui two·thirds 
of trilobite families 

Fossils extremely rare, consisting 
of primitive aquatic plants, 
EVidence of glaCiation. Oldest 
dated algae, over 2,600 million years, 

GEOLOGICAL AGES can be dated by comparing relative amounts 

of radioactive elements remaining in samples of rock obtained 

from different stratigraphic levels. The expanding curve at the 
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right indicates how the number of major families of foss:l ani· 

mals increased through geologic time. The sharp decline after the 

Permian reAects the most dramatic of several mass extinctions. 

© 1963 SCIENTIFIC AMERICAN, INC



simultaneous decline in the sea of the 
ammonite mollusks? Late in the Triassic 
there were still 25 families of widely 
ranging ammonites. All but one became 
extinct at the end of the period and that 
one gave rise to the scores of families of 
Jurassic and Cretaceous time. 

The late Cretaceous extinctions elim­
inated about a quarter of all the known 
families of animals, but as usual the 
plants were little affected. The begin­
ning of a decline in several groups is 
discernible near the middle of the period, 
some 30 million years before the mass 
extinction at the close of the Cretaceous. 
The significant point is that many char­
acteristic groups-dinosaurs, marine rep­
tiles, flying reptiles, ammonites, bottom­
dwelling aquatic mollusks and certain 
kinds of extinct marine plankton-were 
represented by several world-wide fami­
lies until the close of the period. Schinde­
wolf has cited 16 superfamilies and or­
ders that now became extinct. Many 
world-wide genera of invertebrates and 
most of the known species of the young­
est Cretaceous period drop out near or 
at the boundary between the Cretaceous 
and the overlying Paleocene rocks. On 
the other hand, many families of bottom­
dwelling sea organisms, fishes and nau­
tiloid cephalopods survived with only 
minor evolutionary modifications. This is 
also true of primitive mammals, turtles, 
crocodiles and most of the plants of 
the time. 

In general the groups that survived 
each of the great episodes of mass ex­
tinction were conservative in their evo­
lution. As a result they were probably 
able to withstand greater changes in 
environment than could those groups 
that disappeared, thus conforming to the 
well-known principle of "survival of the 
unspecialized," recognized by Darwin. 
But there were many exceptions and it 
does not follow that the groups that 
disappeared became extinct simply be­
cause they were highly specialized. 
Many were no more specialized than 
some groups that survived. 

The Cretaceous period was remark­
able for a uniform and world-wide dis­
tribution of many hundreds of distinc­
tive groups of animals and plants, which 
was probably a direct result of low-lying 
lands, widespread seas, surprisingly 
uniform climate and an abundance of 
migration routes. Just at the top of the 
Cretaceous sequence the characteristic 
fauna is abruptly replaced by another, 
which is distinguished not so much by 
radically new kinds of animals as by the 
elimination of innumerable major groups 
that had characterized the late Cre-

taceous. The geological record is some­
what obscure at the close of the Creta­
ceous, but most investigators agree that 
there was a widespread break in sedi­
mentation, indicating a brief but general 
withdrawal of shallow seas from the area 
of the continents. 

Extinctions in the Human Epoch 

At the close of the Tertiary period, 
which immediately preceded the Qua­
ternary in which we live, new land con­
nections were formed between North 
America and neighboring continents. 
The horse and camel, which had evolved 
in North America through Tertiary time, 
quickly crossed into Siberia and spread 
throughout Eurasia and Africa. Crossing 
the newly formed Isthmus of Panama at 
about the same time, many North Ameri­
can animals entered South America. From 
Asia the mammoth, bison, bear and 
large deer entered North America, while 
from the south came ground sloths and 
other mammals that had originated and 
evolved in South America. Widespread 
migration and concurrent episodes of 
mass extinction appear to mark the close 
of the Pliocene (some two or three mil­
lion years ago ) and the middle of the 
Pleistocene in both North America and 
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Eurasia. Another mass extinction, partic­
ularly notable in North America, oc­
CUlTed at the very close of the last 
extensive glaciation, but this time it ap­
parently was not outstandingly marked 
by intercontinental migrations. Surpris­
ingly, none of the extinctions coincided 
with glacial advances. 

It is characteristic of the fossil record 
that immigrant faunas tend to replace 
the old native faunas. In some cases 
newly arrived or newly evolved families 
replaced old families quite rapidly, in 
less than a few million years. In other 
cases the replacement has been a pro­
tracted process, spreading over tens of 
millions or even hundreds of millions of 
years. We cannot, of coursc., know the 
exact nature of competition between by­
gone groups, but when they occupied 
the same habitat and were broadly over­
lapping in their ecological requirements, 
it can be assumed that they were in 
fact competitors for essential resources. 
The selective advantage of one com­
peting stock over another may be so 
slight that a vast amount of time is re­
quired to decide the outcome. 

At the time of the maximum extent 
of the continental glaciers some 11,000 
years ago the ice-free land areas of the 
Northern Hemisphere supported a rich 

HISTORY OF LAND PLANTS shows the spectacular rise of angiosperms in the last 13S 
million years. The bands are roughly proportional to the number of genera of plants in 

each group. Angiosperms are flowering plants, a group that includes all the common trees 

(except conifers), grasses and vegetables. Lower vascular plants include club mosses, quill· 

worts and horsetails. The most familiar gymnosperms (naked·seed plants) are the conifers, 

or evergreens. The diagram is based on one prepared by Erling Dorf of Princeton University. 
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and varied fauna of large mammals 
comparable to that which now occupies 
Africa south of the Sahara. Many of the 
species of bears, horses, elks, beavers 
and elephants were larger than any of 
their relatives living today. As recently 
as 8,000 years ago the horse, elephant 
and camel families roamed all the con­
tinents but Australia and Antarctica. 
Since that time these and many other 
families have retreated into small regions 
confined to one or two continents. 

In North America a few species 
dropped out at the height of the last 
glaciation, but the tempo of extinction 
stepped up rapidly between about 
12,000 and 6,000 years ago, with a max­
imum rate around 8,000 years ago, when 
the climate had become milder and the 
glaciers were shrinking [see illustmtion 
on page 88]. A comparable, but possi­
bly more gradual, loss of large mammals 
occurred at about the same time in Asia 
and Australia, but not in Africa. Many 
of the large herbivores and carnivores 
had been virtually world-wide through 
a great range in climate, only to become 
extinct within a few hundred years. 
Other organisms were generally unaf­
fected by this episode of extinction. 
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On the basis of a limited series of 
radiocarbon dates Paul S. Martin of the 
University of Arizona has concluded 
that now extinct large mammals of 
North America began to disappear first 
in Alaska and Mexico, followed bv those 
in the Great Plains. Somewhat q�estion­
able datings suggest that the last sur­
Vivors may have lived in Florida only 
2,000 to 4,000 years ago. Quite recentlv, 
therefore, roughly three-quarters of the 
North American herbivores disappeared, 
and most of the ecological niches that 
were vacated have not been filled by 
other species. 

Glaciation evidently was not a signif­
icant agent in these extinctions. In the 
first place, they were concentrated dur­
ing the final melting and retreat of the 
continental glaciers after the entire biota 
had successfully weathered a number of 
glacial and interglacial cycles. Second, 
the glacial climate certainly did not 
reach low latitudes, except in mountain­
ous areas, and it is probable that the cli­
mate over large parts of the tropics was 
not very different from that of today. 

Studies of fossil pollen and spores in 
many parts of the world show that the 
melting of the continental glaciers was 

accompanied by a change from a rainy 
climate to a somewhat drier one with 
higher mean temperatures. As a result 
of these changes forests in many parts 
of the world retreated and were replaced 
by deserts and steppes. The changes, 
however, probably were not universal 
or severe enough to result in the elimina­
tion of any major habitat. 

A number of investigators have pro­
posed that the large mammals may have 
been hunted out of existence by prehis­
toric man, who may have used fire as 
a weapon. They point out that the mass 
extinctions coincided with the rapid 
growth of agriculture. Before this stage 
in human history a decrease in game 
supply would have been matched by a 
decrease in human populations, since 
man could not have destroyed a major 
food source without destroying himself. 

In Africa and Eurasia, where man had 
lived in association with game animals 
throughout the Pleistocene, extinctions 
were not so conspicuously concentrated 
in the last part of the epoch. There was 
ample opportunity in the Old World for 
animals to become adapted to man 
through hundreds of thousands of years 
of coexistence. In the Americas and 

MASS EXTINCTION OF TRILOBITES, prImItIve arthropods, 

occurred at the close of the Cambrian period about 500 million 

years ago. During the Cambrian period hundreds of kinds of tri­

lobites populated the sballow seas of the world. The chart depicts 

IS superfamilies of Cambrian trilobites; the width of the shapes 

is roughly proportional to the number of members in each super­

family. Final extinction took place in the Permian. The chart is 

based on the work of H. B. Whittington of Harvard University_ 
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Australia, where man was a comparative 
newcomer, the animals may have proved 
easy prey for the hunter. 

We shall probably never know exactly 
what happened to the large mammals of 
the late Pleistocene, but their demise did 
coincide closely with the expansion of 
ancient man and with an abrupt change 
from a cool and moist to a warm and dry 
climate over much of the world. Possibly 
both of these factors contributed to this 
episode of mass extinction. We can only 
guess. 

The Modern Crisis 

Geological history cannot be observed 
but must be deduced from studies of 
stratigraphic sequences of rocks and fos­
sils interpreted in the context of proc­
esses now operating on earth. It is help­
ful, therefore, to analyze some recent 
extinctions to find clues to the general 
causes of extinction. 

vVe are now witnessing the disastrous 
effects on organic nature of the explosive 
spread of the human species and the 
concurrent development of an efficient 
technology of destruction. The human 
demand for space increases, hunting 
techniques are improved, new poisons 
are used and remote areas that had long 
served as havens for wildlife are now 
easily penetrated by hunter, fisherman, 
lumberman and farmer. 

Studies of recent mammal extinctions 
show that man has been either directly 
or indirectly responsible for the disap­
pearance, or near disappearance, of more 
than 450 species of animals. Without 
man's intervention there would have 
been few, if any, extinctions of birds or 
mammals within the past 2,000 years. 
The heaviest toll has been taken in the 
West Indies and the islands of the Pacific 
and Indian oceans, where about 70 spe­
cies of birds have become extinct in the 
past few hundred years. On the conti­
nents the birds have fared somewhat 
better. In the same period five species of 
birds have disappeared from North 
America, three from Australia and one 
from Asia. Conservationists fear, how­
ever, that more North American birds 
will become extinct in the next 50 years 
than have in the past 5,000 years. 

The savannas of Africa were remark­
able until recently for a wealth of large 
mammals comparable only to the rich 
Tertiary and Pleistocene faunas of North 
America. In South Africa stock farming, 
road building, the fencing of grazing 
lands and indiscriminate hunting had 
wiped out the wild populations of large 
grazing mammals by the beginning of 
the 20th century. The depletion of ani-

_-_-� ___ - _________________ ��_,-�---e------

PALEONTOLOGICAL BOUNDARIES are clearly visible in this photograph of the Grand 

Canyon. The diagram below identifies the stratigraphic boundary between the Cambrian 

and Ordovician periods (solid line) and the top of the Permian rocks (broken line). 

These are world·wide paleontological division points, easily identified by marine fossils. 
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RECOR D OF ANIMAL EXTINCTIONS makes it quite clear 

that the history of animals has been punctuated by repeated crises. 

The top panel of curves plots the ups and downs of 11 groups of 

animals from Cambrian times to tbe present. Massive extinctions 

took place at the close of the Ordovician, Devonian and Permian 

periods. The second panel shows the history of five other groups 
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[or] 
r I 

for which the evidence is less complete. (Curves are extrapolated 

between dots.) The next to bottom curve depicts the sum of extinc· 

tions for all the fossil groups plotted above (plus bivalves and 

caenogastropods). The bottom curve sbows tbe per cent of new 

families in the main fossil groups. It indicates that periods of extinc­

tion were usually followed by an upsurge in evolutionary activity_ 
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mals has now spread to Equatorial Africa 
as a result of poaching in and around the 
game reserves and the practice of eradi­
cating game as a method of controlling 
human and animal epidemics. Within 
the past two decades it has become pos­
sible to travel for hundreds of miles 
across African grasslands without seeing 
any of the large mammals for which the 
continent is noted. To make matters 
worse, the great reserves that were set 
aside for the preservation of African 
wildlife are now threatened by political 
upheavals. 

As a factor in extinction, man's pred­
atory habits are supplemented by his 
destruction of habitats. Deforestation, 
cultivation, land drainage, water pollu­
tion, wholesale use of insecticides, the 
building of roads and fences-all are 
causing fragmentation and reduction in 
range of wild populations with resulting 
loss of environmental and genetic re­
sources. These changes eventually are 
fatal to populations just able to maintain 
themselves under normal conditions. A 
few species have been able to take ad­
vantage of the new environments cre­
ated by man, but for the most part the 
changes have been damaging. 

Reduction of geographic range is prej­
udicial to a species in somewhat the 
same way as overpopulation. It places an 
increasing demand on diminishing en­
vironmental resources. Furthermore, the 
gene pool suffers loss of variability by 
reduction in the number of local breed­
ing groups. These are deleterious chang­
es, which can be disastrous to species 
that have narrow tolerances for one or 
more environmental factors. No organ­
ism is stronger than the weakest link in 
its ecological chain. 

Man's direct attack on the organic 
world is reinforced by a host of com­
peting and pathogenic organisms that he 
intentionally or unwittingly introduces to 
relatively defenseless native communi­
ties. Charles S. Elton of the University 
of Oxford has documented scores of ex­
amples of the catastrophic effects on 
established communities of man-spon­
sored invasions by pathogenic and other 
organisms. The scale of these ecological 
disturbances is world-wide; indeed, 
there are few unmodified faunas and 
floras now surviving. 

The ill-advised introduction of preda­
tors such as foxes, cats, dogs, mongooses 
and rats into island communities has 
been particularly disastrous; many ex­
tinctions can be traced directly to this 
cause. Grazing and browsing domestic 
animals have destroyed or modified 
vegetation patterns. The introduction of 

European mammals into Australia has 
been a primary factor in the rapid dec­
imation of the native marsupials, which 
cannot compete successfully with pla­
cental mammals. 

An illustration of invasion by a path­
ogenic organism is provided by an epi­

.demic that in half a century has nearly 
wiped out the American sweet chestnut 
tree. The fungus infection responsible 
for this tragedy was accidentally intro-

duced from China on nursery plants. The 
European chestnut, also susceptible to 
the fungus, is now suffering rapid de­
cline, but the Chinese chestnut, which 
evolved in association with the blight, 
is comparatively immune. 

Another example is provided by the 
marine eelgrass Zostera, which gives 
food and shelter to a host of inverte­
brates and fishes and forms a protective 
blanket over muddy bottoms. It is the 
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ECOLOGICAL REPLACEMENT appears to be a characteristic feature of evolution. The 

top diagram shows the breadth of family representation among four main groups of mam· 

mals over the last 60·odd million years. The bottom diagram shows a similar waxing and 

waning among four groups of marine swimmers, dating back to the earliest fossil records. 

The ammonoid group suffered near extinction twice before finally expiring. The diagrams 

are based on the work of George Gaylord Simpson of Harvard University and the author. 
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DISPERSAL OF CAMEL FAMILY from its ongm (X) took place during Pleistocene 

times. Area in light color shows the maximum distribution of tbe family; dark color shows 

present distribution. This map is based on one in Life: An Introduction to Biology, by 

Simpson, C. S. Pittendrigh and L. H. Tiffany, published by Harcourt, Brace and Company. 
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DISTRIBUTION OF ASIATIC LION has contracted dramatically just since 1800, when 

it roamed over large areas (shown in color) of the Middle East, Pakistan and India. Today 

the Asiatic lion is found wild only in Gir, a small game preserve in western India. 
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most characteristic member of a distinc­
tive community that includes many plant 
and animal species. In the 1930's the 
eelgrass was attacked by a virus and was 
almost wiped out along the Atlantic 
shores of North America and Europe. 
Many animals and plants not directly 
attacked nevertheless disappeared for a 
time and the community was greatly 
altered. Resistant strains of Zostera 
fortunately escaped destruction and 
have slowly repopulated much of the 
former area. Eelgrass is a key member 
of a complex ecological community, and 
one can see that if it had not survivcd, 
many dependent organisms would have 
been placed in jeopardy and some might 
have been destroyed. 

This cursory glance at recent extinc­
tions indicates that excessive predation, 
destruction of habitat and invasion of 
established communities by man and his 
domestic animals have been primary 
causes of extinctions within historical 
time. The resulting disturbances of com­
munity equilibrium and shock waves of 
readjustment have produced ecological 
explosions with far-reaching effects. 

The Causes of Mass Extinctions 

It is now generally understood that 
organisms must be adapted to their en­
vironment in order to survive. As envi­
ronmental changes gradually pass the lim­
its of tolerance of a species, that species 
must evolve to cope with the new condi­
tions or it will die. This is established by 
experiment and observation. Extinction, 
therefore, is not simply a result of en­
vironmental change but is also a conse­
quence of failure of the evolutionary 
process to keep pace with changing con­
ditions in the physical and biological 
environment. Extinction is an evolution­
ary as well as an ecological problem. 

There has been much speculation 
about the causes of mass extinction; 
hypotheses have ranged from world­
wide cataclysms to some kind of exhaus­
tion of the germ plasm-a sort of evo­
lutionary fatigue. Geology does not 
provide support for the postulated 
cataclysms and biology has failed to 
discover any compelling evidence that 
evolution is an effect of biological drive, 
or that extinction is a result of its failure. 
Hypotheses of extinction based on sup­
posed racial old age or overspecializa­
tion, so popular among paleontologists 
a few generations ago and still echoed 
occasionally, have been generally aban­
doned for lack of evidence. 

Of the many hypotheses advanced to 
explain mass extinctions,

. 
most are un-
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satisfactory because they lack testable 
corollaries and are designed to explain 
only one episode of extinction. For ex­
ample, the extinction of the dinosaurs 
at the end of the Cretaceous period has 
been attributed to a great increase in 
atmospheric oxygen and alternatively to 
the explosive evolution of pathogenic 
fungi, both thought to be by-products 
of the dramatic spread of the flowering 
plants during late Cretaceous time. 

The possibility that pathogenic fungi 
may have helped to destroy the dino­
saUl S was a recent suggestion of my own. 
I was aware, of course, that it would not 
be a very useful sugg2stion unless a way 
could be found to test it. I was also 
aware that disease is one of the most 
popular hypotheses for explaining mass 
extinctions. Unfortunately for such 
hypotheses, pathogenic organisms nor­
mally attack only one species or at most 
a few related species. This has been in­
terpreted as an indication of a long ante­
cedent history of coadaptation during 
which parasite and host have become 
mutually adjusted. According to this 
theory parasites that produce pathologi­
cal reactions are not well adapted to the 
host. On first contact the pathogenic 
organism might destroy large numbers 
of the host species; it is even possible 
that extinction of a species might follow 
a pandemic, but there is no record that 
this has happened in historical times to 
any numerous and cosmopolitan group 
of species. 

It is well to keep in mind that living 
populations studied by biologists gen­
erally are large, successful groups in 
which the normal range of variation pro­
vides tolerance for all the usual exigen­
cies, and some unusual ones. It is for this 
reason that thc eelgrass was not extin­
guished by the epidemic of the 1930's 
and that the human race was not elimi­
nated by the influenza pandemic follow­
ing World War I. Althuugh a sllccession 
of closely spaced disasters of various 
kinds might have brought about extinc­
tion, the particular virus strains respon­
sible for these diseases did not directly 
attack associated species. 

Another suggestion, more ingenious 
than most, is that mass extinctions were 
caused by bursts of high-energy radia­
tion from a nearby supernova. Presum­
ably the radiation could have had a 
dramatic impact on living organisms 
without altering the climate in a way 
that would show up in the geological 
record. This hypothesis, however, fails 
to account for the patterns of extinction 
actually observed. It would appear that 
radiation would affect terrestrial organ-
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isms more than aquatic organisms, yet 
there were times when most of the ex­
tinctions were in the sea. Land plants, 
which would be more exposed to the 
radiation and are more sensitive to it, 
were little affected bv the changes that 
led to the animal extinctions at the close 
of the Permian and Cretaceous periods. 

Another imaginative suggestion has · 
been made recently bv M. J .  Salmi of the 
Geological Survey of Finland and Pres­
ton E. Cloud, Jr.,  of the University of 
Minnesota. They have pOinted out that 
excess-ive amounts or deficiencies of cer­
tain metallic trace elements, such as 
copper and cobalt, are deleterious to 
organisms and may have caused past ex­
tinctions. This interesting hypothesis, as 
applied to marine organisms, depends on 
the questionable assumption that de­
ficiencies of these substances have oc­
curred in the ocean, or that a lethal con­
centration of metallic ions might have 
diffused throughout the oceans of the 
world more rapidly than the substances 
could be concentrated and removed 
from circulation by organisms and vari­
ous common chemical sequestering 
agents. To account for the disappearance 
of land animals it is necessary to postu­
late further that the harmful elements 
were broadcast in quantity widely over 
the earth, perhaps as a result of a great 
volcanic eruption. This is not inconceiv­
able; there have probably been signifi­
cant variations of trace elements in time 
and place. But it seems unlikely that 
such variations sufficed to produce world­
wide biological effects. 

Perhaps the most popular of all hy­
potheses to explain mass extinctions is 
that they resulted from sharp changes 
in climate. There is no question that 
large-scale climatic changes have taken 
place many times in the past. During 
much of geologic time shallow seas 
covered large areas of the continents; 
climates were consequently milder and 
less differentiated than they are now. 
There were also several brief episodes 
of continental glaciation at low latitudes, 
but it appears that mass extinctions did 
not coincide with ice ages. 

It is noteworthy that fossil plants, 

ICE-AGE MAMMALS provided North 

America wlth a fauna of large herbivores 

comparable to that existing in certain parts 

of Africa today. Most of them survived a 

series of glacial periods only to become 

extinct about 8,000 years ago, when the 

last glaciers were shrinking. The chart is 

based on a study by Jim J. Hester of 

the Museum of New Mexico in Santa Fe. 
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which are good indicators of past cli­
matic conditions, do not reveal cata­
strophic changes in climate at the close 
of the Permian, Triassic and Cretaceous 
periods, or at other times coincident with 
mass extinctions in the animal kingdom. 
On theoretical grounds it seems improb­
able that any major climatic zone of the 
past has disappeared from the earth. For 0 

example, climates not unlike those of the 
Cretaceous period probably have existed 
continuously at low latitudes until the 
present time. On the other hand, it is 
certain that there have been great 
changes in distribution of climatic zones. 
Severe shrinkage of a given climatic 
belt might adversely affect many of the 
contained species. Climatic changes al­
most certainly have contributed to ani­
mal extinctions by destruction of local 
habitats and by inducing wholesale 
migrations, but the times of greatest ex­
tinction commonly do not clearly cor­
respond to timcs of great climatic stress. 

Finally, we must consider the evi­
dence that so greatly impressed Cuvier 
and many geologists. They were struck 
by the frequent association between the 
last occurrence of extinct animals and 
unconformities, or erosional breaks, in 
the geological record. Cuvier himself be­
lieved that the unconformities and the 
mass extinctions went hand in hand, 
that both were products of geologic 
revolutions, such as might be caused by 
paroxysms of mountain building. The 
idea still influences some modern thought 
on the subject. 

It is evident that mountains do strong­
ly influence the environment. They can 
alter the climate, soils, water supply and 
vegetation over adjacent areas, but it is 
doubtful that the mountains of past 
ages played dominant roles in the 
evolutionary history of marine and low­
land organisms, which constitute most 
of the fossil record. Most damaging to the 
hypothesis that crustal upheavals played 
a major role in extinctions is the fact 
that the great crises in the history of life 
did not correspond closely in time with 
the origins of the great mountain sys­
tems. Actually the most dramatic epi­
sodes of mass extinction took place 
during times of general crustal quiet in 
the continental areas. Evidently other 
factors were involved. 

Fluctuations of Sea Level 

If mass extinctions were not brought 
about by changes in atmospheric oxygen, 
by disease, by cosmic radiation, by 
trace-element poisoning, by climatic 
changes or by violent upheavals of the 
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earth's crust, where is one to look for 
a satisfactory-and testable-hvpothesis? 

The explanation I have come to favor, 
and which has found acceptance among 
many students of the paleontological 
record, rests on Buctuations of sea level. 
Evidence has been accumulating to show 
an intimate relation between manv fossil 
zones and major advances and retreats 
of the seas across the continents. It is 
clear that diastrophism, or reshaping, 
of the ocean basins can produce univer­
sal changes in sea level. The evidence of 
long continued sinking of the sea Boor 
under Pacific atolls and guyots ( Bat­
topped submarine mountains ) and thc 
present high stand of the continents in­
dicate that the Pacific basin has been 
subsiding differentially with respect to 
the land at least since Cretaceous time. 

During much of Paleozoic and Meso­
zoic time, spanning some 540 million 
years, the land surfaces werc much l ower 
than they arc today. An appreciable rise 
in sea level was sufficient to Bood large 
areas; a drop of a few feet caused 
equally large areas to emerge, producing 
major environmental ,changes. At least 
30 major and hundreds of minor oscilla­
tions of sea level have occurred in the 
past 600 million years of geologic time. 

Repeated expansion and contraction 
of many habitats in response to alternate 
Booding and draining of vast areas of 
the continents unquestionably created 
profound ecological disturbances among 
offshore and lowland communities, and 
repercussions of these changes probably 
extended to communities deep inland 
and far out to sea. Intermittent draining 
of the continents, such as occurred at 
the close of many of the geologic epochs 
and periods, greatly reduced or elimi­
nated the shallow inland seas that pro­
vided most of the fossil record of 
marine life. Many organisms adapted 
to the special estuarine conditions of 
these seas evidently could not survive 
along the more exposed ocean margins 
during times of emergence and they had 
disappeared when the seas returned to 
the continents. There is now consider­
able evidence that evolutionary diversi­
fication was greatest during times of 
maximum Booding of the eontinen's, 
when the number of habitats was rela­
tively large. Conversely, extinction and 
natural selection were most intense dur­
ing major withdrawals of the sea. 

It is well known that the sea-level 
oscillations of the Pleistocene epoch 
caused by waxing and waning of the 
continental glaciers did not produce nu­
merous extinctions among shallow-water 
marine communities, but the situation 
was quite unlike that which prevailed 

during much of geological history. By 
Pleistocene times the continents stood 
high above sea level and the warm 
interior seas had long since disappeared. 
As a result the Pleistocene oscillations 
did not produce vast geographic and cli­
matic changes. Furthermore, they were 
of short duration compared with major 
sea-level oscillations of earlier times. 

Importance of Key Species 

It might be argued that nothing less 
than the complete destruction of a habi­
tat would be required to eliminate a 
world-wide community of organisms. 
This, however, may not be necessary. 
After thousands of years of mutual ac­
commodation, the various organisms of a 
biological community acquire a high 
order of compatibility until a nearly 
steady state is achieved. Each species 
plays its own role in the life of the com­
munity, supplying shelter, food, chem­
ical conditioners or some other resource 
in kind and amount needed by its neigh­
bors. Conse(luently any changes involv­
ing evolution or extinction of species, or 
the successful entrance of new elcments 
into the community, will affect the asso­
ciated organisms in varying degrees and 
result in a wave of adjustments. 

The strength of the bonds of inter­
dependence, of course, varies with 
species, but the health and welfare of 
a community commonly depend on a 
comparatively small number of key spe­
cies low in the community pyramid; the 
extinction of any of these is sure to affect 
adversely many others. Reduction and 
fragmentation of some major habitats, 
accompanied by moderate changes in 
climate and resulting shrinkage of popu­
lations, may have resulted in extinction 
of key species not necessarily represent­
ed in the fossil record. Disappearance 
of any species low in the pyramid of 
community organization, as, for exam­
ple, a primary food plant, could lead 
directly to the extinction of many eco­
logically dependent species higher in the 
scale. Because of this interdependence 
of organisms a wave of extinction orig­
inating in a shrinking coastal habitat 
might extend to more distant habitats of 
the continental interior and to the waters 
of the open sea. 

This theory, in its essence long 
favored by geologists but still to be fully 
developed, provides an explanation of 
the common, although not invariable, 
parallelism between times of wide­
spread emergence of the continents from 
the seas and episodes of mass extinction 
that closed many of the chapters of 
geological history. 
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SUMMIT OF CITY MOUND at Kiiltepe, which rises more than 

60 feet above the level of the surrounding plain, is the open, treeless 

area in the bottom half of tbis photograph. The piles of rubble at 

PRE·HITTITE ARTIFACTS found in the vicinity of Kiiltepe 

are characteristic of the indigenous art at the time of the Assyrian 

colonization of Anatolia. The three gold objects are a bowl, a cere· 
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the perimeter (left center) were left by early excavators who mis· 

took the mound for the source of Assyrian cuneiform tablets. A 

recent excavation can be seen in progress in the foreground. 

monial headdress and an ornamental pendant about four inches 

long. The pitcher (left), animal forms (center) and fruit stand 

(right) are all made of polished clay. Objects are not in same scale. 
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An Assyrian Trading Outpost 

Cla1!" tablets unearthed at the site of Kanesh 1n Anatolia describe 

1n detail an Assy-rian lnerchants' colony- there, the headquarters 

of an extensive c0I11171ercial system, that linked two ancient cultures 

S
tudents of the ancient world once 

tended to think of each civiliza­
tion as an isolated entity, a net­

work of agricultural communities and 
administrative cities tied together by 
common cultural and political institu­
tions and perhaps by rudimentary trade 
or some special common need such as an 
irrigation system. Sumer, Egypt, Assyria 
and the rest were conceived of as existing 
contemporaneously but more or less in­
dependently, or as succeeding each oth­
er in cyclcs of conquest or rebellion. In 
recent years a great deal of archaeologi­
cal evidencc has accumulated to show 
that this conception was incorrect, that 
man of the ancient civilizations was to 
a surprising degree a traveler and trader, 
and that civilizations influenced one 
another across deserts, mountains and 
seas. Most of the evidence has necessar­
ilv been indirect. Archaeologists investi­
g:lting a site have found raw material 
that must have come from a distant 
place, an artifact of unmistakably for­
eign manufacture, a written reference to 
far-off peoples or a clear case of alien in­
fluence in indigenous works of art. 

The site in central Turkey that my 
colleagues and I have been excavating 
for the past 14 years has provided more 
explicit and detailed evidence for such 
an interrelation of two ancient civiliza­
tions. What we have been studying is a 
commercial "colony," a foreign outpost 
in the central Anatolian city of Kanesh. 
Here, for 200 years from 1950 B.C. to 
1750, two peoples with different lan­
guages and cultures lived together in a 
mutually advantageous commercial sym­
biosis. The local people were the native 
Hatti of Anatolia; the foreigners were 
Assyrian traders and businessmen from 
the plains of Mesopotamia far to the 
south. Their homes and artifacts and 
above all the thousands of clay tablets 
on which they recorded every detail of 

by Tahsin Ozguc; 

thcir personal and business lives are pro­
viding us with a detailed picture of the 
complex politico-economic ties by which 
the Assyrians of Kanesh were linked to 
their homeland and to the local people 
and rulers. 

The Assyrian colony in Kanesh was 
the culmination of many centuries of 
trade development. Since the plain of 
the Tigris and Euphrates is conspicu­
ously deficient in mineral resources, the 
Mesopotamian cities were dcpcndent 
from the beginning on imports for their 
metals. There are indications that as 
early as 3500 B.C. trade expeditions from 
the southernmost cities of Sumer were 
obtaining copper from the mountains of 
U rartu and central Anatolia, more than 
1,000 miles to the north. A half-legend­
ary text dating from a later period recalls 
a punitive expedition led by King Sargon 
the Great of Akkad against the Anatolian 
city of Purushanda, in the area of the 
"silver mountains," where the natives 
had been molesting itinerant Akkadian 
merchants. By the turn of the second 
millennium B.C. extensive foreign trade 
had become established as one of the 
primary features of Mesopotamian cul­
ture, and the most enterprising and 
successful businessmen of this period 
were the Assyrians. 

Instead of relying on occasional ex­
peditions, the Assyrians assured them­
selves of an adequate and dependable 
How of raw materials by setting up per­
manent trade colonies at kev locations 
throughout the principal ore-producing 
districts of central and eastern Anatolia. 
Regularly scheduled donkey caravans 
traveling over fixed trade routes con­
nected these colonial outposts to the 
Assyrian capital of Assur [see map on 
next two pages J. Nine such colonies, or 
karums, are known to have existed in 
major cities of the indigenous Hatti be­
tween 1950 B.C. and 1750. Of eight of 

thcsc colonies onlv the names remain; 
their locations hav� not been discovered. 
Kanesh, the one colony that has been 
found, was the largest and was the con­
trolling center of the whole network. 
The relation between the Assyrians and 
the Hatti and their rulers was for the 
most part harmonious. It was the rise to 
power of a new Indo-European ethnic 
group, the Hittites, that eventually put 
an end to the period of Assyrian colo­
nization. But the Assyrians had left their 
mark. During their stay the indigenous 
Anatolian culture had become mixed 
with that of Mesopotamia. The amalgam 
became the basis of the ascendant Hit­
tite civilization. 

I t is a curious fact that scholars knew 
a little about Kanesh and even sus­

pected it was an Assyrian trading center 
long before Kanesh itself was uncovered. 
In 1881 clay tablets bearing Assyrian 
cuneiform inscriptions began to turn .up 
in the shops of antillue dcalcrs in the 
modern Turkish city of Kayseri, 13 miles 
southwest of the site of Kanesh. They 
found a ready market among interested 
philologists and archaeologists, who 
could learn only that the tablcts had 
been found by natives of the small vil­
lage of Karahiiyuk. The village was near 
an ancient site known simply as Kiiltepe, 
or "ash mound": a hill rising more than 
60 feet from the surrounding plain and 
covered by charred remains. When the 
French explorer Ernest Chantre under­
took the first excavations of the mound 
in 1893, the villagers were unhelpfully 
reticent, and Chantre could not find 
the source of the tablets. Neither could 
a succession of scholars who followed 
him, until, in 1925, the Czech scholar 
Bedl'ich Hrozny had better luck. A 
friendly cook for his archaeological field 
party suggested that he look not on the 
mound but about 100 yards to the 
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northeast. Hrozny dug there and came 
on the Assyrian merchants' quarter, the 
karum of Kanesh. 

It is in the karum that our research 
under the auspices of the Turkish His­
torical Society and the Turkish Govern­
ment's Department of Antiquities has 
been concentrated since 1948. We have 
found many thousands of clay tablets, 
and as we slowly decipher their wedge­
shaped cuneiform characters the opera­
tions of the Assyrian trading system and 
the life of Kanesh emerge with increas­
ing clarity. 

The principal exports from Anatolia 
were, of course, metals. Gold, silver and 
precious stones made up most of the 
shipments to the markets of Assur. The 
Assyrians also traded locally in Anato­
lian copper, which the natives alloyed 
with tin to make bronze. Large quanti­
ties of tin, which was not available any­
where in Anatolia, constituted about 50 
per cent of the imports. The Assyrians 
presumably obtained tin from some-

30 
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where in the Zagros Mountains east of 
Assyria, but their exact source of sup­
ply is not known. Textiles and clothing 
were the other major imports to Anatolia. 
In addition the Assyrians carried on a 
brisk local trade in hides, fleece, wool 
and rugs. 

The trade was conducted both by di­
rect barter and by exchange of currency. 
Gold was the principal capital of the 
commercial firms at Assur and was some­
times used as money, but silver provided 
the primary currency for trade with the 
natives. Both gold and silver were mined 
extensively in Anatolia, refined at the 
mines and shipped back to Assur. 
Within the native economy, on the other 
hand, copper was the medium of ex­
change. 

The Assyrian merchants applied dif­
ferent terms in their dealings with the 
local people and among themselves. To 
their fellow merchants they extended 
credit more freely and at lower interest 
rates. In their transactions with the na-
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tives they generally preferred cash pay­
ment, and when they made loans to 
Anatolians it was at a higher rate and 
for a shorter term. Imported manufac­
tures sold in Anatolia at a 100 per cent 
markup on their price in Assur. The in­
stitution of collateral played an impor­
tant role in trading contracts. A debt 
might be secured by every item of a 
man's property-including his wife and 
children. 

N was their practice throughout Ana­
- tolia, the Assyrians did not attempt 
to interfere in any way with local poli­
tics. They managed their commercial ac­
tivities and settled disputes among 
themselves through their own Assyrian 
institutions: local councils made up of 
officials appointed from Assur and other 
members elected by resident Assyrian 
traders for specific terms of office. Where 
commerce impinged on local politics 
their councils negotiated treaties or 
other agreements with the local princes. 

38 

PRINCIPAL TRADE ROUTES traversed by the Assyrian mer­

chants originated at Assur in northern Mesopotamia and terminat­

ed at the central Anatolian city of Kanesh. The northern route 

followed the upper Tigris River Valley and entered Kanesh from 

the east. The southern route skirted the edge of the North Syrian 

desert and ascended the Anatolian Plateau from three different 
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The dependence of the councils on the 
home government at Assur was effected 
by making them all subject to the ka1'U111 
at Kanesh, which was in turn directly 
connected to Assur, or, as it is usually 
referred to in the tablets, "the City." 

Most of the major Anatolian cities of 
the period were ruled by local princes 
and princesses and were entirely autono­
mous. The Assyrian merchants paid 
taxes to the local prince on imports, ex­
ports and sales. In return the prince 
guaranteed the trade caravans safe pas­
sage through his territory. In the event 
of any change in local government, such 
as the accession of a new prince to the 
throne, an oath of confidence was asked 
from the council of the kamm. The 
prince also acted as an arbitrator in cases 
of conflict between the Assyrians and his 
native subjects. For a certain fee the 
prince would provide storage space for 
merchandise in the celJar of his palace. 
We have found such celJar warehouses 
in both of the two palaces so far exca-

directions. Auxiliary routes connected all 

the major trade centers of Anatolia to Ka­

nesh. Open circles indicate modern cities. 
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CLAY TABLETS were often stored in large earthenware jars like this one, photographed 

as it was uncovered in the house of a merchant in Level II. The foot rule indicates scale. 

vated on the Kultepe mound. In addition 
to his regular fee the prince also had the 
first option to buy any of the latest im­
ports from Assur. 

Most of the documents unearthed 
from the karum at Kanesh are of a pure­
ly commercial nature. They include busi­
ness letters, contracts, bills of lading, 
memoranda about purchases and sales, 
and deeds between Assyrian traders. 

The local princes and even some of the 
common people learned to use the Assyr­
ian script. We have found letters from 
one native to another, legal documents, 
lists of palace staffs and documents bear­
ing on family relations that teach us 
something about the Ratti administra­
tive system and civilization. In some 
cases the mention of proper names-lo­
cal gods, people and places-provides a 

CLA Y ENVELOPES in which the tablets were enclosed to be filed or dispatched were 

sealed with the writer's personal design, applied with a cylinder seal. Such a design is seen 

at the top of this envelope. The writing below may he an address or a summary of contents. 
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clue to the unwritten local language of 
the time. 

More than most archaeological finds, 
some of the tablets give vivid insights 
into personal lives. One letter from a 
woman at home in Assur to her trader 
husband in Kanesh complains about her 
mother-in-law. Another woman left be­
hind in Assyria writes to bemoan the 
fact that she does not have enough mon­
ey to buy a sacrifice to a god. And we 
have one letter, apparently never dis­
patched, in which a woman whose 
mother-in-law is dying asks her sister-in­
law to come to Kanesh to help. Encoun­
tered among vast stacks of commercial 
documents, these letters cut sharply 
through the centuries and remind one of 
the human beings behind the clay tab­
lets and pottery shards. 

1i he first Assyrian traders settled at 
- Kanesh in about 1950 B.C. They 

established residence in a section of the 
city that lay like a crescent around the 
northeastern rim of the central mound, 
and it was this area that became the 
Assyrian karum. It is some 1,000 yards 
long, 700 yards wide and only a couple 
of yards above the level of the plain. 
Whereas the central city was populated 
from the Early Bronze Age until the end 
of the Roman era in the fourth century 
A.D., the karum was inhabited for but a 
short period of time. Only four distinct 
building levels are to be found there, 
the total thickness of which, from virgin 
soil to the Roor of the latest level, is just 
under 28 feet. The two lowest levels, 
designated III and IV, antedate the As­
syrian colonization and no written docu­
ments have yet been found there. It is 
Level II that introduces the documented 
historical era and the Assyrians, and it 
is here that we have unearthed the ma­
jority of the tablets-more than 14,000 
of them. 

The city of this era was divided into 
various quarters by squares and streets 
wide enough to allow the passage of 
carts. The residences of the Assyrian mer­
chants were concentrated in the center 
and northern section of the karum, with 
local Anatolians in the southern part. 
Apparently the Assyrians preferred to 
stick together, but the boundaries be­
tween quarters were not distinct. The 
shops of craftsmen were grouped at the 
center of the community. We have found 
two-room buildings containing large 
amounts of crockery and kitchen equip­
ment; these may have been restaurants. 
Other small buildings open to the street 
and outfitted with stone or wooden 
shelves seem to have been shops of some 
kllld, but we do not yet know what they 
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contained. Most of the residences were 
two stories high and had three or four 
rooms on each Roor, grouped around a 
covered courtyard. In many cases small 
rooms filled with tablets and separated 
from the living quarters appear to have 
served as offices. 

Unfortunately for the inhabitants but 
fortunately for the archaeologist, the his­
tory of Level II ended with a disastrous 
fire. The inhabitants departed in a hurry, 
leaving behind them the contents of their 
houses and workshops. Whatever re­
sisted the Rames remains to this day sub-

stantially as it was abandoned. The site 
was uninhabited for between 30 and 60 
years, after which a new city was built 
on the ruins, apparently by a new gen­
eration of Assyrian merchants. The new 
city is designated Ib to distinguish it 
from a slightly later, non-Assyrian level, 
Ia. The houses of Ib were larger and in­
dividual rooms were more spacious. Al­
though we have found less evidence of 
business activity in the form of cunei­
form records (only some 80 tablets have 
been unearthed so far), Level Ib appar­
ently represents a city at least as pros-

perous as its predecessor. Whereas the 
walls of houses in the earlier city had 
been built of mud brick on wooden 
frames, stone-wall construction now be­
came more popular. The Assyrian mer­
chants were still inRuential in the Ib 
city, but more of the native merchants 
in the southern part of the city now 
lived in houses as large and well de­
signed as those of the colonists. 

The artifacts found in Levels II and 
Ib reRect the remarkable degree to 
which the Assyrian colonists adopted 
the culture of their Hatti neighbors. Ex-

MAP OF SITE shows the central mound where the Ratti city of 

Kanesh was located and the outlying karum of the Assyrian mer· 

chants. The diagonally hatched areas around the perimeter of the 

mound were excavated by early archaeologists. The author's exca· 

vations on the mound and in the kaTum are outlined in black. Con· 

tour intervals are indicated in meters above the level of the plain. 
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cept for the clay tablets, with their 
cuneiform script and distinctly Meso­
potamian cylinder-seal impressions, all 
the artifacts of these levels are in the na­
tive style. If the tablets and their sealed 
envelopes had not been found, in fact, 
we might never have suspected the ex­
istence of the merchant colony. 

It was during the colonial period that 
the ceramic art reached its highest de­
velopment in Anatolia. Some of the pot­
tery was richly decorated, but the finest 
pieces depended for their beauty on pu­
rity of line and burnished monochrome 
finishes. Human and animal figures, 
drinking cups and small cosmetic boxes 

molded in the form of animals rank 
among the masterpieces of their kind. 

The clay envelopes in which cunei­
form tablets were enclosed were sealed 
with elaborate impressions made by 
carved stone cylinder seals [see bottom 
illustration on page 104]. The natives 
took over this ancient Mesopotamian de-

KARUM OF KANESH had four distinct huilding levels, two of 

which are shown in this schematic drawing of an excavation at the 

site. The houses of the earlier Level II (bottom), the settlement in 

which most of the clay tahlets were found, were largely of mud­

brick construction. Those of the later Level Ib (top) were more 

spacious and closer together, and many of them had stone walls. 
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1963 SAAB . . .  built so well that it has a 24,OOO-mile/24-month written warranty* 

fast warm-up devices: 

cold start control 

ventilator shades 

carburetor preheater 

eHicient 2-cycle, 3-cylinder 
engine makes every stroke a power stroke 

sure-traction, frisky 
front wheel drive 

low-steering factor (2Va fllrns 
lock-ta-Iock) for maximum 
responsiveness 

low noise level 

independent 4-wheel coil _J.�---'->;��� 
spring suspension with 
strut-type shock absorbers 
provide comfort on any road understeered to eliminate 

tail sway and improve 
directional stability 

Take a critical look at 
SAAB performance 

Aircraft reliability and performance stand­
ards are blended with an entirely new 
approach to over-all automotive design in 
the Swedish SAAB 96. This car was built to 
be better and more comfortable, not different 
• . .  built by one of Europe's leading aircraft 

manufacturers ... for those who enjoy me­

chanical excellence, technical uniqueness, and 
extraordinary craftsmanship. 

A critical look at all the facts and specifica­
tions will prove that SAAB is unquestion­
ably one of the world's best engineered cars. 

*Engine, transmission and differential have a written warranty for 2 years or 24,000 miles. 

SAAB FRONT WH EEL DRIVE transmits 
engine torque directly to front wheels 
to pull the car firmly along narrow 
winding roads, around corners, and 
over icy, wet, or muddy stretches. Self­
centering action of front wheel drive 
and calculated understeering ensures 
immediate recovery from skids, makes 
SAAB safer to drive in any weather 
and on any road. Bonus: Since SAAB 
transmission and differential are up 
front, you need no driveshaft to the 
rear wheels. You get fioorspace and 
trunk room. 

S A A B  TWO-CYCL E ENGI N E, an 
economical, quiet three-cylinder, two­
stroke valveless unit, employs Schniirle 
principle of charging through the 
crankcase. With every stroke a power 
stroke, it is comparable to a conven­
tional "6" in pickup, hill climbing ac­
celeration, fast cruising speeds-and 
offers fuel economy ranging from 30 to 
35 m.p.g. Engine dependability has 
been proved-in competitive victories 
and by the many SAABs which have 
provided low-maintenance perform­
ance past the 100,000-mile mark. 

SAAB RALLY VICTORIES are the ulti­
mate proof of performance, and Monte 
Carlo 1962 was no exception. Here 
again, SAAB won by outrunning and 
outperforming more powerful cars. 
Reasons: gas turbine-like efficiency at 
high speeds, road-hugging traction for 
fast sway proof turns, low steering fac­
tor (2U turns lock-to-Iock) for max­
imum responsiveness. This unique 
combination of characteristics makes 
SAAB ultraroadable in any driving 
situation ... turnpike, traffic, compe­
tition, back road, even parking. 

Arrange a test drive at your nearest 5AAB dealer. 
Or write for more information-and the 5AAB North 
American Road Atlas, a 64-page comprehensive travel 
guide valued at $1.00, but yours for only 2S¢ to cover 
postage and handling. 5AAB Motors, Inc., Dept. 102, 

405 Park Avenue, New York, New York. 

$1895 P.O.E. (little enough for one of the world's best engineered cars) 
SAAB MOTORS, INC. - NEW YORK • NEW HAVEN • JACKSONVILLE • ST. LOUIS 
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BRONZE DAGGER from the mound of Kanesh hears the Assyrian words "Palace of Anit· 

ta, the King." Anitta ruled in the region toward the end of the Assyrian colonial period. 

vice and developed it in their own dis­
tinctive style. In the locally made seals 
processions of gods and scenes of the 
hunt and of battle are prominent; many 
of these themes were later developed 
into primary motifs of Hittite art. 

Although the resident Assyrians ap­
parently had little effect on Anatolian 
art forms aside from the cylinder seals, 
we have found a strong North Syrian 
influence, particularly in metal objects, 
pottery and small statues. Evidence of 
this influence is found in both imports 
and imitative native products. One of 
the most interesting imports is a hollow­
shafted adz that is distinctly foreign to 
Anatolia and must have been brought in 
from the area of the Habor River [see 
map on pages 98 and 99]. This tool and 
many other metal objects found in spe-

cific strata at Kanesh and at Syrian sites 
are useful for establishing archaeological 
synchronism. In both levels of the karum 
we have found clothing pins, axes, dag­
gers and spearheads fashioned in bronze, 
silver or gold. None of these objects has 
been excavated at levels dating from 
either before or after the Assyrian colo­
nization. The fact that they are not As­
syrian but North Syrian indicates that the 
Kanesh karum maintained close relations 
not only with Assur but also with other 
neighboring lands. Some of them may 
not have been important items of trade 
but merely the personal effects of itiner­
ant merchants passing through Kanesh. 

Among the figurines of gods and 
goddesses, we have found two that are 
in a style alien to Anatolia. One is made 
of a glazed pottery and the other of 

ivory. Both materials are native to North 
Syria. The ivory statuette is remarkably 
similar to the figures of naked goddesses 
discovered at Mari in North Syria and 
must have been an import from that 
area. Both of these figurines were found 
in the grave of a foreign merchant. They 
are in sharp contrast to the majority of 
the religious figures uncovered in Level 
Ib, which are in the native style. Most of 
these are lead plaques showing the prin­
cipal Anatolian goddess, with or without 
her family, in low relief. We have also 
found the stone molds from which the 
plaques were cast. 

During the time when Level Ib was 
occupied, major changes were tak· 

ing place in Anatolia. Regional kings 
arose and began to extend their control 
over the feudal domains of the local 
princes. One of the rulers was Anitta, 
whose name appears on a bronze dagger 
unearthed in the remains of a palace on 
the mound of Kanesh. Anitta was king 
of the city of Kussara and apparently 
held dominion over Kanesh. Shortly 
after the reign of Anitta, during the first 
half of the 18th century B.C., invaders 
from the north-presumably Hittites­
attacked and burned both the central 
city and the Level Ib kal'um. Although 
a small city was built on the ruins and 
left its remains as level Ia in the karu1n 
area, the fire marked the end of the As· 
syrian colony. With the consolidation of 
political power in the Hittite Old King. 
dom, the immediate Assyrian influence 
in Anatolia was at an end. 

The influence of Assyria in Anatolia 
nonetheless persisted. For more than a 
century the Anatolians had been in di· 
rect contact with the advanced cuI· 
ture of Mesopotamia, with a written Ian· 

CYLINDER SEAL is shown at the right. At the left is its impress, 

made by rolling it over wet clay. Cylinder seals were characteristic 

Mesopotamian devices and were introduced into Anatolia by the 

Assyrians. This particular seal probably came from North Syria. 
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BOOK 1 
BOOK 2 
BOOK 3 

AMATEUR 

TELESCOPE 

MAKING 

Edited by ALBERT G. INGALLS 

This set of books is the authoritative reference library of the en­

thralling hobby of amateur telescope making. Through these books 

thousands have discovered a fascinating mechanical art combined 

with a great science. 

B O O K  ON E begins at the beginning, teaches the basics of glass 

grinding and how to complete the first telescope. (497 pages, 300 
illustrations.) 

B O O K  TWO leads on into advanced methods of amateur optical 

work and describes new projects for the telescope maker. (650 pages, 

361 illustrations.) 

B O O K  THR EE opens up further fields of enterprise; e. g. binocu­

lars, camera lenses, spectrographs, Schmidt optics, eyepiece design, 

ray tracing (made easy). (644 pages, 320 illustrations.) 

Copies of the Amateur Telescope Making books may be purchased 

through your local bookseller or by using the order form below. 

SCIENTIFIC AMERICAN, INC. 
415 Madison Avenue, New York 17, N. Y. 

Please send me the following AMATEUR TELESCOPE MAKING 

books, for which my remittance of $ _______ is enclosed: 

D BOOK 1 Postpaid: $5.00 domestic, $5.35 foreign 

D BOOK 2 Postpaid: $6.00 domestic, $6.35 foreign 

D BOOK 3 Postpaid: $7.00 domestic, $7.35 foreign 

Na111e __________________________ __ 

Address _________________________________ __ 

City---------------Zone ___ State ________ _ 

(Residents of New York City please add 3% sales tax) 

. --------- ----------------------------
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guage and with a highly organized com­
mercial system. Assyrian scribes served 
in the palaces of the Anatolian kings, and 
some of the local people learned enough 
of the written language to use it for com­
mercial, legal and administrative pur­
poses. The upper classes in particular 
came under the broadening influence of 
the Assyrians. They acquired a taste for 
the fashions and luxuries of Babylon 
and picked up administrative techniques 
and business acumen. Perhaps most im­
portant of all, this provincial people ac­
quired from the Assyrians a sense of em­
pire that later expressed itself in the 
powerful Hittite civilization, which 
dominated Asia Minor in the centuries 
that followed. 

FIGURINE of the mother goddess carved in 

ivory was found in a Level Ib grave. It was 

probably imported from a North Syrian city • 

© 1963 SCIENTIFIC AMERICAN, INC



INSTANT 
INTELLIGENCE 

FOR INSTANT 
DECISIONS 

Fairchild's new Ground Sensor Terminal permits real-time 
battlefield surveillance from a remote command post. 
This is what it does: The mobile Ground Sensor Terminal receives 
photographic, infrared or radar views transmitted by an airborne re­
connaissance system. The signals are displayed on a TV screen for 
instant evaluation. In the Ground Sensor Terminal, the signals are 
also recorded on film and rapid-processed for high-resolution ex­
amination. Position of the aircraft or drone is traced automatically 
on a plot board for precise geographic location of each area viewed. 
If real-time imaging is a prime 
element of your project, look to 
Fairchild first. You will find 
more details in our brochure, 

"Facilities and Capabilities-an 
Eye to the Future." Address 
Fairchild, Department 94, 750 
Bloomfield Ave., Clifton, N. J. 

r 
DEFENSE PRODUCTS DIVISION 
SYO S SET , N. Y./CLIFTO N, N. J. 
LOS ANGELES, CAL./PALO ALTO, CAL. 

A COMPLETE VISUAL IMAGING SYSTEMS CAPABILITY 
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One of 1:& series briefly describing Gltl's rescore', in deptl. 

Breakthrough in Ferroelectrics 

The spirit of science is tentative, experimental, skeptical. 
Thus we have been cautioned by our research colleagues 
here at the Laboratories of the naivete of pinning a 

"breakthrough" label on a discovery they made in 

ferroelectric materials. We're not convinced. 

Ferroelectrics have remained on the scientist's workshelf 
as curious crystal analogs of ferromagnetic materials . 

as intriguing insulators whose dielectric "constant" isn't, 
but varies with changes in electric field intensity much 
in the hysteresis loop fashion of magnetic materials. 

Recently, two members of our research staff reported 
they had observed ferroelectric behavior at room 
temperature in a polycrystalline form of ordinary saltpeteL 
Furthermore, this ferroelectric phase in potassium 

nitrate has nearly ideal electrical characteristics. Apparent 
true coercivity. Dielectric hysteresis loops that are 
really square (ratios of 600:1 and more) . Here then is an 

inexpensive, easily prepared material that may perform 
the much sought after memory and switching functions in 
capacitive circuits-functions similar to those handled 

by their ferromagnetic brethren in inductive circuits. 

This discovery is expected to stimulate the development 
of practical, compact electronic devices of interest to the 
computer, control, and communication sciences. 

It is only one of the avenues of science and engineering 
being opened by CM's research in depth. 

General Motors Research Laboratories 
Warren, Michigan 

Room temperature 6O-cps hysteresis 
loop (above) of KN03 melted on 
copper substrate with the simplest 
of tools (left). 
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Shock Waves and High Temperatures 
New verSlons of the shock tube, the device that lS �used to produce 

shock waves under controlled conditions In the laborato/�y, can heat 

a gas to temperatures approaching those of thennonuclear reactions 

A handclap and a thunderclap, the 
sonic boom from a supersonic air­
craft that can break windows and 

the blast wave from an explosion that 
can flatten a building-these are exam­
ples of shock waves: pressure disturb­
ances of finite amplitude that in a gas 
move at a speed in excess of the speed of 
sound. By the time the handclap or the 
thunderclap reaches the ear, the energy 
that initiated the disturbance has almost 
been dissipated and the shock wave has 
decayed into a train of sound waves : 
pressure disturbances of minute ampli­
tude that travel at the speed of sound. In 
the case of the sonic boom and the blast 
wave, the breaking of the window and 
the collapse of the building give evi­
dence that the shock wave has arrived 

by Sialcolm McChesnev 

intact bearing a large lluotient of the en­
ergy that initiated it. 

Concern with the destructive effect of 
shock waves brought the invention some 
years ago of the shock tube. This instru­
ment for the study of shock waves on a 
small scale has now become a fairly 
common piece of laboratory equipment. 
Interest in the subject has taken a new 
turn because the shock wave has proved 
to be the medium for the attainment of 
some of the highest temperatures on 
earth outside of a nuclear explosion. An 
understanding of the condition and be­
havior of atoms and molecules in such 
extreme states of excitation is crucial for 
work along many lines, from fundamen­
tallluestions in thermodynamics to engi­
neering problems in rocketry. Presently 

the temperatures in laboratory shock 
waves are approaching the thermonu­
clear range, above a million degrees Kel­
vin ( degrees centigrade above absolute 
zero ) .  Here investigators have encount­
ered a new kind of shock wave for which 
there is no adequate theoretical model. 
When this situation is better understood, 
the latter-day descendants of the shock 
tube that generate such shock waves 
may turn out to be the prototypes 
of the reactor that will harness thermo-

� 

nuclear reactions for the production of 
useful power. 

The generation and movement of a 
shock wave are best illustrated in the op­
eration of what can now be described as 
the classical shock tube. This consists of 
a long pipe a few inches in cross section, 

FORMATION OF SHOCK WAVE is shown at three stages in these 

photographs by Walker Bleakney of Princeton University. The 

wave is moving from left to right and the displacement of an in-

terference fringe from the normal horizontal position is a measure 

of the gas density. The broken lines at right mark the same fringe on 

both sides of the shock front ; the displacement is about seven fringes. 
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either round or square and sealed at 
both ends. At some point between the 
two ends a breakable diaphragm divides 
the pipe into two sections. One section­
the "driver," or high-pressure, section-is 
filled with a light gas at high pressure; 
for example, hydrogen or helium or a 
mixture of combustible gases such as 
oxygen greatly diluted with hydrogen. 
The other section-the "expansion," or 
low-pressure, section-is filled with some 

test gas in which it is proposed to study 
the behavior of the shock wave; the pres­
sure of the test gas is usually set at con­
siderably less than the pressure of the at­
mosphere. The diaphragm is a sheet of 
plastic or metal, and it is designed to be 
ruptured "naturally" by the building up 
of gas pressure in the driver section or 
"artificially" by any one of several meth­
ods such as pricking it with a steel needle 
or melting it with a hot wire. In the ideal 

SHOCK TUBE used by the author at the University of Liverpool is approximately 18 feet 

long. The shorter "driver" section, about three feet long, contains a gas under high pressure. 

1 1 0  

case the ruptured diaphragm is assumed 
to open up instantaneously to the full 
cross section of the shock tube, bringing 
the high-pressure gas in the driver sec­
tion into contact with the low-pressure 
gas in the expansion section and creating 
an abrupt discontinuity of pressure in 
the tube. 

What happens now can be visualized 
by imagining the high-pressure gas to be 
a solid piston that is suddenly allowed 
to move in the pipe. The little slab of 
low-pressure gas immediately ahead of 
the piston will be compressed, heated 
and set in motion, much as happens in a 
bicycle-tire pump. This slab of com­
pressed, hot gas pushes against the next 
sbb of cold gas down the pipe and 
similarly compresses, heats and sets it 
in motion. Hence a minute pressure 
wave proceeds through the test gas, and 
the gas through which it passes is com­
pressed, heated and set in motion. As the 
piston moves forward it starts a new 
wave at each point, and in this way gen­
erates a train of pressure pulses that 
moves through the gas. The compression 
of a gas by such pressure waves was pre­
dicted by Isaac Newton and correctly 
analyzed by the 18th- and 19th-century 
French mathematician and astronomer 
Pierre Simon de Laplace, who called the 
waves "sound waves." Laplace also 
showed that the speed of a sound wave 
depends on the temperature of the me­
dium through which it is traveling. Thus 
in the shock tube as each little pulse 
starts out from the piston and heats the 
gas through which it passes, the suc­
ceeding pulse in the train moves into gas 
already heated and travels faster. In the 
train of pressure pulses generated by 
the forward movement of the piston the 
later pulses catch up with the earlier 
ones until they all coalesce at some point 
in the pipe to form a large pressure 
pulse. 

T he movement of large pressure pulses 
of this kind was subjected to analysis 

about a century ago by the German 
mathematician Georg F. B. Riemann. 
He found that the velOCity of any portion 
of the pulse depended on the ratio of 
the pressure at that portion of the pulse 
to the pressure of the undisturbed gas 
ahead of the pulse. This means that the 
portion of the pulse at higher pressure 
will travel faster and that the peak of 
the pulse, where the pressure is highest, 
will travel fastest of all, possibly several 
times the speed of sound; whereas the 
forward base of the pulse, where the 
pressure is not much higher than it is in 
the undisturbed gas ahead, will travel at 
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the speed of sound. It is clear that as the 
pulse moves down the pipe it will change 
its pressure profile : the peak that travels 
fastest will tend to overtake the base, 
steepening the differential in pressure as 
it moves on, until the profile has attained 
a theoretically infinite steepness. The 
pressure pulse now moves as a pressure 
discontinuity in the gas, just like the 
piston that generated it but at a faster 
speed. The train of minute pressure 
waves, or sound waves, has built into a 
large pressure pulse that has grown into 
a shock wave moving faster than sound. 

Riemann's predictions were verified in 
their essentials by the French engineer 
Paul M. E. Vieille, who devised the first 
shock tube for this purpose in 1899. Later 
British investigators, working on prob­
lems of safety in coal mines, used the 
shock tube to study explosions in mine 
gases. The biggest boost to shock tube 
technology came during World War II, 
when U.S .  investigators undertook sys­
tematic study of the military aspects of 
blast waves : how these waves damage 
buildings and how, in particular, the 
blast wave of a nuclear explosion is am­
plified by the Mach effect, which results 
when the reRected blast wave from the 
ground, traveling through air already 
compressed and heated, overtakes and 
merges with the initial blast wave. In 
connection with this work, investigators 
at Princeton University made the discov­
ery that not only could the shock tube 
be employed to study the pressures due 
to shock waves but also, and more im­
portant, that these waves generate high 
temperatures in the gases through which 
they pass. 

Pressure-driven, or hydrodynamic, 
shock tubes are now used to study shock 
waves in many laboratories around the 
world. Ranging from simple pipes to big­
gun barrel installations, they operate 
over a considerable range of pressure 
and temperature. Work with the shock 
tube speedily came up against a temper­
ature ceiling not predicted in Riemann's 
theoretical scheme. Observation and the­
ory now show that, regardless of the ratio 
of the pressures in the high- and low­
pressure sections of the shock tube, the 
pressure and temperature of the gas be­
hind the shock wave is limited and, in 
fact, depends on the ratio of the speed of 
sound in the driver gas and in the driven 
gas. Put another way, the speed of the 
piston that drives the shock wave is 
limited to a few times the speed of sound 
in the high-pressure gas. 

Riemann's mathematical analysis is 
subject to still another correction that 
explains more vividly the limitations on 
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DEVELOPMENT OF SHOCK WAVE in a shock tube is depicted graphically and schemati· 

cally. A diaphragm (lower diagram in a) separates one gas at high pressure from another at 

much lower pressure. The plot of pressure against distance shows this division. When the 

diaphragm is ruptured (b), the driver gas generates a continuous pressure gradient (or 

profile) ahead of it as it moves down the tuhe. This pressure gradient becomes increasingly 

steep as it propagates (c), until it becomes a near discontinuity, that is, a shock wave (d). 

III 
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the temperature attainable in the hydro­
dynamic shock tube . The correction also 
serves to clarify the physical mechanism 
by which the energy stored in the high­
pressure driver gas is transformed into 
heat and other forms of energy in the 
gas traversed by the shock wave . Rie­
mann assumed the gas to be a structure­
less fluid, or, as it is called, a continuum. 
A gas, however, is composed of atoms or 
molecules and a great deal of empty 
space-it is a medium far from continu­
ous in texture. In any given volume of 
gas the molecules tirelessly rush about, 
colliding with one another or the walls 
of their container, then travel freely and 
collide again. Such terms as density, 
temperature, heat and pressure each 
describe certain aspects of this situa­
tion. Density, of course, refers to the 
average number of molecules per unit 
volume; this has the important effect 
of determining the average distance 
( termed the mean free path) that any 
one molecule can travel before it collides 
with another. Temperature is a measure 
of the average energy of the molecules 
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as they move about in arbitrary direc­
tions; as such it is an index of the heat 
content of the gas . Not to be confused 
with temperature, the heat content is the 
total energy of this random motion of the 
molecules in the gas; it is therefore a 
function of density as well as of tempera­
ture . The pressure is the force exerted on 
the walls of the container as a result of 
the density of the gas and the heat en­
ergy it contains . 

T he build-up of a shock wave can now 
be described in terms of the "molec­

ularity" of the gas . At the instant the 
diaphragm in the shock tube is ruptured, 
the molecules of gas in the low-pressure 
section are moving about over relatively 
long mean free paths, owing to the low 
density of the gas, and at the rather lei­
surely average speed of about 1,000 feet 
per second, the speed of sound in light 
gases at ordinary temperatures . Com­
pression of the gas in the first little slab 
ahead of the outrushing piston of high­
pressure gas shortens the mean free path 
of the molecules and steps up the rate of 

KINETIC ENERGY OF SHOCK WAVE is transformed into three energy modes among the 

gas molecules swept up by the wave. The distribution of energy among these modes 

before the shock wave front arrives is represented by the relative heights of the hatched areas 

to the right of the front. ("Energy of translation," the energy of random translational mo" 

tion of the molecules, manifests itself as temperature. "Energy of rotation" is that with which 

a molecule as a nnit rotates. "Energy of vibration" is that with which the interatomic bonds 

of a molecule vibrate.) The impact of the shock wave produces a sndden increase in trans· 

lational energy (i.e., an increase in temperature). Some of this energy is transformed almost 

instantaneously into rotational energy (in a few millionths of a second, or within the width 

of the shock wave front). As the molecules continue to translate and rotate (farther and 

farther behind the front) there is a further decrease in both modes and a corresponding in· 

crease in vibrational energy, until the equilibrium distribution of energy is established. 

1 1 2  

collision among them, increasing th-o ve­
locity of the molecules and consequently 
the temperature of the gas . The first mi­
nute disturbance passes forward at the 
speed of sound into the next slab, com­
pressing and preheating it for the arrival 
of the next wave. As the waves overtake 
one another, building up into a large 
pressure pulse, and as the pressure pulse 
grows into a shock wave, the mean free 
path of the molecules in the wave grows 
still shorter and the temperature rises .  

The shock wave cannot, however, at­
tain the infinite discontinuity of the Rie­
mann equations, and the zero thickness 
this implies, precisely because it is made 
up of molecules . The shock wave must 
always be spread out over some finite 
distance in the gas, measurable in terms 
of the length of the mean free path. 
Across this distance the gas density, 
temperature, pressure and velocity all 
change . As the shock wave forms and 
these gradients grow steeper, energy 
in the form of heat and also momen­
tum flows more swiftly from regions of 
high temperature and velocity to those 
regions in the wake of the wave where 
these quantities are low. Ultimately 
these opposing mechanisms of steepen­
ing and spreading balance and the shock 
wave profile becomes stable . 

The heating of the gas by the ad-
vancing shock wave illustrates the 

essential nature of heat : it is the energy 
of the random motion of the molecules 
in the gas .  By way of emphasizing this 
point, in considering the heating process 
on the molecular scale it can be sup­
posed for a moment that the shock wave 
is at rest and that the gas is flowing into 
it. This hypothetical reversal of the 
actual situation calls for no correspond­
ing change in the observed temperature 
of the gas because the bulk motion of the 
molecules is directed in a straight line; 
that is, they are invested with the kinetic 
energy of the now stationary shock front, 
and this kind of energy does not register 
on a thermometer moving with the 
streaming gas . As they stream into the 
shock front, however, the molecules en­
counter a sharp increase in density and 
proceed to make numerous scattering 
collisions with the shock-front molecules 
and with one another. Their directed 
motion is thereupon exchanged for ran­
dom motion, which manifests itself in 
an increase in the temperature of the gas . 

At this point the investigator whose 
objective is high temperatures must con­
tend with another set of natural ob­
stacles .  By no means all of the kinetic 
energy of the shock wave is transformed 
into heat as it sweeps up the molecules 
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in its path. In fact, with each increase 
in temperature an increasing percentage 
of the energy is transformed into energy 
modes other than the random transla­
tional motion of the molecules. 

In the zone of highest temperature 
just behind the shock front, thc mole­
cule-molecule collisions cause the mole­
cules to spin as well as to rebound 
elastically from one another; some of the 
energy of heat is thereby transformed 
into the energy of rotation of the mole­
cules. Back a little farther the violence 
of intermolecular collisions makes the 
interatomic bonds of the molecules 
vibrate. These transformations are pre­
dicted in the powerful generalizations of 
(Juan tum theory that show that a mole­
cule can possess only certain discrete 
(as opposed to continuous) amounts 
of energy of each kind and that a par­
ticular minimum energy is re(juired to 
set each energy mode into action. The 
energy minimum is negligibly small for 
the translational motion of the molecule 
as a whole; it is reasonably small for the 
rotation of simple diatomic molecules, 
such as those of oxygen or carbon mon­
oxide; and it is quite large for vibration 
of the diatomic bond of these molecules. 
In the shock wave, as these minimum 
thresholds are crossed, some of the trans­
lational energy of the molecule passes 
into stepping up the rotational energy 
and then to starting the vibrational en­
ergy mode of the molecule. 

T his transformation of energy from 
translation to rotation to vibration is 

known as energy relaxation, and it has 
been beautifully demonstrated by shock 
tube experiments in diatomic and poly­
atomic gases. As the translational en­
ergy (and along with it the temper­
ature ) drops from its highest value im­
mediately behind the shock wave front 
to a lower value some distance behind 
it, the gas density behind the shock front 
changes accordingly. The events that 
transpire here show up in photographs 
made with the Mach-Zehnder inter­
ferometer, an optical instrument that 
reveals small changes in gas density 
by passing one beam of light through 
the relaxing gas and a second beam 
of light through an undisturbed con­
stant-density gas and superimposing the 
two images in register on the film. Mach­
Zehnder photographs made with a 
sufficiently short exposure effectively 
"freeze" the shock wave in the field of 
view and show plainly the zones of den­
sity change associated with molecular 
rotation and vibration [see top illllstra­
tion 0'11 next page J. 

Such pictures have more than artistic 
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THERMAL DISSOCIATION of molecules is caused by more intense shock waves, because 

of the greater frequency and violence of intermolecular collisions. Such a collision (left and 

middle ) increases the vibrational energy of the interatomic bonds and they break (right). 
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THREE·BODY RECOMBINATION is the reverse of the dissociation process shown in the 

illustration above. Two particles form an interatomic bond in a collision with a third par· 

ticle. The third particle leaves the collision with more energy than it had originally. 

valiJe; they can be used to calculate the 
time re(luired to transform energy from 
one mode to the next. These measured 
relaxation times are an indication of the 
number of molecule-molecule collisions 
necessary to produce the energy transfer. 
The efficiency of the energy exchange­
or, to put it more formally, the collision 
cross section for energv exchange-be­
tween two molecules can thereby be 
computed. Such cross sections are also 
calculable from quantum theory, so that 
the shock tube provides a splendid 
means for confronting theory with ex­
periment in connection with the impor­
tant process of intermolecular energy 
exchange. Pioneer studies of rotational 
and vibrational relaxation were con­
ducted in the shock tube laboratories at 
Brown University and Princeton Uni­
versity respectively. Experiment and 
theory show that for all but the weakest 
shock waves the translational and rota­
tional energies are quicklv activated, 
usually within a few mean free paths, 
whereas the vibrational mode lags con­
siderably in activation. 

In a more intense shock wave, with a 
still higher temperature and thus greater 
frequency and violence of intermolecu­
lar collision, the molecular vibrations be­
come sufficiently energetic to break the 

molecular bond, causing the atoms to fly 
apart. Now, the process of thermal disso­
ciation, like most atomic or molecular 
processes, is reversible. The collision in 
which particle A (an atom or a mole­
cule) strikes the molecule BC with suffi­
cient energy to break the bond is an 
"inelastic" collision: some of the energy 
of motion goes to break the bond and 
the three independent particles-A, B 
and C-leave the scene of their encounter 
with reduced velocity. In the reverse 
process, known as three-body atomic 
recombination, two free atoms, Band 

C, combine in the presence of a third 
body, A; the energy liberated by their 
reaction is transferred to A. From this 
"superelastic" collision particle A flies 
off with more energy of motion than it 
came in with. 

-\ Iolecular dissociation and the study 
-'- - of It Il1 shock tubes held the center 
of the stage during the early phases of the 
recent spectacular advances in rocketry. 
One of the major obstacles to be sur­
mounted was the heating of the nose 
cone or the space vehicle on re-entry into 
the earth's atmosphere. With the vehicle 
traveling at four or more times the speed 
of sound, a shock wave of high intensity 
builds up just in front of its forward face. 

1 13 
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LIGHT SOURCE 

PLANE MIRROR 

MACH·ZEHNDER INTERFEROMETER is used to study changes 

in gas density that are caused by the passage of a shock wave. 

Light from a single source is split and one beam is passed through 

the shock tube. In practice the beam paths are equivalent except for 

the effects of the shock wave. Changes in gas density are manifested 

as changes in the fringe pattern formed by the recombined beams. 

In the zone of high temperature behind 
the shock wave all the processes of mo­
lecular rotation, vibration, dissociation 
and recombination are set going. Now, it 
is bad enough to have hot air Rowing over 
the surface of the vehicle, but in addition 
the heating of the vehicle can be danger­
ously aggravated by three-body atomic 
recombination. In a high percentage of 
these cvents the vehicle itself acts as 
the t11ird body! The energy released is 

given up in the form of heat directly to 
the surface of the vehicle. In the design 
of nose cones and heat shields for space 
vehicles the shock tube made it possible 
to simulate some of the conditions of the 
re-entry process. Specifically, these ex­
periments led to the development of 
materials that inhibit molecular recom­
bination; such materials are said to have 
noncatalytic surfaces. The shock tube 
has of course played other roles in rocket 

> 

ELECTROMAGNETICALLY DRIVEN SHOCK WAVE is produced in an experimental 

apparatus essentially like that illustrated here. When the circuit is closed, the capacitor bank 

discharges its current through the electrode gap, producing an arc plasma (cigar·shaped 

colored area). The circuit is so arranged that the associated magnetic fields (flattened oval 

curves) are in opposition. Electromagnetic forces of repulsion that result drive the plasma 

down the tube (colored area at right), generating a shock wave in the gas of the tube. 
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engineering, since shock waves attend 
many aspects of the violent energy-trans­
formation processes involved in this art. 

It was not long after the shock tube 
had arrived in the laboratory that inves­
tigators were impressed to observe that 
the hot gases in a shock tube give off 
light. When a gas heated by a shock 
wave has attained a sufficiently high 
temperature, in fact, this becomes one of 
the principal modes by which energy is 
bled off from the gas. The light emitted 
by a hot gas-in a Rame or a carbon arc as 
well as in a shock wave-is generated by 
the same process. The main actor is 
the planetary electron, revolving on its 
orbit around the nucleus of the atom and 
jumping or being pushed from orbit to 
orbit, According to strict quantum rules, 
the orbits, or energy states, occupied by 
each electron in each atom in the gas 
depend on the temperature, and for any 
temperature there is a specific distribu­
tion of electrons throughout all the atoms 
in the gas. Although the distribution 
is strict, it is dynamic, Inelastic colli­
sions are constantly boosting the elec­
trons to the higher energy states appro­
priate to the temperature. The electrons 
thus excited tend constantly to fall back 
to allowed orbits where their potential 
energy is at a minimum compatible with 
certain quantum restrictions on the 
number of electrons that may occupy an 
orbit. They make their return either by 
spontaneous quantum jumps or as the 
result of superelastic collision; in the 
former case they emit the difference in 
energy between the upper and lower 
energy states as a photon, or quantum of 
light. The higher the temperature, the 
greater the number of inelastic collisions 
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causing excitation and consequently the 
greater the number of photons emitted. 
Generally speaking, therefore, the hotter 
the gas, the more light it gives out. 

T he shock tube has made it possible to 
bring this cardinal process of nature 

under systematic study. One of the ob­
jects of this work is to determine how 
long an electron occupies an excited 
energy state before spontaneously jump­
ing to a lower level-provided that a su­
perelastic collision does not remove it 
beforehand. The mean lifetime of the ex­
cited state is in principle calculable from 
theory; for all but the simplest atoms and 
molecules, however, such calculations 
are prohibitively difficult. Experimental 
results obtained by heating gases with 
arc and spark discharges are blurred 
by the introduction of impurities from 
the electrodes into the gases. The shock 
tube provides impurity-free hot gases at 
temperatures and densities that can be 
precisely controlled by adjustment of 
the pressures in the two sections of the 
tube. On a small scale in the laboratory 
an astrophysicist can reproduce condi­
tions observed at the surface and in the 
atmosphere of a star and study the 
microscopic processes that go on there. 

It is not at the surface but in the in­
terior of a star that the temperatures 
necessary to ignite the thermonuclear 
reactions are attained. In the tempera­
ture range above a million degrees Kel­
vin the translational energy of particles 
becomes great enough to overcome the 
huge forces of repulsion between naked 
atomic nuclei and bring about their 
fusion. From this ultimate inelastic col­
lision there emerges a single new nucleus 
-a helium, say, from the fusion of two 
nuclei of the heavy isotopes of hydrogen 
-of slightly less mass than its parents, 
plus a quantity of energy representing 
the vanished mass. 

One significant development in the 
push to this temperature range is the 
electromagnetically driven shock tube, 
first demonstrated at the University of 
Oklahoma and now under extensive 
study at the Naval Research Laboratory 
in Washington and elsewhere. The 
mechanism is relatively simple. The 
driver gas in the high-pressure sec­
tion is replaced by two electrodes 
that are connected to a bank of elec­
trical condensers charged to a high 
voltage. The electrical circuit is so ar­
ranged that the wires from the two elec­
trodes run from the condenser bank 
parallel and in close proximity to the 
electrode gap. When the switch is 
closed, the condensers discharge their 
electrical energy into the gap and pro-
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TWO TYPES OF COLLISION discussed in the text are compared. 

Uncharged particles that pass close together affect one another very 

little (left) . The force fields of like-charged particles, however, fre­

quently result in what is known as a distant·encounter collision 

(middle) ; that is, they are turned from their original paths even 

though they do not collide directly. Such encounters usually in­

volve a turn of much less than 90 degrees. Only in a close en· 

counter (right) is the amount of turning more than 90 degrees. 

duce an arc plasma; that is, the gas in 
the gap is ionized by the stripping of one 
or more electrons from some of or all 
the atoms. During the instant of dis­
charge the current in the plasma flows 
parallel to that in the wires but in the 
opposite direction. An elementary law 
of electricity, demonstrated by Michael 
Faraday more than a century ago, shows 
that strong electromagnetic forces of re­
pulsion are set up by currents flowing 
in this manner. In accordance with the 
"left-hand" rule, the repulsive force is 
exerted in the third dimension of space 
around the electrical conductor, at a 
right angle to the current and its asso­
ciated magnetic field. In the electromag­
netic shock tube this force violently 
accelerates the plasma away from the 
electrodes. The projected plasma acts to 
all intents and purposes like the pis-

ton in the hydrodynamic shock tube. 
The resulting shock wave has been 
clocked at Mach 200-200 times the 
speed of sound, or 40 miles per sec­
ond! With temperatures in the range of 
500,000 degrees K., these shock waves 
fall short of the thermonuclear standard, 
but they open up a new realm of high 
temperatures to investigation. 

T he first efforts to produce controlled 
thermonuclear reactions relied on 

the "pinch effect," which is achieved by 
a mechanism precisely the opposite of 
the electromagnetic repulsion that drives 
the electromagnetic shock tube. A bank 
of electrical condensers is discharged 
abruptly through electrodes to a plasma, 
with the result that the current flows as a 
sheet at the boundary between the gas 
and its container. This hollow cylinder of 

Z PINCH involves a powerful electrical discharge (horizontal black arrow at center) along 

the axis of a cylinder containing highly ionized gas. The resulting plasma (color) is com· 

pressed ("pinched") by the magnetic field (circular arrows) generated by the discharge. 

The compressing force of the field generates a radially imploding shock wave in the plasma. 
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current can be thought of as an infinite 
number of filamentary currents all flow­
ing in the same direction. In accordance 
with Faraday's left-hand rule, the cur­
rents attract one another. The cylindrical 
sheet of current collapses inward by a 
radial implosion, subjecting the gases 
within to a sudden "pinch." 

There are two types of pinch dis­
charge. In what is called the Z pinch the 
current flows along the axis of the elec­
trode gap and produces a magnetic field 
circumferentially around the cylinder; 
in the theta pinch the current flows cir­
cumferentially around the cylinder and 
the magnetic field lies along the cylinder 
axis. In either case the left-hand rule 
predicts a force acting inward in the 
radical direction on the current sheet, 
causing it to collapse. The gas enclosed 
by the current is swept up in the implo­
sion and compressed at the axis of .the 
container. Given a sufficiently rapid dis­
charge of the condenser bank, the speed 
of collapse can be made to exceed the 
speed of sound in the gas. The current 
sheet then acts like a piston on the 
gas, producing a shock wave ahead of 
itself. Generally speaking, the faster the 
current is deposited in the gas, the 
stronger the shock wave and the higher 
the temperature of the gas that lies 
between it and the collapsing sheet 
of curtent. It is desirable that the 
gas be at least partially ionized before 
the current is discharged into it, so that 
none of the electrical energy need be 
expended to excite molecular rotation, 
vibration, dissociation and subsequent 
ionization. This preionization is a prob­
lem that so far has been only partially 
solved. 

A mathematical analysi.:; of the col­
lapse of the current sheet made at the 
Los Alamos Scientific Laboratory in 
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1 954 showed that the speed of the radi­
ally imploding shock wave, and as a 
result the temperature, is directly pro­
pOl·tional to the plasma voltage and in­
versely proportional to the square root 
of the density of the gas ahead of the 
shock wave . It would appear, therefore, 
that one could make the pinch effect 
generate as high temperatures as one 
could wish simply by increasing the plas­
ma voltage and dccreasing the density 
of the gas . As might be expected, how­
ever, naturc docs not yield so easily. 

In the first place, even with the best 
electrical condensers available today 
1 00,000 volts is about the maximum 
that can be handled, particularly in 
view of the enormous currents that are 
required in these experiments-hundreds 
of thousands if not million s of am­
peres .  The switching of voltages and 
currents of this magnitude is a major 
headache in electrical technology. In 
the secon d place, there i s  a limit to 
which one can reduce the dcnsity of 
the gas that is to be shocked by the shock 
wave; this is set by considerations of 
mean frec path. 

When it comes to determining the 
mean free path, the plasma of 

charged particles raises something of a 
paradox. The mean free path in an Ull­
ionized gas can be defined unambigu­
ously, since clectricallv neutral atoms 
and molecules do not interact over dis­
tances much greater than a few atomic 
or molecular diameters.  Di sregarding 
the effects of gravi tv, the particles in 
such a gas can be regarded as moving 
most of the timc in force-free space . The 
fully ionized gas presents quite a dif­
ferent picture, because each particle, 
whether it is an ion or an clectron, i s  
surrounded by a force field that extends 
theoretically to infinity. If th is  were ex­
actly true, the particles would always 
be interacting no matter how distantly 
they were separated. The collision mean 
free path would therefore be zero, or, to 
put it more correctly, the concept would 
be inapplicable to the plasma. 

A 11 is not lost, however, because the 
distance at which thc particl es interact 
effectively is a finite one .  What is morc, 
they enter into only a few heat-dissipat­
ing inclastic col l isions and tend to make 
many elastic collisions in which they 
exchange only small amounts of energy. 
Mathematical analysis shows that these 
collisions  usually occur at large sepa­
rations between the particles ; from these 
"distant encounter" collisions the col­
lision partners go off on paths not greatly 
different from those on which they col­
lided. The mean free path in a plasma 
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THETA PINCH is generated hy an electric current flowing circumferentially (curved arrow 

at right ) .  This generates a longitudinal magnetic field ( long arrows) and flows circum· 

ferentially ( two curved arrows) through the plasma (color) . The interaction of the mag· 

netic field and the plasma current in turn generates a radially imploding shock wave. 

therefore requires a special and some· 
what arbitrary definition : it is the dis· 
tance a particle must travel, on the 
average, before a series of distant­
encounter collisions turns its course 
through a right angle from its initial 
direction. Statistical analysis shows 

that the mean free path in a plasma 
is proportional to the square of the 
temperature and inversely proportional 
to the density. 

By analogy from the un-ionized gas, 
it can be argued that the thickness of the 
imploding shock wave generated by the 

HYDROMAGNETIC SHOCK WAVE may he produced when a Z.pinch discharge oc· 

curs in an already existing longitudinal magnetic field (straight black lines) . Although the 

discharge flow is indicated (black arrows), the conditions illustrated are those hefore dis· 

charge. Too little is known ahout this wave to make possihle any representation of the inter· 

action of the discharge field (see bottom illustration on page 1 1 6 )  and the longitudinal field. 
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pinch effect is related to the length of the 
mean free path thus defined. If any­
thing, this is an understatement; the 
thickness of the wave appears to be 
large. Because the vessel containing the 
plasma must be considerably greater in 
size than the thickness of the shock 
wave, if a shock wave is to be produced 
in it, the density of the gas cannot be 
reduced below a certain practical limit. 
Considerations of this kind underlie the 
only partly jocose estimate that the re­
action chamber of the thermonuclear 
reactor is likely to be the size of the 
Queen Mary . For the present the experi­
mental chambers must be of convenient 
laboratory size and practicable from the 
engineering standpoint; for example, 
they must be capable of containing a 
plasma with the density of a pretty good 
vacuum. The temperature attainable by 
shock-wave heating is therefore limited 
by the requirements of mean free path as 
well as by the ceiling on the voltages that 
can be built up in a modern condenser. 
Detailed calculations show that this 
maximum temperature is about two mil­
lion degrees K., which is not yet high 
enough to initiate significant thermonu­
clear reactions. 

There is still another chapter to the 
story, however, and this brings for­

ward a different kind of plasma shock 
wave, only recently recognized as such. 
Experiments with the pinch effect were 
plagued from the outset by unstable mag­
netic forces that distorted the plasma col­
umn, eventually causing it to break up. 
To counteract these forces and stabilize 
the plasma, it was found necessary to cre­
ate a magnetic field inside and along the 
axis of the column .  This "backbone" 
field is in place when the condenser bank 
is discharged and the shock wave im­
plodes radially into the preionized gas. 
The magnetic field and the inward-mov­
ing charged particles of the plasma now 
set up an electromagnetic interaction 
that changes the whole nature of the 
shock wave : it ceases to be a hydro­
dynamiC shock wave and becomes 
what is called a hydromagnetic shock 
wave. 

As a result of their interaction with 
the magnetic field the particles in the 
shock wave proceed to move in tight 
spirals around and along the magnetic 
lines of force. Associated with this cork­
screw movement are two important 
quantities : the number of revolutions per 
second ( gyro-frequency ) and the radius 
of the spiral ( gyro-radius ) . If the plasma 
density is so high that the number of 
distant-encounter collisions per second 
greatly exceeds the gyro-frequency, the 
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corkscrew motion is thwarted. If the 
plasma is tenuous and hot, as a ther­
monuclear plasma must be, the particles 
make many spirals before suffering colli­
sions. Such a plasma shows different 
properties in different directions; in par­
ticular the magnetic field constrains the 
particles to move along the lines of force 
rather than in directions that allow the 
dissipation of energy and momentum by 
the process of thermal conduction and 
viscosity. In the hydrodynamic shock 
wave thermal conduction and viscosity 
effects limit the steepening of the shock 
wave and ultimately the temperature 
attainable. The hydromagnetic shock 
wave is sufficiently tenuous to pre­
clude these effects. What, then, lim­
its its steepening? At present there 
is no satisfactory answer to the ques­
tion. Clearly whatever the answer turns 
out to be, the collision mean free path 
will not be a useful quantity to de­
scribe it. The situation is bizarre, to say 
the least. In the hydrodynamic shock 
wave such high temperatures as can be 
attained are generated by numerous col­
lisions in the-gas, the number rising in in­
verse ratio to the length of the mean 
free path. The hydromagnetic shock 
wave now confronts investigators with 
the task of explaining the generation of 
high temperatures by some process in­
volving practically no collisions at all; in 
other words, to the exclusion of every­
thing learned about heat from the kinetic 
theory of gases! 

The uncertain explanations of the "col­
lision-free .hydromagnetic shock wave" 
advanced so far do not merit examination 
here. One aspect of this theorizing de­
serves mention, however, on practical 
grounds. The shock wave thickness­
whether it is ascribed to the gyro-radius 
of the ions, the much smaller gyro­
radius of the electrons or yet other small­
er characteristic lengths-is always con­
siderably less than the collision mean 
free path of a plasma of the same density. 
It would therefore appear that hydro­
magnetic shock wave heating of a plasma 
can be managed under conditions where 
the collision mean free path is compa­
rable in size to or greater than the con­
tainer-provided that the characteristic 
thickness of the zone of high tempera­
ture in the wave, whatever it may 
be, is less than the dimensions of the 
vessel. The unsolved problems-and the 
promise-of this strange type of shock 
wave have inspired extensive theoret­
ical and experimental studies, although 
these waves are extremely difficult to 
produce in the laboratory. When they 
are better understood, man will no doubt 
find ways to use them. 
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Why so many? 
We admit it. 

Amphenol. more than any other 

connector manufacturer, accepts re­

sponsibility for confronting you with 

a seemingly endless selection of rack 

and panel connectors. 

There's a good reason. 

For some uses, a ten-contact con­

nector the size of an Idaho potato will 

do iust fine. In others, ten connections 

must be squeezed into a space no 

bigger than a jelly bean. Still other ap­

plications have unique requirements 

that relate to environment or mating 
force-even the technical skill of the 

operator. 

WHY WE DO IT 
We make a lot of different rack and 

panel connectors because it takes a 

lot to satisfy the wide range of appli­
cations. 

For example: the Amphenol Blue 

Ribbon® rack and panel connector 

is widely used in "blind" mating ap­

plications. Part of Blue Ribbons' pop­
ularity is due to the fact that they 

mate with a smooth and gradual 

wedge-like force. Because they mate 
so smoothly, the "feeling" of correct 

alignment is unmistakable. 

Another advantage of the Blue 

Ribbon design is the wiping action 

that occurs as connectors mate. Each 

time Blue Ribbons are mated, contact 

surfaces are wiped clean. Combine 

wiping action with high mated contact 

pressure, and the result is an extreme­

ly low-resistance connection. 

THINKING SMALL? 
As fine a connector as we know the 

Blue Ribbon is - if s just not right for 

the real tiny stuff. Thus, as miniaturized 

electronic equipment became popular, 

Amphenol engineers developed the 

Micro Ribbon® -a rack and panel 

connector utilizing the ribbon contact 

principle, but in as little as one-half the 

space. Further development produced 

a <;ircular Blue Ribbon connector 

which crammed 50 contacts into a 
diameter just under 3 inches. 

Also, there's the question of termi­

nating rack and panel connectors. 

Often, confined quarters or complex 

wired harnesses can tax the dexterity 

of even the most skilled worker. 

To solve this problem, Amphenol 

engineers developed rack and panel 

connectors with Poke-Home® con­

tacts. Poke-Home contacts make it 

possible to terminate conductors inde­

pendent of the connector. Contacts are 

crimped, soldered, or even welded to 

conductors, then inserted into the con­

nector. Besides simplifying assembly, 

Poke-Home contacts can be easily re­

moved after assembly should circuit 

changes or repairs later become neces­

sary. Needless to say, Amphenol rack 

and panel connectors with Poke-Home 

contacts (Min-Rac 1 7®, 93 and 94 
Series, for example) are popular items 

with engineers who are forced to think 

small, spacewise. 

BEATING THE ELEMENTS 
There's a need for environmentally 

resistant rack and panel connectors, 

too. High performance aircraft, missiles 

and space craft led to the development 

of Amphenol 1 26 and 2 1 7  Series en­

vironmentally sealed rack and panel 

connectors. (The 2 1 7  offers the added 

feature of Poke-Home contacts.) Other 

Amphenol rack and panel connectors 

can accommodate coaxial connectors; 

many can be supplied with hermeti­
cally sealed contacts. There are rack-to­

cable connectors available in every 

series. There are super-economy types 

and super-reliable types. 

So, when you have a rack and 

panel connector problem, contact an 
Amphenol Sales Engineer (or an au­

thorized Amphenol Industrial Distrib­

utor) . With the broadest line of rack 

and panels in the industry-if he can't 

solve it. no one can. If you prefer, 

write directly to Dick Hall, Vice Presi­

dent. Marketing, Amphenol Connector 

Division, 1 830 South 54th Avenue, 

Chicago 50, Illinois. 

Amphenol connectors shown on the opposite 

page are: l -Min-Rac 1 7  with (a) crimp-type 

contacts and (bl solder-type contacts 2-94 
S e r i e s  3-M i c r o- R i b b o n  4-1 26 S e r i e s  

Rectangu lar  5-93 Series 6-Blue Ribbon 

with  (a) barrier polarization, (b) pin polari­

zation and (c) keyed she l l  and barrier polar­

ization 7-1 26 Series "CN I "  8-1 26 Series 

Hexagonal  9-Circu lar  B lue  Ribbon 

(JM�:I@mD1 Connector Division / Ampheno l -Bo rg E lectro n ics Corporatio n 
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LICHEN TISSUE, synthesized in the author's laboratory, is com· 

posed of clumps of green algae enveloped by cells formed from 

fungal threads. The algae and fungus are those of the lichen Acaro· 

spora /uscata. They were isolated from the lichen, cultured sepa· 
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rately and then mixed together. Lacking other nutrients, the fungus 

was forced into association with the algae as in a natural lichen. 

The photomicrograph was made by the author five weeks after the 

combined culture was started. Magnification is 4.300 diameters. 
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THE FUNGI OF LICHENS 

Lichens are con1posite plants, assocIatIons of fungi and algae. 

The problem is to separate the two partners and study the fungi 

in isolation, and then to try to put the lichen together again 

O
ne of the main goals of the work in 

our laboratory is to synthesize an 
organism. Lest this seem too 

large an ambition-at a time when the 
successful synthesis of a molecular con­
stituent of a living cell is still an occasion 
for celebration-I should add at once that 
the organism .we are seeking to synthe­
size is a natural synthetic: the lichen. A 
lichen is a plant that is composed of two 
plants. One is an alga, an organism that 
manufactures its own food by photo­
synthesis; the other is a fungus, an or­
ganism that must depend on other organ­
isms, living or dead, for its food supply. 
The two together form a third entity 
<luite different in appearance and life 
history from either of its components 
and adapted to environments in which 
neither could thrive alone [see "Li­
chens," by 1. Mackenzie Lamb; SCI­
ENTIFIC AMERICAN, October, 1959]. 

The success of the union is indicated 
not only by the abundance and wide dis­
tribution of lichens but also by the fact 
that fungi and algae must have come to­
gether more than once in the course of 
evolution to produce some 15,000 species 
of lichens. A number of different species 
of algae and an even greater diversity of 
fungi have entered these partnerships. 
The algae appear to be the least affected 
by the association; their behavior in cul­
tures suggests that all of them can, and 
probably do, exist alone in nature. On 
the other hand, there is little evidence 
to suggest that the lichenized fungi exist 
in the free-living form. In the lichen it 
is the fungus that forms the thallus­
the principal structural tissue-and de­
termines the nature and shape of the 
composite plant. As the dominant part­
ner the fungus also produces the fruiting 
bodies. Although the fruiting body does 
not furnish the exclusive or even the 
principal mode of reproduction in all 

by \' ernon Ahmadjian 

species, it does serve to identify the fun­
gal class from which the lichenized fun­
gus came, and it is the structure on 
which most lichen names are based. 

The synthesis of a lichen in the lab­
oratory obviously requires the prior cul­
tivation of its fungus in independence 
of the alga that sustains the existence of 
the composite plant in nature. This task 
in itself presents a host of problems with 
which a good part of the effort in our 
laboratory at Clark University has been 
preoccupied. Actually it is a fairly simple 
matter to make the fungus grow in a 
culture medium. The growth is amor­
phous, however, and bears little resem­
blance to the organized structure that 
characterizes the fungal tissue of the li­
chen. Nor do these cultures show any but 
the most remote signs of giving rise to 
fruiting bodies. Because so little study 
has been done along these lines-other 
investigators have been discouraged, 
no doubt, by the slow pace of lichen 
growth-our work is largely exploratory. 

vVe have cultured the fungi of hun­
dreds of species of lichens. Among these 
we have found some that show promising 
resemblance in the culture dish to cer­
tain free-living fungi and a few that are 
more responsive to our efforts to stimu­
la te their growth through their full life 
cycle. We have begun to identify certain 
of the more critical elements in the nu­
trition of the fungi that are supplied 
by the associated algae and, on the out­
put side, have found that the laboratory 
cultures secrete chemical compounds 
similar to those produced by intact li­
chens. The latter finding may even have 
practical significance. Lichens are well 
known to certain folk cultures, particu­
larly in Scandinavia, as a source of dyes 
and medicinals; modern research has 
shown that specific lichen acids are in­
hibitory to particular kinds of bacteria, 

viruses and free-living molds. Our iso­
lated fungi grow faster and apparently 
produce these substances at a greater 
rate than they do in the lichenized state. 
Finally, we have induced one fungus to 
enter into a federation with algal cells, 
forming a union from which both mem­
bers gain some benefit and that is in 
fact the preliminary phase of the natural 
association. 

�though the great 18th-century Swed-
ish botanist Carl von Linne (Lin­

naeus) called lichens the poor trash of 
the plant kingdom, these plants won their 
share of attention during the classical 
period of biology, when questions of 
taxonomy were foremost. Lichens were 
being named even before the discovery 
(in 1867) of their dual nature. Repre­
sentatives of three major classes of 
fungi enter into the formation of lichens. 
The majority of forms are derived from 
the Ascomycetes, or sac fungi; their 
name comes from the word "asclls," 
designating the sac that contains the 
spores produced by sexual union. The 
Deuteromycetes, or "imperfect" fungi, 
which form asexual spores, or conidia, 
rather than sexually generated spores, 
are represented in a dozen or more 
genera of lichens. From the Basid­
iomycetes, a group that includes the 
mushrooms, come three genera of lichens 
found solely in tropical regions. A fourth 
class of fungi, the Phycomycetes, which 
includes the common bread mold, is said 
to be represented in one genus of lichen, 
but there is doubt as to this finding. 

Manv of the more familiar lichens 
have apparently come to occupy their 
vast ranges of distribution largely by 
vegetative reproduction, that is, by the 
scattering of fragments of thallus con­
taining algal cells. In a few lichens, cells 
of the algal partner are borne within the 
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fruiting tissue as well as in the thallus. 
These algal cells, which are much small­
er than those in the thallus, are carried 
along by the discharged spores and are 
therefore on hand to initiate the growth 
of the composite plant when the environ­
ment provides the right conditions. A 

c 

major mystery of nature is presented, 
however, by tbe reproduction of lichens 
from sexual spores and asexual conidia 
generated and liberated by the fungal 
tissue alone. Somehow these spores must 
find and join with a suitable free-living 
algal form in order to grow into a lichen. 

UPPER 
CORTEX 

ALGAL 
LAYER 

MEDULLA 

UPPER 
CORTEX 

ALGAL 
LAYER 

MEDULLA 

LOWER 
CORTEX 

RHIZINAE 

UP PER �S';'2&&G'0-;O;:S 
CORTEX 

ALGAL 
LAYER 

MEDULLA 

LICHENS are of three major types. Crustose lichens (a) grow as flat patches adhering 

closely to rock or bark. The foliose type (b) is branched and leafy in form and is attached 

to its substrata more loosely, by rootlike growths. Fruticose lichens are either pendulous 

strands or, as in the drawing at c, hollow upright stalks. The diagrams at the right show 

vertical sections of crustose and foliose lichen tissue and a horizontal section of a fruticose 

stalk. The tissue is composed of algae (color) and branched fungal threads, or hyphae. 
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The formation of this union-an event 
that must take place rather commonly 
on a microscopic scale-bas not been ob­
served in a satisfactory manner under 
normal conditions. 

In the laboratory the discharged 
spores offer the surest and simplest 
means of initiating the culture of a lichen 
fungus. We soak a lichen specimen in 
water and remove from it one or more 
fruiting bodies, which we affix with a 
dab of petroleum jelly to the inside of a 
culture-dish cover. On the bottom of tbe 
dish we spread a sterile layer of agar, 
which is sometimes fortified with soil 
nutrients. In time the spore sacs of the 
fruiting bodies rupture either because 
of an increase in internal pressure due 
to the wetting or-more frequently-be­
cause the sacs �hrink as they dry. The 
bursting sacs eject the spores forcibly 
and usually in great abundance onto 
the agar layer below them. 

The rate of spore discharge and of the 
subsequent germination varies widely. 
Some species liberate spores within min­
utes after their washed fruiting bodies 
are affixed to the cover, and other species 
take from two to 24 hours. Germination 
takes another two hours in the genus 
Cladonia-which is among the common 
fruticose, or stalk-forming, lichens-and 
as much as 24 hours in other genera. 
One general observation we have made 
is that spores from the crustose, or flat, 
lichens germinate more readily and have 
a more rapid initial growth rate than 
spores of the foliose, or leafy, species. 
One might expect this because the crus­
tose lichens adhere so closely to their 
substratum that the chances of vegeta­
tive propagation by fragmentation are 
less than in the loosely attached leafy 
forms. 

The progress of germination can be ab-
o served without opening the culture 

dish by inverting the dish on a micro­
scope stage and examining the spores 
through the agar under low magnifica­
tion. One can transfer germinating 
spores to a culture tube either by cutting 
out a block of agar with spores on it or 
by flooding the dish with sterile water 
and picking out suspended spores with a 
capillary or micropipette. 

The discharged spores of about 50 per 
cent of the species subsequently fail 
to germinate. Our attempts to induce 
germination in dormant spores by alter­
ing the medium or changing the acidity 
or temperature have not been successful. 
Among the species whose spores germi­
nate, the rate of germination ranges from 
more than 90 per cent to less than 1 per 

© 1963 SCIENTIFIC AMERICAN, INC



cent. Temperate Zone lichens, we have 
found, discharge their spores more read­
ily in the early spring and fall, and their 
spores in turn germinate at a higher rate 
in these seasons. A significant exception 
to this rule is the North American lichen 
Hydrothyria venosa, which grows on 
rocks that are submerged most of the 
year in fresh-water streams but are ex­
posed during the summer months. This 
lichen discharges its spores, even in the 
laboratory, only in July. 

In the case of lichens that have not 
yielded germinating spores or that have 
no fruiting bodies at all, we have been 
able to isolate the fungi by dissecting 
out bits of purely fungal tissue from the 
thallus. Even though the algal com­
ponent can be excluded, contamination 
presents a serious problem when this 
method is employed. One cannot be sure 
that the culture represents the true fun­
gal component of a lichen and not a con­
taminating fungus that has lodged in 
the thallus. 

The growth and development of the 
isolated lichen fungi vary from species to 
species but, like their parent lichens, 
most of the fungi grow very slowly. In 
some instances it takes a year or more for 
a colony to attain a diameter of one mil­
limeter. Fortunately many of the fungi 
grow more rapidly, producing colonies 
several millimeters in diameter, with a 
dry weight of some 15 to 20 milligrams, 
within two weeks or a month. 

The most striking thing about these 
cultures is that the isolated fungus usu­
ally looks not at all like the lichen from 
which it came; it forms only an amor­
phous clump of tangled hyphae, or fun­
gal filaments [see bottom illustration on 

next page J. A few cultures do have a 
sheetlike or partially upright form sug­
gestive of the original lichen, but even 
these show no hint of the spongy texture 
of lichen tissue. The colonies· are compact 
and so hard that it is sometimes difficult 
to cut them. They vary in size, shape and 
color. In many tropical and some Tem­
perate Zone species the hyphae bear a 
thick gelatinous sheath, which in the 
intact plant must help to resist drought 
by absorbing and retaining water. 

The absence of characteristic fungal 
spores in most of our cultures makes it 
difficult to relate the lichen fungi to any 
free-living forms. Some few cultures, 
however, have produced asexual conidia, 
suggesting an affinity to the Deuteromy­
cetes. This is intriguing because in the 
past careful study has often revealed a 
previously unrecognized sexual stage in 
the life cycle of a supposedly imperfect 
fungus, and the species has thereupon 

VEGETATIVE PROPAGATION is the surest means hy which lichens multiply. One such 

method is hy the breaking off of particles, or soredia, composed of fungal threads and algae. 

FRUITING BODIES, the typical structures of sexual reproduction in fungi, are found in 

most lichens but not, as yet, in isolated lichen fungi. Within each fruiting body there are 

a large number of bulbous sacs containing the reproductive cells, or spores. Even when 

the fruiting body has algal cells in its rim, as in this case, the spores are purely fungal. 

ASEXUAL SPORES, or conidia, form along fungal hyphae or at their tips, and break off to 

start new colonies. Conidia have been found in many fungi but in only one lichen. 
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FUNGAL SPORES are shown in a section, magnified 2,500 diam· 

eters, of a fruiting body of the lichen Buellia stillingiana. The 

spores are ready for discharge from the two spore sacs, or asci. 

CULTURED MYCOBIONT, or isolated fungus, of Cladonia crista· 

tella has grown for six months on an agar medium. The colony 
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GERMINATING SPORES (genus Lecanora) are shown a day or 

two after discharge, magnified 2,000 diameters. Food droplets nour· 

ish the germ tubes until they reach a new source of nourishment. 

measures about lJ� inches in diameter and 1/2 inch in height. It is 

a mass of hyphae, typically amorphous in shape and structure. 
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been reclassified as a "perfect," or fruit­
ing, type. This suggests the possibility 
that some lichen fungi are really free­
living imperfect fungi, for the most part 
undetected as such in nature, that attain 
a fruiting stage only by entering into the 
lichenized state with algae. Separation 
of the lichen fungus from its alga would 
cause it to revert to the imperfect phase 
of its life cycle; this would explain the 
absence of fruiting bodies in the cultures 
and also account for the appearance of 
conidia in a few cases. 

We have found conidia in the cultures 
of two lichen fungi out of 500 cul­

tured in our laboratory. Mason E. Hale, 
Jr. , of the Smithsonian Institution has re­
ported one other such case. The most 
consistent producer of conidia is the 
fungus isolated from Lecidea sylvicola, 
a lichen commonly found on exposed 
rocks in the northeastern U.S. In cultures 
of this fungus we regularly find small, 
colorless single-celled conidia that have 
budded off from hyphae in groups that 
form gelatinous masses on the surface of 
the colony. This is just the way the free­
living imperfect fungus Aureohasidium 

1 

2 

(or Pullula1"ia) pullulans produces its 
conidia. An extremely common fungus, 
notable for its appearance in a variety of 3 
forms and in different habitats, Aureo­
basidium has been observed to enter into 
a loose temporary association with algae 
on tree bark. It would not be surprising, 
therefore, to find such a variable and 
adaptable fungus forming a lichen asso­
ciation. 

Proceeding on the hypothesis that as­
sociation with the alga in the lichen­
ized state causes these fungi to attain 
the perfect stage and produce fruiting 
bodies, we have tried adding in one in­
stance the proper alga or an extract of 
thc alga to the culture medium on which 
its fungal partner was growing. One ex­
tract, obtained by centrifuging disrupted 
algal cells at 8,000 times the force of 
gravity, caused small rounded structures 
to erupt on the surface of the fungus. 
The structures resembled lichen fruiting 
bodies in shape and color. Still in prog-
ress, this experiment is promising but 
not yet conclusive. 

4 

In our culture collection some 15 iso­
lated fungi have been observed to pro­
duce chemical compounds identical with 
or closely related to those produced by 
the same fungi in intact lichens. These 
metabolic products usually appear as 
conglomerations of amorphous or crystal. 
line particles that form saucer-shaped 
structures on the colony or on the surface 
of the agar near the fungus; those pro-

LICHEN FUNGUS is cultured by aJJowing its spores to germinate. A lichen (11 is soaked 

in water and a fruiting body (rightl is removed and affixed to the top of a cuJ�ure dish (2). 
The spore sacs rupture (right), spewing spores onto the agar layer in the bottom of the 

dish. After some spores have germinated, a block of agar with spores on it is excised (3). 
Transferred to a culture tube (4), the spores grow into a mass of fungal threads (right). 
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CONIDIUM that has budded on a hyphal fragment of the isolated lichen fungus Lecidea 

sylvicola is magnified 4,000 diameters in this dark·field photomicrograph. Conidia formed 

by this mycobiont are similar to those of the imperfect fungus Aureobasidium pullulans. 

CONIDIA have been found in only a few other cultures. This one, magnified 3,500 diam· 

eters, is at the tip of a fungal thread in a culture of Phaeographina julgurata, a Hawaiian 

species. The photomicrograph, like the others in this article, was made by the author. 
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duced by one species take the form of 
needle-like crystals several millimeters 
in length that radiate from the colony. 
The fungus of Acamspora smamgdtda 
excretes a compound that is identical in 
many respects with usnic acid, a material 
with potentially significant antibiotic 
properties. The fungus of Candelariella 
vitellina produces a pulvic acid de­
rivative-pulvic anhydride-that is also 
found in the natural lichen. Hempstead 
Castle and Flora Kubsch of Yale Uni­
versity have extracted rhodocladonic, 
usnic and didymic acids, which occur in 
the lichen Cladonia cristatella, from a 
pure culture of its isolated fungus. 

Many of our cultures also produce a 
variety of pigments, most commonly red, 
yellow, brown or purple, some of which 
pass out of the filaments and color the 
surrounding medium. Such readily de­
tectable substances, in the present ex­
ploratory phase of our work, serve as 
indices for study of the role of vitamins 
and other nutritional intermediates, and 
the effect of variation in temperature, in 
acidity and in carbon and nitrogen sup­
ply on the metabolism of the isolated 
fungi. Colorless and noncrystalline com­
pounds may also be present but would 
be revealed only by a systematic search, 
which we have not yet undertaken. By 
accident we found recently that several 
Temperate Zone lichen fungi produce 
visible compounds after being stored for 
three months at 41 degrees Fahrenheit; 
this suggests that the low temperatures 
of winter play a role in the formation of 
lichen acids. 

�oking to our ultimate objective of 
the formation of a fully developed 

lichen, we have undertaken to culture 
the intact organism under close observa­
tion in the laboratory. We cut small disks 
from a Cladonia thallus and place them 
on filter paper wetted in a mineral solu­
tion. A few of the disks (12 out of 300 
in one trial) have produced the stalks, 
called podetia, that bear the fruiting 
bodies of this genus [see upper illustm­
tion on page 130]. Some species of 
Cladonia have generated distinct juve­
nile fruiting bodies on the tips of these 
stalks. If we can determine what specific 
factors-including seasonal variations of 
temperature and light as well as nutri­
tional elements-influence the formation 
of podetia and fruiting bodies, it may 
then be possible to stimulate the forma­
tion of similar structures in the isolated 
fungi. We have already been encouraged 
by the appearance of rudimentary but 
distinct podetia-like outgrowths in cul­
tures of two Cladonia fungi; they bore 
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no fruiting bodies, but they were the 
nearest thing to differentiated structures 
attained in such cultures [see lower illus­
tration on next page]. The stalks ap­
peared, however, only in initial cultures 
from the lichens; when small fragments 
of the colonies were recultured, the 
stalks failed to appear. 

Our direct attempts at synthesis have 
shown, as did earlier investigations 

by the Swiss botanist E. A. Thomas, that 
a lichen association is formed only as a 
matter of necessity, when the alga and 
fungus need each other. Even an estab­
lished lichen tends to dissociate under 
favorable conditions of moisture and nu­
trition. When there is an excess of 
moisture, the algae simply grow out of 
and away from the fungus, and an over­
abundant food supply makes the fungal 
tissue outstrip the algae. Steady lichen 
development involves continuous bal­
anced growth of the two partners, a fact 
that explains the slow growth of the 
lichen. 

Accordingly, when we bring the fun­
gus and the alga of a lichen together in 
a culture in the hope that they will form 
an association, we deliberately starve 
them. Our procedure is to mix the two 
components by means of a blender and 
then introduce the resulting mixture into 
a culture medium of purified and there­
fore quite unnutritious agar. The Bask is 
illuminated so that the algae can photo­
synthesize, but the situation is neverthe­
less one in which neither component can 
survive alone for any length of time. For 
a time the fungal hyphae and the algae 
live on stored nutrients and the extruded 
contents of cells that have been disrupted 
by the shearing action of the blender. 
Then the elongating hyphae begin to 
make contact with the algal cells and 
gradually encircle them. This in itself 
is not conclusive because the initial out­
growths, or germ tubes, from the spores 
of lichen fungi will encircle any small, 
rounded objects in their path, including 
grains of sand and tiny glass beads. In 
contact with compatible algal cells, how­
ever, the filaments continue to grow and 
form dense networks that begin to ap­
proximate the structure of lichen tissue. 
The network of fungal threads even dif­
ferentiates somewhat into more or less 
dense layers, and the algal cells become 
localized as they do in an actual lichen 
thallus. 

So far we have not produced a well­
developed lichen with fruiting bodies. 
Nonetheless, the successful cultivation 
of lichen tissue has given us a means of 
studying the interrelation of the fungus 

Sometime soon a research scientist - you, 
perhaps - may stand at precisely the spot 
where a steelworker stands in the photograph 
above. Laboratories, conference rooms, audi­
torium and technical library are rapidly 
taking shape. When completed, new con­
struction, interconnected with our present 
laboratory and computational center com­
plex, will provide twice the area for research 
in the physical sciences. 

With major facility expansion, we expect to 
broaden and intensify our basic research 
activities. 

May we discuss your scientific field of 
interest with you and tell you more about 

-----------------------1 , , , , , , 
i PHYSICS i 
i (theoretical and i 
i experimental) i 
: Plasma : , , 
: Gaseous : , , 
: Nuclear : , , 
i Solid State i 
i Low Temperature i 
: Physical Electronics : , , 
.: Experimental : i Electron Optics i· 
: Coherent : 
: Radiation Studies : i Noise Theory i 
: and Measurement : 
: I 
: MATERIALS : 
: : 
: Ceramics : 

i High Temperature i 
: Ultra High-Pressure : 
: Techniques : 
\ I 
, ' 
: CHEMISTRY : 
i Chemical Kinetics i 
: I 
: Quantum Mechanics : 
: Surface Physics : 
: I, , Life Support , 
: System Studies : , , , , , , '-----------------------.:. 

the advantages of a R 0 OIIES position on our staff? ESEAICH LAB lA' 
Call or write Mr. E. U 400 Main Street, East Hanford B, Conn. 

B. Ciriack . . '. 

V"'TOO ·'�·Aco.�.,,,o,, 

an equal opportunity employer 
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3 Practical 
approaches to 
programming 

These basic t ypes of Ind ustrial 

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 control 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 b r u s h  a n d  c o n t a c t  r e a d i n g  

assembly. Bulletin #l00 

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 

IBM Type Card Reader Statically 

reads standard I BM card. Provides 

simultaneous access to all  960 

contact pins on output side of card. 

Bulletin n01 

Do you have a timing problem? If so, 

we'd like to hear about it. In any 

case, write for one of our catalogs. 

1. Timing Controls-50 pages. 
2. Relays-30 pages. 
3. Photographic Products-18 pages. 

INDUSTRIAL 
TIMER CORPORATION 

103 U.S. Highway 287, Parsippany, N. J. 
In Canada: Sperry Gyroscope Ottawa Limited. Ont. 

These products can be seen in booth 1212·1214 IEEE show 
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and the alga. We find that both partners 
benefit from their association in the cul­
ture. The fungus gets food and vitamins 
from the alga in return for minerals and 
protection from high light intensity. We 
are now developing techniques to trace 
the transfer of metabolites from one to 

the other with the aid of radioactive 
isotopes. 

The difficulties involved in attaining 
a complete synthesis raise a nagging 
question: Just how frequently does a 
fungal-algal synthesis occur in nature? 
Some investigators have suggested that 

PODETIUM, a fungal stalk, emerges from a disk cut from a lichen (Cladonia coniocraea). 
The dark area is the algal layer and the light area at the bottom is the medulla, the purely 

fungal region in which the podetium originated_ The specimen is enlarged 90 diameters. 

RUDIMENTARY PODETIUM produced by the mycobiont Cladonia piedmontensis repre­

sents the most differentiation yet attained by an isolated lichen fungus; the next stage, the 

formation of fruiting bodies, has not been reached. The magnification is 90 diameters. 
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What's Different About 

MOTOROLA'S 

SILICON EPITAXIAL 

Transistors? 

1 Epit"i,l g>"Owlh of ,ili,on i, ,n ""bH,h," 
part of fabrication technology for advanced­
performance silicon epitaxial planar transistors. 
Yet in the industry today, Motorola is the only 
manufacturer of silicon transistors that grows all 
of its own epitaxial material. 

And, this makes a big difference ... 

In-process quality control checks are 
performed throughout the highly critical epitaxial 
growth process . .. at Motorola. Control of 
resistivity and epitaxial film thickness is closely 
maintained ... at M otoroi'a. Because of this 
exclusive capability, Motorola is the only 
semiconductor manufacturer in a position to 
control every stage of its silicon epitaxial devices 
-from basic raw material to finished transistor. 
This total "in-house control" is why Motorola is 
able to supply the industry's highest-quality 
silicon epitaxial transistors. 

To date, Motorola has processed more than 
one million epitaxial wafers since it introduced 
the first epitaxial transistor two years ago. 
But, unequalled experience in epitaxy isn't the 
only difference ... 

New approaches to various geometries for 
the junctions ot transistors now under 
consideration promise to advance even further 
the performance capabilities of silicon transistors. 
Already the Motorola StarO transistor and its 
four-pointed pattern, optimizing the perimeter-to­
area ratio of the transistor active region, is 
providing the finest high-current, high-frequency 
performance combination of any transistor today. 

New silicon devices in development at 
Motorola ... including an all-epitaxial field effect 
transistor ... promise an even greater flexibility in 
semiconductor application, bringing the 
recognized advantages of epitaxial semiconductor 
components to entirely new markets. 

If you haven't tried Motorola's silicon 
epitaxial transistors in your most demanding 
circuits, we'd welcome the opportunity to prove 
their performance. 

You'll be pleased with the difference. 
*Trademark of Motorola Inc. 

IMI '!!!,�}::.I!���cA 
A SUBSIDIARY OF MOTOROLA INC. 

5005 EA5T McDOWELL ROAD • PHOENIX 8, ARIZONA, 

5-122_004 
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how to 
brighten 
the 
batch 

For now we see through a glass, 
darkly • • •  Whether your liquid 
contaminants are dissolved or col· 
loidal they darken the sales appeal 
of your product. Granular or pow· 
dered activated carbon decoloriz· 
ing will brighten the batch when 
nothing else will. You'll face clear 
profits through the glass. 

how to 
blow � 
a buck �<S 

Dry cleaners blow dollar5 back 
into their pockets with activated 
carbon solvent recovery systems. 
Perchlorethylene vapors are lost 
to the air from the cleaning mao 
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 your operation. 

how to ·'�/./ 
speed a �� 
rea ct ion �\"-

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 - reo 
moves odors and impurities. Write 
f o r  Bul letin 60-6A. Ba rnebey. 
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 

132 

lichens may not multiply by spore ger­
mination and reassociation with the ap­
propriate algae but only by vegetative 
propagation. The view is supported by 
the fact that algae of the kinds found in 
lichens are not abundant in the free­
living state, and the chance that a ger­
minating spore will happen to meet one 
does not seem great. Certainly vegeta­
tive processes are more dependable. My 
impression, however, is that the fruiting 
bodies and their spores also play a part 
in lichen multiplication. 

T he spores, after all, do germinate, 
form hyphal threads and survive. Our 

experiments have shown that a lichen 
fungus can persist in isolation for a long 
period of time and still retain the ability 

to enter into a union with algae. There is 
evidence from the field that certain types 
of fungi live in loose association with 
colonies of algae. These may be the fungi 
of lichens living, as it were, in "trial mar­
riages" with various types of algal cells 
before linking up with their proper algal 
mate and forming a lichen. As for the 
lichen algae, although they are not found 
in large colonies in nature, they do turn 
up in small, isolated groups among other 
algae. Perhaps by their very nature they 
are unsuccessful in the free-living state 
but highly adapted to the lichen associa­
tion. The problem of reproduction is only 
one of the many open questions in the 
biology of lichens that we hope to an­
swer by studying the fungi that domi­
nate these unique plants. 

CRYSTALS of a compound excreted by the mycobiont Lecidea atrocinera are enlarged 100 

diameters. They appeared on the surface of the colony during three months' storage 

at 41 degrees Fahrenheit. The composition of this metabolic product is still undetermined_ 
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FROM ASTROLABE TO' APOLLO 

Astrolabe (1st Century B.C.)-A Greek invention long used by Arabs and Europeans to provide astro­

nomical sightings, The Astrolabe is a predecessor to today's sextant. (Cranbrook Institute of Science) 

GUIDANCE BY AC MEANS-
ACCURACY, LOW COST, RAPID DEVELOPMENT, EARLY DELIVERY 

The dream to navigate through space is as old as man, and today that dream is 

nearing reality_ The capability to turn ideas into reality is found at AC_ AC's ability 

to produce accurate systems in rapid time, at low cost with early delivery is now 

being applied to Guidance Systems for the USAF TITAN II and III, NASA's APOLLO 

Program and POLARIS inertial instruments, as well as providing Weapon System 

Integration and Bombing Navigational Systems for SAC aircraft 

AC welcomes the opportunity to assist you with its proven experience, facilities and 

manpower in system development, production and management 

APOLLO PROGRAM-AC will fabricate the inertial plat­

form, with associated electronics, gyroscopes and ground 

support and checkout system, AC will also have responsi­

bility for assembly and test of all navigation components, 

MASTER NAVIGATORS THROUGH TIME AND SPACE 

AC SPARK PLUG • THE ELECTRONICS DIVISION or GENERAL MOTORS 
7929 South Howell, Milwaukee I, Wisconsin 
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THE CLOCK PARADOX 

This celebrated consequence of the special theory of relativity is that 

two clocks that are moving with respect to each other run at different 

speeds. The effect rests on nothing other than the Pythagorean theoren1 

T
he paper in which the young 
Albert Einstein in 1905 set out the 
special theory of relativity con­

fronted common sense with several new 
and disquieting ideas. It abolished the 
ether, and it showed that matter and 
energy are equivalent. The new ideas 
derive from the central conception of 
relativity: that time does not run at the 
same pace for every observer. This bold 
conception now lies at the heart of 
modern physics, all the way from the 
atomic to the cosmic scale. Yet it is still 
hard to grasp, and the paradoxes it 
poses continue to puzzle and to stimulate 
each generation of physicists. The most 
searching is the paradox of two identical 
clocks that separate on different jour­
neys. How do the times on the two clocks 
compare on their journeys? And if the 
clocks meet again, can they show dif­
ferent times? This is the famous clock 
paradox, which I shall analyze. 

Einstein's remarkable paper begins 
with two axioms. One is the axiom that 
two observers, each of whom appears to 
the other to be moving with a constant 
speed in a straight line, cannot tell which 
of them is moving. The second axiom is 
that when both observers measure the 
speed of light, they will get the same 
answer. 

Neither of these axioms was new in 
itself. The first, the axiom that (to put it 
roughly) all uniform motion is relative, 
had long been implicit in the accepted 
laws of mechanics. The second, the 
axiom that (again to put it roughly) the 
speed of light comes out the same in 
avery experiment, was beginning to be 
accepted as the natural interpretation of 
the finding by A. A. Michelson and E. W. 
Morley in 1887 that the speed of light 
(roughly 186,000 miles, or 3 X 105 kilo­
meters, per second) is not changed by 
the movement of the earth-by the move-
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by J. Bronowski 

ment, that is, of the laboratory in which 
it is measured. 

What was new, then, in Einstein's 
analysis was not one axiom or the other 
but the confrontation of the two. They 
form the two principles of relativity not 
singly but together. This is how Einstein 
presents them jointly at the beginning of 
his paper. 

I t follows at once from the two axioms 
combined that we have to revise the 

traditional idea of time. By tradition we 
took it for granted that time is the same 
everywhere and for everyone. Why not? 
What reason had we even to speculate 
that time might run differently for me 
writing at my desk and for you reading 
this on the train? It had seemed natural 
to assume that time is a universal "now" 
for every traveler anywhere in the uni­
verse. 

But time cannot run at the same pace 
for two observers, one of whom is mov­
ing relative to the other, if they are to get 
the same speed when they time a beam 
of light that is moving with one of them. 
The path of the beam of light does not 
look the same to the two observers. Since 
the beam is moving with one observer, 
it seems to the other to be taking a longer 
path; and if the speed of light is to re­
main the same, the longer path must 
seem to take a longer time. To the ob­
server to whom the path of the beam 
looks longer, the time the beam takes 
on its path must also seem longer: time 
must pass faster for him. 

Let me put this in concrete terms. 
Think of a moving laboratory as simple 
as possible: a railroad car. Put yourself 
on one side of the car and look at a 
match struck on the other side. To you 
the light from the match seems to have 
come straight across the car. But a man 
who is watching the train go by sees the 

light from the match take a longer path 
before it reaches you. He sees you mov­
ing along the track, and the light cross­
ing diagonally from the point where the 
match was struck to thc point you have 
reached when the light arrives. The 
two paths-the path you see and the 
path the bystander sees-can be de­
scribed by names that come (Iuite early 
in the school geometry books. You see 
the path of the light from the match to 
you as the altitude of a triangle, and the 
bystander sees it as the hypotenuse of 
the same triangle, whose base is the dis­
tance your train travels while the light 
crosses to you. Since the speed of light is 
to be the same for both of you, it follows 
that the light must seem to take longer 
for the bystander than it does for you. 
Time passes faster for the bystander 
than for the traveler. 

Moreover, we can work out the I'ate 
at which time passes for the two with 
nothing more sophisticated than the 
school geometry book to help us. Since 
the traveler and the bystander find the 
same speed of light, time passes slower 
for the traveler than for the bystander 
exactly in the ratio of the distances they 
see the light travel: in the ratio, that is, 
of the altitude to the hypotenuse. This 
is the classical formula of relativity: time 
passes slower for the traveler in the ratio 

v c" - v" : c .  

In this formula c is the hypotenuse of 
the triangle, v is the base and the radical 
is the altitude, calculated by the theorem 
of Pythagoras. As the formula is written, 
c also stands for the speed of light and v 
for the speed of the train [see illustration 
on page 140]. 

There is no good reason for having 
the formula here, for we are concerned 
only with the fact that time passes slower 
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THE YOUNG EINSTEIN posed for this photograph while he was 

a student at the Federal Institute of Technology in Zurich. Einstein 
was graduated in 1900 and five years later he published his 

special theory of relativity, which gave rise to the clock paradox. 
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for the traveler, not with how much slow­
er. But I cannot resist deriving the for­
mula, because the thought is so simple: 
it rests on nothing but the dimensions of 
a right-angled triangle, as Pythagoras 
calculated them. The fundamental for­
mula of relativity comes from none other 
than Pythagoras. 

It is appropriate that Einstein records 
in his autobiography the excitement he 
felt, the sense of the power of mathe­
matics, when an uncle told him the theo­
rem of Pythagoras when he was 10 or 11 
and he proved it  for himself. As for Py­
thagoras, he had offered up 100 oxen 
to the Muses when he discovered the 
theorem. 

T ime passes slower for the traveler 
than for the bystander: that is a 

necessary consequence of the two 
axioms of relativity being taken together. 
I must emphasize that here time is con­
crete, a succession of physical events as 
visible as the sweep of the hands of a 
clock. We are not discussing some intan­
gible feeling, the impatience of a traveler 
who wants to get on and to whom every-

a 

c 

thing seems to be moving too slow. The 
passage of time in relativity is measured 
by physical processes: the rotation of 
clock wheels, the movement of atoms, 
the decay of unstable particles. For ex­
ample, we know by observation how 
long a meson of one kind survives from 
the instant of its creation to its disin­
tegration if it remains at rest. We also 
know by observation how long the same 
kind of meson survives when it is travel­
ing at high speed. The traveling meson 
lives longer, in our time, than the meson 
at rest. The traveling meson, of course, 
is not aware that it is traveling and that 
time is passing faster for us. 

The evidence is unassailable: physical 
processes go slower in objects when they 
travel at high speed. There was no way 
of knowing this when Einstein wrote in 
1905, yet new discoveries in physics 
(such as the mesons) have borne out his 
prophecy. 

There is an awkward duality, how­
ever, in this statement that time-a suc­
cession of events in a physical process­
passes slower for the traveler than for 
the bystander. Does the traveler really 

I'> 

-I-I-t--I- I---t----t----!---- --l 

1- 1 -1-1-1-1 1-1-1-1-1- 1- 1 1 � 

THREE TYPES OF RELATIVE MOTION discussed iu the text are represented here in 

highly schematized form. Only one (a) satisfies the conditions of the first axiom of relativ· 

ity: Two observers cannot tell which of them is moving if each seems to the other to be 

moving in a straight line (arrow) and at a constant speed (the distance between any pair of 

vertical crossbars represents some arbitrary unit of time), and they will never meet again. 

Two observers who separate and meet again are able to tell which of them is moving 

and which is at rest, but they cannot fulfill both conditions of the first axiom. Taking as the 

standard the reference system of one observer (lower arrow in b and c), who is therefore 

"at rest," the path of the traveler must curve if his speed is constant (b) ; or, if he is traveling 

in a straight line, he must turn back at some point, which first requires him to decelerate (C). 
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know that he is travclillg? Does the by­
stander know that he is standing still? 
After all, you in your railroad car may be 
wrong: the train may be standing still 
and the man outside may be the one 
who is moving. The meson that seems to 
us to be traveling at high speed may in 
fact be at rest, and it may be we in the 
laboratory who are hurtling past it. In­
deed, is there any sense in saying that 
one of us is at rest and the other moving, 
as if either of thesc descriptions was 
absolute? Surely the first axiom of rela­
tivity says that we cannot tell which 
of the two of us is the traveler and which 
the bystander? Is not the relation be­
tween two observers lluite symmetrical? 

The first axiom of relativity does not 
say exactly this; and these objections are 
valid only if we stick exactly to what it 
says. What the first axiom does sav is 
th�lt when two observers are moving at 
a constant speed in a straight line, each 
relative to the other, neither can tell who 
is moving and who is standing still. The 
relation between two observers is sym­
metrical if, and onlv if, each seems to 
the other to be m�ving at a constant 
speed in a straight line. 

Two such observers-for example, YOll 
in your railroad car and the man watch­
ing the train go by-are indeed in an odd 
relation. vVhen you do an experiment to 
measure the speed of light in �'our car, 
the man watching the train sees the light 
take a longer path than you do; your 
clock therefore seems to him to run 
slower than his. But if he does an experi­
ment in his laboratory to measure the 
speed of light, the conditions are re­
versed. To you passing in the train his 
laboratory seems to be moving, the path 
the light follows in his laboratory seem's 
longer to you than it does to him, and 
you must therefore conclude that his 
clock runs slower than yours. This is 
neat and symmetrical; each of you thinks 
that the clock of the other is running 
slow. But this situation is also very odd. 
How can it happen that, when two hours 
have passed on your clock, it seems to 
you that only one hour has passed on the 
clock of the man beside the track-and 
yet, when one hour has passed on his 
clock, it seems to him that only half an 
hour has passed on yours? 

This curious state of affairs is possible­
and it is quite real-because you anci the 
man beside the track never meet again! 
You can set your clocks together, side bv 
side, once and once only; after that you 
separate forever. That is the basic con­
dition of the first axiom of relativity: 

each of you is moving at a constant speed 

in a straight line relative to the other, 
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If you're a data processing specialist . . •  

YOU SHOULD BE AT COLLINS 
Why? Because Collins is taking an entirely new 
approach - the Microprogramming Technique - to 
computer design. We're using this technique in com­
bining communication functions - message switching, 
priority routing, dara transmission and conversion­
with conventional computer data processing applica­
tions. This new Collins concept of what a computer 
can do opens up a whole new field to programmers. 
You'll be able to experiment and explore. You'll have 
the opportunity to actually participate in logical design. 
You'll be looking for new ways to use this computer 
system, new applications in which it can be used, new 
product development ideas. Talk about ground floor 
opportunities! We've already sold and are installing 
these systems in airline and railroad communication 
networks. But the surface has just been scratched. If 
you have at least three years of programming experi­
ence, a degree in E.E., Math or Busi,ness Administra­
tion, we'd like to talk with you. The listings at right 
tell you what fields are open and where to write. 

M icroprogra mmers 
(Logic Designers) 

Applications Progra m mers 
(Customer's Problems) 

Software Programmers 
(Business & Scientific Problems) 

Diagnostic Progra m mers 
(Automatic Fault Location) 

Operating Systems 

�� 
COLLINS 

��� 

Send your reply. 

marked Dept .A M . to: 

E. D. Montano 
Information Science Center 
Collins Radio Company 
Newport Beach, California 

L R. Nuss 
Collins Radio Company 
Cedar Rapids, Iowa 

C. P. Nelson 
Collins Radio Company 
Dallas, Texas 
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PLANE MIRROR 

HALF-SILVERED MIRROR 
LIGHT 

SOU� R�C�E�---- --�--------��----------��------�· 

TO 
OBSERVER 

-------DIRECTION OF EARTH'S ORBITAL MOTION-------------=>� 

LIGHT SOURCE 

HALF-SILVERED MIRROR 

TO 
OBSERVER 

I 
I 

MICHELSON· MORLEY EXPERIMENT performed in 1887 attempted to measure the 

velocity of the earth through the ether by measuring the difference in the velocity of two 

light beams traveling at right angles to each other. The round.trip path parallel to the 

earth's orbital motion should take longer than that perpendicular to this motion. Hence 

shifting the apparatus 90 degrees should produce a detectable shift in the pattern of inter· 

ference fringes formed by the two beams. No shift of the required magnitude was found. 

Repetitions of the experiment have confirmed the conclusion that the speed of light is 

constant. This is one of the two principles on which the spedal theory of relativity rests. 
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and therefore you can meet once and 
once only, When you meet, you can phys­
ically set your clocks to the same time. 
But from then on you can compare your 
clock with his and he can compare his 
clock with yours only by sending signals 
to each other. Any signal of this kind is 
essentially like a ray of light: each of 
you judges it to have traveled by a path 
of a different length and each of you 
therefore thinks that it has taken a dif­
ferent time, In comparing your clocks, 
each of you has to make an allowance 
for the apparent time of travel of the 
signal. Because you make different al­
lowances, the comparison gives you dif­
ferent answers. 

I repeat that this does not make the 
difference in the passing of time unreal. 
The meson at high speed in my universe 
still decays slower than the meson at 
rest; that is a physical fact. The fact is 
not falsified by our realization that, in 
a universe attached to the high-speed 
meson, it is the meson I think to be at 
rest that decays slower. Of course it does; 
in that universe it is traveling at high 
speed. 

The physical reality is simple and 
robust. A process consists of a sequence 
of events: the movement of the hands of 
a clock, the oscillations of an atom, the 
decay of an unstable particle, There are 
many objects in my universe that under­
go the same process: many clocks and 
many atoms and many mesons. These 
objects travel at different speeds in my 
universe. Then the physical reality is 
that, in my universe, every process runs 
slower the faster the object is traveling. 
The faster the traveler moves through 
my universe, the slower his pulse, This is 
a law of nature every observer finds in • 

his universe. 

So faI' I have discussed observers who 
are flying away from each other, 

and therefore their time scales cannot be 
compared at one place; they are to­
gether, at the same place, only once, But 
surely we ought also to be able to discuss 
observers who separate and later meet 
again. They will be able to hold their 
clocks side by side twice, at the begin­
ning and at the end of the trip, and 
to compare them directly both times. 
What will their clocks say? If their 
clocks show the same time when they 
part, can they show different times 
when they meet again at the same place? 

It may seem at first sight that the two 
observers who part and then meet again 
rl1ust necessarily be in a symmetrical re­
lation. Whatever journey each has made 
is, after all, relative; and it may there­
fore seem as if each observer is free to 
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The Lamson and Sessions Load Analyzer: (1) Test block with load cell included, (2) 

Honeywell Model 906 Visicorder and 119 Amplifier, (3) Hydraulic pump unit, 

The Honeyvvell 
Visicorder 
vvalches a boll 
do Ihe Ivvisl 
When measuring the dynamic effects of 
torque and load on a bolt fastener, Lamson 

and Sessions found that fast rise-time was 
the most essential characteristic of the meas­
uring instrument. 

The high frequency response of the Visicorder 
Oscillograph (DC to 5000 cps) thus made it 
the choice for measuring these sudden loads 

applied by an impact wrench. 

The Lamson and Sessions studies have 
charted the complex relationships of joint 

components under load. Some of these rela­

tionships are: fastener strength; relaxation 
properties; optimum clamping load for a given 
size and strength of fastener; bearing areas 
adequate to prevent embedding; the num­
ber, size, and strength of fasteners consistent 
with the greatest strength, lightest weight, 
and lowest cost; and proper assembly tech­

niques. Visicorder recordings have provided 

the knowledge of these factors necessary to 
point the way to new fastener specifications 
and designs. 

There are six models of the Honeywell Visi­
corder Oscillograph. You'll find at least one 

of them designed to meet your specific test 
program requirements. Visicorders offer re­
cording capacity of up to 36 data channels. 
Paper speeds vary from .1 inch per hour to 
160 inches per second, depending upon the 
model you select. Thus, a Visicorder can be 

chosen which will present your data on the 

time base most meaningful to your test. 

H 
HONEYWHl 

For full specifications on all Visicorder 

Oscillographs, write Minneapolis-Honeywell, 

Heiland Division, Denver 10, Colorado. Or 

phone 303-794-4311. 

DATA HANDLING SYSTEMS 

Honeywell 
HONEYWELL INTERNATIONAL Sales and Service officealn all principal cities of the world. 

. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany. France, Japan. 
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say that he has not traveled at all and 
that all the traveling has been done by 
the other. Indeed, we may ask, does not 
the first axiom of relativity say this? Does 
not the first axiom say that two observers 
cannot tell which of them has moved 
and which of them has stayed still? 

No, it does not. I repeat that what the 
first axiom of relativity says is something 
much sharper, something much more re­
stricted and more precise. The first axiom 
says that if e[,ch of two observers seems 
to the other to be moving at a constant 
speed in a straight line, they cannot tell 
which of them is moving. But the axiom 
says nothing about observers in arbitrary 
motion. It says nothing about them if 
they do not move in straight lines and 
nothing about them if they do not move 
at a constant speed. 

Here is the crux of the matter. Two 
observers who separate and meet again 
cannot fulfill the conditions of the first 
axiom of relativity throughout such a 
journey. Suppose one of them remains 
still. Then the other can travel in a 
straight line going and coming, but if he 

does this, he must turn back at some 
point-that is, he must change his speed. 
Or the traveler can move at a constant 
speed, but if he does this, he cannot 
move in a straight line-he must move 
in a curve if he is to come back to his 
starting point. Two observers who part 
and meet again can fulfill one condition 
of the first axiom of relativity, if they 
wish, but they cannot fulfill both. 

And at once, as soon as a traveler de­
parts from the conditions of the first 
axiom, he knows that he is moving. He 
feels the outside forces that produce a 
change of motion. If he is traveling in a 
straight line and has to come to rest, he 
knows physically that he is decelerating; 
he can tell that he is, by carrying an 
accelerometer and looking at it. Indeed, 
all he needs to carry is a bucket of water: 
if the surface begins to tilt, he knows 
that he is changing speed. In the same 
way, if the traveler is rounding a curve, 
he can tell that he is moving by the ac­
celeration he feels-or by carrying an 
accelerometer or a bucket of water. We 
cannot detect a constant speed in a 

- -, 

-I 
I 

straight line: that is the first axiom of 
relativity. But we can detect any ac­
celerated motion: that is a physical fact 
we have all experienced. Lying in a 

sleeping compartment in the dark at 
night, we may not be able to tell 
whether the train is moving or not. But 
we can tell when the train brakes, and 
we can tell when it rounds a bend. We 
can tell because we are thrown about; 
we act as our own accelerometer. 

Therefore if I stay at home and you 
go on a journey and come back, the rela­
tion between us is not symmetrical. You 
can tell that you have traveled, even if 
you travel in a dark train-you can tell 
by carrying an accelerometer. And I can 
tell that I have stayed at home, because 
my accelerometer has recorded no 
change of speed or of direction. The 
traveler who makes a round trip can be 
distinguished from the stay-at-home. 

Now consider what happens to your 
clock, the traveler's. Imagine your round 
trip broken down into a series of short, 
straight paths, along each of which you 
can keep your speed constant. Then 

s 

TIME RUNS DIFFERENTLY for two observers when one is mov­

ing relative to the otber. The imaginary experiment depicted here 

is discussed in detail in the text. The path taken by the light from 

a match seems shorter to an observer inside the railroad car 

(broken black line) than the same path does to a stationary observ­

er outside the car (broken colored line). The speed of light is the 

same for both observers; consequently time passes slower for the 

moving observer in the ratio of the shorter to the longer path. This 

relation can be represented in geometrical terms, as it is in the 

triangle at right, where c represents the speed of light, v the veloci­

ty of the train and 0 and 0' the traveler's position when the light 

reaches him, according to the traveler (0) and to the bystander (0') . 
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Newest Name in Methyl Methacrylate 
. 

Cyanamid introduces ACRYLITE':" 
molding compound, the first new 

MMA in 30 years. 

Cyanamid has pioneered in 
many areas of plastics technology, 
but we've taken our own good time 
in producing an acrylic molding 
compound.Thereason?Wewanted 
more than "just another acrylic." 

What's new ACRYLlTE mold­
ing compound like? It blends the 
ou t s t anding p r o p e r t i e s  of all 
acrylics-excellent optical charac­
teristics, light stability, outdoor 
durability, surface hardness and 
mechanical strength-with heat re­
sistance, toughness, good machin­
ability, good electrical. properties 
and chemical resistance. In the 
myriad of applications for which 
acrylic resins are now employed, 

ACRYLITE molding compound is 
made to do the job better. 

ACRYLITE molding compound 
has a new form, too. It's offered 
not only as pellets, but as fine 
beads. The new bead provides eco­
nomic advantages through cycle 
reductions, fewer strains in the 
.molded part and fuller use of ma­
chine capacities. The small parti­
cle size affords better heat transfer, 
causing the bead polymer to melt 
faster and more uniformly. 

The natural form of ACRYLITE 
molding compound is a crystal 
clear transparent. It is also avail­
able in a wide range of transparent, 
translucent and opaque colors. 

Next time you need an acrylic 
plastic, remember: that's our busi­
ness. Why not put new ACRYLITE 
molding compound to work for 

you and see the sparkling results. 
For further information, phone, 
wire or return this coupon. 

c:::::: c: Y A. :IV A. � r JJ ::=:::> 

American Cyanamid Company 
Plastics and Resins Division 
Wallingford, Connecticut 

f----------------------------------' 

I 16 I 
I 
I I 
I I 
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Gentlemen: Please rllsh complete in­
formation on your new ACRYLlTE':' 
acrylic molding compollnd. 

Name 

Position 

Company 

Address 

City 

Zone State 
---------------­

�------------------

Sales offices in: Charlotte • Chicago · Cincinnati • Cleveland • Dallas . Detroit • Los Angeles . Minneapolis · New York 
Oakland ' Philadelphia ' SI. Louis' Seattle' Wallingford. In Canada: CYANAMID OF CANADA LIMITED, Montreal' Toronto 
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Today's emphasis on reliability of­
ten calls for upgrading of electrical 
papers ... and a special coating 
sometimes helps do the job. 

Riegel is thoroughly experienced 
in manufacturing technical papers 
and coatings. Our highly versatile 
coaters apply materials of various 
types ranging from thin tissue to 
heavy Electronic Board:'") Riegel 
will use customer supplied formula­
tions or its own. We manufacture 
to meet your most exacting specifi­
cations. Your R&D staff may wish 
to utilize the technica I service of 
Riegel electrical paper researchers. 
Laboratory and pilot-scale equip­
ment are available. 

For your electrical paper needs, 
write to Riegel Paper Corporation, 
Box 250, New York 16, New York. 
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RELATIVISTIC EFFECTS of motion were detected using an experimental apparatus like 

that illustrated schematically in these diagrams. A source of radioactive iron·57 nuclei 

emitted gamma ray photons of a very sharply defined frequency. A resonant absorber 

containing iron-57 nuclei strongly absorbed the photons that were in resonance. A station­

ary counter counted the photons that reached it directly from the absorber (i_eo, were 

emitted by the absorber) as well as any photons that might pass directly through the ab­

sorber from the source_ The counting rate was higher when the disk was rotated at 500 revo­

lutions per second (right) than when it was at 50 (left). The reduction in resonance 

allowed more photons to pass directly through the absorber from the source to the counter. 

along each short path your clock seems 
to me to run slower than mine. When 
you return, your clock should be behind 
mine, by the sum of these losses; and you 
should have aged less than 1. Can this 
be so? It can, and it is. The difference 
in our timekeeping does not contradict 
any symmetry you may find in the situ­
ation. It does not contradict your finding 
that, along any short path, my clock also 
seems to you to be running slower than 
yours. Your findings do not add up be­
cause you do not remain faithful to the 
first axiom of relativity: your view of 
my time changes every time you move 
abruptly from one straight path to an­
other. Only my view of your time losses 
accumulates steadily, because only I re­
main faithful to the first axiom of rela­
tivity throughout. 

1\:1 this was foreseen by Einstein in his 
paper on the special theory of rela­

tivity. Here is what he wrote in that first 
paper in 1905: "If there are two syn­
chronized clocks at A and if one of these 
is moved along a closed curve with con­
stant velocity v until it returns to A, 
which we suppose to take t seconds, then 
the latter clock on arriving at A will have 
lost )�t ( vic) 2 seconds by comparison 
with the clock which has remained sta­
tionary. We conclude from this that a 
clock fixed at the earth's equator will run 
slower by a very small amount than an 
identical clock fixed at one of the earth's 

poles." No one could have guessed in 
1905 that this prediction could be sub­
jected to a practical test. It must have 
seemed inconceivable then that - differ­
ences in time as minute as this could be 
measured-a difference of 10-7, or one 
ten-millionth, of a second per day be­
tween a clock at the Equator and a clock 
at one of the poles in Einstein's hypo­
thetical experiment. Yet such differences 
in time have become measurable in re­
cent years. An experiment that exactly 
matches Einstein's model of the circular 
tour has been performed. 

In this experiment the circular tour is 
conducted on quite a small scale com­
pared with the grandiose ventures in 
space travel that are usually invoked to 
illustrate the principle. Thanks to a dis­
covery by the German physicist R. L. 
Mbssbauer, it is possible to tune a radio­
active source of gamma ray photons into 
resonance with an absorber of those 
photons within a very sharp frequency 
interval. The experimental apparatus 
that employs the "Mbssbauer effect" con­
sists of an aluminum turntable, on the 
spindle of which is mounted a photon­
emitter, a radioactive isotope of iron 
(iron 57) . Around the circumference 
of the turntable a resonant absorber is 
mounted, made of the same isotope of 
iron. 

The absorber plays the part of the mov­
ing clock; each photon it absorbs is one 
tick of the clocks in unison. Beyond the 
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we 

probed 
miniaturization 

Indiana General engineers probed new ways to increase the packaging density and extend the operating tem­

perature range of memory stacks. By using a continuous wire method of inserting drive lines through memory 

planes - and then folding the individual arrays - the MICROSTACK was developed. This unique stringing tech­

nique eliminates bulky frames and all solder connections between planes. As a result, a MICROSTACK slashes 

space requirements 90% compared to conventional stacks and offers new standards of reliability. _ IGC 
MICROSTACKS are available with up to 32,768 cores in a single matrix enclosure. Individual units may be stacked 

to provide any desired memory capacity. Temperature-controlled MICROSTACKS operate between -550 C and 

+850 C. _ MEMORY SYSTEMS ARE OUR BUSINESS. MICROSTACKS are typical of the advanced engineering 

you receive when you let IGC engineers solve your memory system problems. Write today for facilities brochure 

to Indiana General Corporation, Electronics Division, Keasbey, New Jersey. 

INDIANA GENERAL �!l 

tal 
FERRITES MEMORY 

SYSTEMS 
MINIATURE 

MOTORS 
PERMANENT 

MAGNETS 
MAGNETIC 

EQUIPMENT 
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0 
circumference is a stationary counter 
that records those photons that pass 
through the absorber. Each photon that 
gets through the absorber and is count­
ed is a tick that the moving clock has 
missed. The Mossbauer effect is so sharp 
that this arrangement makes it possible 
to compare the difference in the "tick-

I 
l ing" of the absorber when it moves at 

different speeds, to an accuracy of one 
................ part in 1012• The number of photons 

0 
we'll divide 

to 
your 

specifications 

. . 
-:- Precision dividing-circular 
and linear-is a specialty of W. & 
L. E. Gurley where an unparalleled 
array of Swiss-built dividing en­
gines and custom-built American 
m achines, in the hands of vet­
eran craftsmen, provides accu­
rate, quality precision dividing on 
metals and glass by ruling, milling, 
scribing, photographic projection. 

What can we divide tor you? 

w. & L. E. GURLEY 

562 Fulton Street, Troy, New York 

• 
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counted is in fact significantly different 
when the turntable, only six inches 
across, is rotated at 50 revolutions per 
second and at 500 r.p.s., each time for 
30 minutes. (At these rates the "clock" 
on the circumference is moving at about 
50 and about 500 miles per hour.) Ein­
stein's formula predicts a slowing down of 
)� X 10-9 seconds behveen one of these 
rates and the other, under the conditions 
of the experiment. This is precisely the 
amount that J. J. Hay and his colleagues 
at the Atomic Research Establishment at 
Harwell in England found, within the 
appropriate statistical limits [see "The 
Mossbauer Effect," by Sergio De Bene­
detti; SCIENTIFIC AMERICAN, April, 
1960]. 

T here is no doubt, then, that the clock 
paradox is true. A set of radioactive 

atoms on the perimeter of the whirling 
turntable has experienced fewer decays 
than an identical set of atoms that has re­
mained at rest. A clock carried on a 
round trip is found, when you bring it 
back, to have run slower than the clock 
I have kept at home. A twin on a round 
trip ages less, in the normal sense of 
physical aging, than the twin who has 
stayed at home. 

Let me summarize this. The clock 
paradox compares the time that elapses 
for a traveler on a round trip with the 
time that elapses for his stay-at-home 
twin. Time runs slower for the traveler: 
he ages less than the stay-at-home. This 
seems a paradox, because we ask how 
we can tell the traveler from the stay-at­
home once both are reunited. The para­
dox is resolved when we show that we 
can tell them apart-that the traveler on 
a round trip undergoes accelerations that 
he observed and recorded and that dis­
tinguish him from the stay-at-home. 

Only if the traveler remained faithful 
to the first axiom of relativity would 
there be symmetry behveen him and the 
stay-at-home. That is, the traveler would 
have to travel at a constant speed in a 
straight line. But if he did that, he would 
never get home; there would be no 
round trip. 

So much for the paradox and its reso-

lution. And yet we ought not to be 
quite content with this. There remains 
a question: Why does the special theory 
of relativity single out, of all possible 
modes of movement, the movement in a 
straight line at a constant speed? Why 
cannot the traveler tell if he is in this 
state of movement or at rest? And why 
can he tell at once if he is in any other 
state of movement? 

As far as we know there is no reason in 
the world, except that the world is like 
this. The empirical fact of nature is like 
this and not otherwise; our system of 
mechanics works on this basis and not 
on any other. Thus when we analyze 
the paradox of the two clocks, we be­
come aware that at the center of it lies 
a major postulate about our physical 
world: the postulate that motion in a 
straight line at a constant speed is, in 
some sense, the basic state. This is not 
new in relativity; on the contrary, it was 
stated formally in the laws of motion pro­
pounded by Isaac Newton in the 17th 
century. Newton's laws state that a body 
continues to remain either at rest or in 
uniform motion in a straight line, un­
less it is disturbed from outside. Essen­
tially this is already equivalent to the 
first axiom of relativity, that one cannot 
tell if one is at rest or in uniform motion 
in a straight line. 

But Newton's laws in turn merely set 
out explicitly what philosophers had be­
gun to say 300 years earlier. The turning 
point was before Newton, among the 
dissident philosophers of Paris in the 
14th century. Until that time the physics 
of Thomas Aquinas had followed the 
Greeks, and particularly Aristotle, in as­
selting that an arrow continues on its 
flight only because the air pushes it from 
point to point. This was first contradict­
ed by Jean Buridan and other Parisian 
philosophers in the 14th centmy, when 
they propounded the doctrine of im­
petus-the doctrine that the arrow is car­
ried throughout its flight by its first 
impetus. They first understood that mo­
tion, the flight of an arrow, persists of 
itself. 

Modern physics is founded on this 
principle: the natural and continuing 
state of things is uniform motion in a 
straight line. In contrast, the Greeks be­
lieved that the natural state is motion in 
a circle. In our physics, if a clock moves 
in a circle, its motion is forced, it suffers 
an acceleration and as a result it loses 
time on the round trip. So the paradox of 
the clocks reaches back to, and makes 
vivid, the difference between our con­
ception of the natural world and the 
Greek conception. 
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on target with PERT-the Program Evaluation and Review Technique which spots and prevents poten­

tial bottlenecks. It was a management practice at Allison long before it became mandatory on many DOD 
and NASA contracts. We've also been using techniques such as WITS, CPP, and line-of-balance on our 

projects. That's one reason the projects we're working on-including Minuteman rocket motor cases and 

advanced turbo prop and turbo shaft engines-are on target. Another reason is the creative environment 

provided our engineers and scientists to help them keep our aerospace and nuclear programs on target. 

�liSOI1 
THE ENERGY CONVERSION OIVISION OF 
GENERAL MOTORS, INOIANAPOLlS, INO. 
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Isn't it time we had 
a one-class service 

on big jet aircraft? 

There are many of us at United who 
have been in air transportation since its 

inception. We saw it introduce a standard 

of personal service that was unique in in­

dustry. But now we question whether a 

concept of transporting masses-rather than 

individuals-is not threatening to take over 
and blot out the human aspects of this 

business. 

First and Second Class 

We have a situation on our jet aircraft 

today that merits serious examination. 

Where we once had coach and first class on 

different airplanes, we now have them on 

the same plane. 

Both classes enjoy the same speed, get 

there at the same time. Most first class 

passengers value and appreciate the extra 

service and space they enjoy, but some feel 
they pay too much for what they get. And 

in our opinion the coach passengers do not 

get enough in terms of sufficient space for 

comfort and for unimpeded movement on 
and off the aircraft. 

Moreover, because the coach section 
takes the larger part of the plane, most of 

the people aboard are unavoidably given the 

feeling they are second class citizens. 

A Confusion of Fares and Services 

In an attempt to provide some sort of 

compromise, the airlines have lately been 

introducing even more classes. There are 

now first class fares and "economy first 

class" fares; coach fares and "economy 

coach" fares; and lots more-each with its 

type of service. 

The net result is a jumble that not only 

confuses the public, but also increases many 

handling costs. For example, the extra 

work, supplies and equipment required by 

multi-fares and multi-services cost United 

nearly $5,000,000 annually. 

How much better it would be to provide 

an improved, yet simplified, service that 

offers greater value to the passenger and 

at the same time reduces airline costs. This 

is exactly what we propose to do. 

United Air Lines' 

New One-Class Service 

Beginning on March 10th, United will 

provide one-class jet service between San 

Francisco and Chicago, and Chicago and 

Cleveland. Shortly thereafter, we will intro­

duce one-class service between Cleveland 

and Newark, and San Francisco and Seattle. 

We are altering the present configura­

tion of some of our 720 Jet aircraft to pro­

vide a single class of comfortable three­

and-two seating throughout the airplane, 

distributing space more equitably and mak­

ing the aisle wider. 
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Along with this will go a single class 
of in-flight service, without frills, but with 

complimentary beverages and tasteful 
meals, graciously served. 

Those accustomed to coach will enjoy 
greater comfort, more spaciousness in terms 

of both seating and aisle, and some services 
they do not enjoy at present. Those who are 
accustomed to first class will lack nothing 

in the way of a good meal and the refresh­

ment that now goes with it. 

Because of the economies effected by a 

simplified, uniform service, this one-class 
jet travel - attractive to everyone - will be 
made available for only a few dollars more 

than present coach fares. 

A Better Value for 

More People 

The wonderful speed and ease of jet 

travel have immeasurably widened the hori­

zons of our business, social and recreational 

lives. And jet transportation should be so 

conducted as to give as many people as 
possible the best possible service at a price 

fair to all. 

In furtherance of this aim we have filed 
a tariff with the Civil Aeronautics Board 

to offer these one-class flights between 

Chicago and San Francisco at only $ 1 11 .  
This is $24 .40 less than first class fare and 

Fm'es mentioned above do not  include tax. 

only $5.55 more than coach. New tariffs, 

representing comparable values, have also 

been proposed for the other cities which 

will receive this service. 

Reservations will be accepted now but 
no tickets will be sold before approval by 

the CAB. 

It has always been our practice to stay 

close to those who fly with us, to talk with 

thousands of travelers everywhere, and to 
suit our service to their needs. If you have 

occasion to use any of these flights, we will 
welcome your comments. Or if you have an 

opinion now, we would very much like to 

hear from you. 

Your suggestions and support can help 
us bring about a more equitable and satis­

factory standard of jet travel for all. 

CZ!�� 
PRESIDENT 

UNITED A IR LINES 
P .  O. B o x  8800, Chicago 66, Illinois 

... C -J 
UNI TED 

.. 
THE EXTRA CARE AIRLINE 
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the PC>TTER 
MT·120 
eliminates 
program 
restrictions 

The new Poller MT-120 Magnetic Tape Trans­
port features high performance in a COM­
PLETELY STANDARD, LOW COST PACKAGE. 
An evolutionary development of the reliable 
M906U tape deck, the MT-120 incorporates 
o patented tape handling system" that 
eliminates program restrictions. This unique 
engineering achievement permits Start/Stop, 
Reverse/Stop or Forward/Reverse operation 
at up to ,200 commands per second and at 
tape speeds to 120 ips without external pro­
gram delays. 
The MT-120 delivers extremely high data 
transfer rates. Using the Paller Contiguous 
Double Transition"" High Density recording 
technique, rates of 1.6 x 10' information bits 
per secone! are obtained. And with standard 
7-channel format, 556 bits per inch are pro­
vided at speeds of 120 ips. 
To learn more about the MT-I20 and it. 
unprecedented I-year warranty of reliability, 
write to our Oiredor of Marketing todoy . . •  

T,.., 

-Potter Patent No. 3,016,207 
-·Potler Patent No. 2,853,357 

and other patents pending 

POTTER INSTRUMENT COo, INC_ 
151 Sunnyside Boulevard. Plainview, New York 
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MATH E MATI CAL GAME S 
Curves of constant w£dth, one of wh£ch 

makes £t poss£ble to drill square holes 

by �v[artin Gardner 

If an enormously heavy object has to 
be moved from one spot to another, 
it may not be practical to move it on 

wheels. Axles might buckle or snap un­
der the load. Instead the object is placed 
on a flat platform that in turn rests on 
cylindrical rollers. As the platform is 
pushed forward, the rollers left behind 
are picked up and put down again in 
front. 

An object moved in this manner over 
a flat, horizontal surface obviously does 
not bob up and down as it rolls along. 
The reason is simply that the cylindrical 
rollers have a circular cross section, and 
a circle is a closed curve possessing what 
mathematicians call "constant width." 
If a closed convex curve is placed be­
tween two parallel lines and the lines 
are moved together until they touch the 
curve, the distance between the parallel 
lines is the curve's "width" in one direc­
tion, An ellipse clearly does not have the 
same width in all directions. A platform 
riding on elliptical rollers would wobble 
up and down as it rolled over them. Be­
cause a circle has the same width in all 
directions, it can be rotated between two 
parallel lines without altering the dis­
tance between the lines. 

Is the circle the only closed curve of 
constant width? Most people would say 
yes, thus providing a sterling example of 
how far one's mathematical intuition can 
go astray, Actually there is an infinity of 
such curves. Any one of them can be the 
cross section of a roller that will roll a 
platform as smoothly as a circular cylin­
der! The failure to recognize such curves 
can have and has had disastrous conse­
quences in industry. To give one exam­
ple, it might be thought that the cylin­
drical hull of a half-built submarine 
could be tested for circularity by just 
measuring maximum widths in all direc­
tions. As will soon be made clear, such a 
hull can be monstrously lopsided and 
still pass such a test. It is precisely for 

this reason that the circularity of a sub­
marine hull is always tested by applying 
curved templates. 

The simplest noncircular curve of con­
stant width has been named the Reu­
leaux triangle after Franz Reuleaux 
(1829-1905), an engineer and mathe­
matician who taught at the Royal Tech­
nical High School in Berlin. The curve 
itself was known to earlier mathemati­
cians, but Reuleaux was the first to 
demonstrate its constant-width proper­
ties. It is easy to construct. First draw an 
equilateral triangle, ABC [see tippeT il­
lustmtion below 1, With the point of a 

B 

A'<::------------7JC 

Construction of Reule(lux triangle 

. 2 

<) 1 

• • 

\ 

Reuleaux triangle rotating in square 
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IBM 
® 

asks basic questions in character recognition 

How can we help computers read more? 

u v w x y z , 2 3 4 
5 6 7 8 9 a b c d e 

U V W X Y Z , 2 3 4 
5 6 7 8 9 a. b c- d e. 

The experimental 
8 y S te m can also 

HaCT05llUeH CTaTbH 

nepBaH cepHH npOBOBH 

Upper or lower case, typewritten or printed, good registra­
tion or had, these letters are all recognizable to IBM'S ex­
perimental multi10nt reader. 

Transforming source information into machine codes 
is the slowest step in data processing. To make it 
possible to enter data directly, optical-scanning and 
magnetic character-sensing devices have been de­
veloped. However, most of these machines have 
been able to read only specially designed type faces. 
Now IBM has built experimental devices for optically 
reading a wide variety of printed and typewritten 
material-and even handwritten numbers. 

The chief obstacle to automatic print reading is the 
variation in type styles found in printed and type­
written information. To overcome this obstacle, 
IBM scientists have developed an experimental char­
acter recognition system which can accept many 
different type fonts, sizes, and printing qualities in 
both the Cyrillic and the Latin alphabets. The 
system determines its own criteria for distinguishing 
among characters. As it identifies characters, it esti­
mates the reliability of its recognition. After a few 
minutes it can read text in type styles for which it 
had not previously been adjusted. 

The experimental character recognition system is a 
form of self-organizing machine. It works out its 
own methods of distinguishing one character from 
another in each alphabet it encounters by deriving 
96 unique reference measurements which are used 
to identify each character. The computer programs 
which aided in the design of this machine represent 
an advance in character recognition research. 

Written in different styles, these numbers can be recognized 
by an experimental reader whose scanning beam detects line 
edges by traveling a circular path around the characters. 

An equally important step toward more direct entry 
of data has been the development of an experimental 
system which recognizes handwritten numbers de­
spite variations in individual writing styles. This 
system thus solves one of the most difficult problems 
in character recognition. It differs in its optical 
reading technique from the multi-font reader, mak­
ing use of "recognition logic" derived from statistical 
summaries of the contours of sample handwritten 
characters. These samples were collected under un­
controlled writing conditions. The scanner in this 
experimental system generates voltage wave forms 
analogous to character outlines. The system analyzes 
these wave forms and records its identification on 
IBM cards. In a recent test at Tufts University, 200 
people, after brief instruction on avoiding excessive 
distortion in their writing, submitted more than 
100,000 numerals to the system. It recognized 98.5% 
of them correctly, indicating that it may possess the 
flexibility required to sense large volumes of hand­
written numerals in computer systems of the future. 

If you have been searching for an opportunity to 
make important contributions in character recogni­
tion, programming systems, space, or any of the 
other fields in which IBM scientists and engineers are 

finding answers to basic questions, please contact us. 
IBM is an Equal Opportunity Employer. Write to: 
Manager of Professional Employment, IBM Corpo­
ration, Dept. 659-B, 590 Madison Ave., N.V. 22, N.Y. 
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compass at A, draw an are, Be. In a 
similar manner draw the other two arcs. 
It is obvious that the "curved triangle" 
(as Reuleaux called it) must have a 
constant width equal to the side of the 
interior triangle. 

If a curve of constant width is bound­
ed by two pairs of parallel lines at right 
angles to each other, the bounding lines 
necessarily form a square. Like the circle 
or any other curve of constant width, 
the Reuleaux triangle will rotate snugly 
within a square, maintaining contact at 
all times with all four sides of the square 
[see lower illustration on page 148]. If 
the reader cuts a Reuleaux triangle out of 
cardboard and rotates it inside a square 
hole of the proper dimensions cut in an­
other piece of cardboard, he will see that 
this is indeed the case. 

As the Reuleaux triangle turns within 
a square, each corner traces a path that 
is almost a square; the only deviation is 
at the corners, where there is a slight 
rounding. The Reuleaux triangle has 
many mechanical uses, but none is so 
bizarre as the use that derives from this 
property. In 1914 Harry James Watts, 
an English engineer then living in Tur­
tle Creek, Pa., invented a rotary drill 
based on the Reuleaux triangle and capa­
ble of drilling square holes! Since 1916 
these curious drills have been manufac­
tured by the Watts Brothers Tool Works 
in Wilmerding, Pa. "We have all heard 
about left-handed monkey wrenches, 
fur-lined bathtubs, cast-iron bananas," 
reads one of their descriptive leaflets. 
"We have all classed these things with 
the ridiculous and refused to believe that 
anything like that could ever happen, 
and right then along comes a tool that 
drills square holes." 

The Watts square-hole drill is shown 
at the left. Below it is a cross sec­
tion of the drill as it rotates inside the 
hole it is boring. A metal guide plate 
with a square opening is first placed over 
the material to be drilled. As the drill 
spins within the guide plate, the corners 
of the drill cut the square hole through 
the material. As you can see, the drill is 
simply a Reuleaux triangle made con­
cave in three spots to provide for cutting 
edges and outlets for shavings. Because 
the center of the drill wobbles as the 
drill turns, it is necessary to allow for 
this eccentric motion in the chuck that 
holds the drill. A patented "full floating 
chuck," as the company calls it, does the 
trick. (Readers who would like more in­
formation on the drill and the chuck can 
check U.S. patents 1,241,175; 1,241,176; 
and 1,241,177; all dated September 25, 
1917.) 

The Reuleaux triangle is the curve 
of constant width that has the small­
est area for a given width (the area is 
)� ( 7T - y3) w2, where w is the width). 
The corners are angles of 120 degrees, 
the sharpest possible on such a curve. 
These corners can be rounded off by 
extending each side of an equilateral 
triangle a uniform distance at each end 
[see top illustration on page 152]. With 
the point of a compass at A draw arc DI; 
then widen the compass and draw arc 
FC. Do the same at the other corners. 
The resulting curve has a width, in all 
directions, that is the sum of the same 
two radii. This of course makes it a curve 
of constant width. Other symmetrical 
curves of constant width result if you 
start with a regular pentagon (or any 
regular polygon with an odd number of 
sides) and follow similar procedures. 

There are ways to draw unsymmetri­
cal curves of constant width. One meth­
od is to start with an irregular star poly­
gon (it will necessarily have an odd 
number of points) such as the seven­
point star shown in black in the bottom 
illustration on page 152. All of these line 
segments must be the same length. Place 
the compass point at each corner of the 
star and connect the two opposite cor­
ners with an arc. Because these arcs all 
have the same radius, the resulting curve 
(shown in color) will have constant 
width. Its corners can be rounded off by 
the method used before. Extend the sides 
of the star a uniform distance at all 
points (shown with broken lines) and 
then join the ends of the extended 
sides by arcs drawn with the compass 
point at each corner of the star. The 
rounded-corner curve, which is shown 
in black, will be another curve of <;on­
stant width. 

The illustration at the top left on page 
154 demonstrates another method. Draw 
as many straight lines as you please, all 
mutually intersecting. Each arc is drawn 
with the compass point at the intersec­
tion of the two lines that bound the arc. 
Start with any arc, then proceed around 
the curve, connecting each arc to the pre­
ceding one. If you do it carefully, the 
curve will close and will have constant 
width. (Proving that the curve must 
close and have constant width is an inter­
esting and not difficult exercise.) The 
preceding curves were made up of arcs 
of no more than two different circles, 
but curves drawn in this way may have 
arcs of as many different circles as you 
wish. 

A curve of constant width need not 
consist of circular arcs. In fact, you can 
draw a highly arbih'ary convex curve 
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Proven Performer 
THE BENDIX G-15 COMPUTER . . .  is daily demonstrating its ability to save time and money at hundreds 
of installations in industry after industry ... has established an overall reliability record of 97.4%. Other 
reasons behind continuing G-15 leadership: ease of use ... over 1000 programs immediately available at 
no charge ... versatility and expandability resulting from the widest selection of input-output accessory 
units. Continuing systems support in depth and a vigorous users EXCHANGE organization combine to 
broaden application usefulness ... assure maximum system effectiveness at minimum cost. Investigate 
the Bendix G-15 ... prove to your own satisfaction how its demonstrated superiority can bring important 
time and dollar savings to your organization. Call your nearest Bendix Computer sales/service office. 
Or write: Bendix Computer Division, 5630 Arbor Vitae Street, Los Angeles 45, California, Dept.C-44 

�ncfY Bendix Computer Division 
COR P 0 FI A TID N 
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Star-polygon method of drawing a curve of constant width 

G 

from the top to the bottom of a square 
and touching its left side [arc ABC in the 
illustration at top right on page 154], and 
this curve will be the left side of a 
uniquely determined curve of constant 
width. To find the missing part, rule a 
large number of lines, each parallel to a 
tangent of arc ABC and separated from 
the tangent by a distance equal to the 
side of the square. This can be done 
quickly by using both sides of a ruler. 
The original square must have a side 
e<lual to the ruler's width. Place one 
edge of the ruler so that it is tangent to 
arc ABC at one of its points, then use the 
ruler's opposite edge to draw a parallel 
line. Do this at many points, from one 
end of arc ABC to the other. The missing 
part of the curve is the envelope of these 
lines. In this way you can obtain rough 
outlines of an endless variety of lopsided 
curves of constant width. 

It should be mentioned that the arc 
ABC cannot be completely arbitrary. 
Roughly speaking, its curvature must not 
at any point be less than the curvature 
of a circle with a radius equal to the 
side of the square. It cannot, for ex­
ample, include straight line segments. 
For a more precise statement on this, as 
well as detailed proofs of many elemen­
tary theorems involving curves of con­
stant width, the reader is referred to the 
excellent chapter on such curves in The 
Enioyment of Mathematics, by Hans 
Rademacher and Otto Toeplitz. 

If you have the tools and skills for 
woodworking, you might enjoy making 
a number of wooden rollers with cross 
sections that are various curves of the 
same constant width. Most people are 
non pI used by the sight of a large book 
rolling horizontally across such lopsided 
rollers without bobbing up and down. A 
simpler way to demonstrate such curves 
is to cut from cardboard two curves of 
constant width and nail them to opposite 
ends of a wooden rod about six inches 
long. The curves need not be of the same 
shape, and it does not matter exactly 
where you put each nail as long as it is 
fairly close to what you guess to be the 
curve's "center." Hold a large, light. 
weight empty box by its ends, rest it hori· 
zontally on the attached curves and roll 
the box back and forth. The rod wob­
bles up and down at both ends, but the 
box rides as smoothly as it would on 
circular rollers! 

The properties of curves of constant 
width have been extensively investi­
gated. One startling property, not easy 
to prove, is that the perimeters of all 
curves with constant width 11 have the 
same length. Since a circle is such a 
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TELEPHONE SYSTEMS 
Interstage and 
Matching Transformers 

ORESCENT 

Reactors 

Transformers 

ELECTRIC ORGANS AND 
HI-FI STEREO 

Oscillator Inductors 

Output Transformers 

AUTOMATIC MACHINE 
TOOLS 

Magnetic Amplifiers 

for 

Matching Transformers 

MOBILE POWER SUPPLI 
Static Inverters 

RADAR, MISSILES 
Pulse Transformers 

PERMANENT MAGNETS 

;��'a��t;r����s� ' Motors 

Holding Magnets, Bias 
Magnets, Clutch Drives 

R·02 

W·03 

W·07 

W·04 

W·03 

W·04 

R·03 

R·03 

M·05C 
M·OI 
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Low losses. Temperature stable 

r�:';:i���t6jlirryi���n� hysteresis 

High permeability, low losses 

High flux density 

losses, 

r hysteresis loop, 

r hysteresis loop, 

Good mechanical strength, 
high energy factor, 
high coerCive force 

• From the broad line of Allen­
Bradley quality ferrites, more and more 
designers are finding they can obtain 
the exact characteristics to meet their 
specific needs. Allen-Bradley's precise 
quality control methods insure contin­
uously uniform electrical and mechani­
c a l  p r o p e r t i e s-a n d  A - B  h a s  t h e  
facilities for supplying ferrites i n  quan­
tity. Listed to the left are a number of 
areas in which A-B ferrites have helped 
the manufacturer to reduce the prod­
uct size, weight, or cost, and fre­
quently the performance has been 
improved. If you have problems along 
this line, please let our engineers work 
with you in solving them. 

ALLEN - BRADLEY ����i:�niccoIl1Ponents 
Allen-Bradley Co., 1204 South Third Street, Milwaukee 4, Wisconsin . In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 
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1 Wide Range 1 
Automatic 
Tracking 

Auto­
collimator 

• 21120 Range 
Extendable to 3600 

• 0.2 Arc·sec. Accuracy 
• Direction Sensing 

MIDARM' MARK IV's wide range 
and high accuracy are features which 
make it far superior to present-day 
automatic tracking autocollimators. 
The MARK IV is a precise optical 
transducer for continuous, fast re­
sponse, angular rate control over 
2 Y2 degrees ... and is extendable to 
360 degrees for closed-loop applica­
tions. The instrument's high sensi­
tivity and direction sensing capabil­
ities are ideally suited for today's 
precise continuous angle measure­
ment requirements. 

The two-phase analog output of the 
MARK IV can be recorded or seen 
on an oscilloscope. It can also be 
used to drive servo follow-up devices 
to determine position and rate. 

TWO-PHASE ANALOG OUTPUT 
(Typical Output Characteristics) 

34 Arc-sec. 
30 V 

*Micro Dynamic Angle and Rate Monitor (Trade Mark) 

Write today for complete details. 

: ....... ft . . ..... 
. ·····n· ····· 

:RAZDO� 
LABORATORIES. INC. 
377 FIFTH STREET • NEWARK 7, N. J. 

Applications include 
Gyro or Platform Drift Measurement Precision 
Gear Testing • Calibration of Autocollimators 

• Precision Gear Manufacturing • Control of 
Gyro Test Stands • Linear Measurements 
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Crossed-lines method 

curve, the perimeter of any cllrve of con­
stant width 11 must of course be ?T11, the 
same as the circumference of a circle 
with diameter 11. 

The three-dimensional analogue of a 
curve of constant width is the solid of 
constant width. A sphere is not the only 
such solid that will rotate within a cube, 
at all times touching all six sides of the 
cube; this property is shared by all solids 
of constant width. The simplest example 
of a nonspherical solid of this type is 
generated by rotating the Reuleaux tri­
angle around one of its axes of symmetry 
[see drawing at left below]. There is 
an infinite number of others. The solids 
of constant width that have the smallest 
volumes are derived from the regular 
tetrahedron in somewhat the same way 
the Reuleaux triangle is derived from 
the etluilateral triangle. Spherical caps 
are first placed on each face of the tetra­
hedron, then it is necessary to alter 
three of the edges slightly. These altered 
edges may either form a triangle or 
radiate from one corner. The solid at the 
right in the illustration below is an ex­
ample of a curved tetrahedron of con­
stant width. 

Since all curves of the same constant 

B 

Random curve and tangents 

width have the same perimeter, it might 
be supposed that all solids of the same 
constant width have the same surface 
area. This is not the case. It was proved, 
however, by Hermann Minkowski (the 
Polish mathematician who made such 
great contributions to relativity theory) 
that all shadows of solids of constant 
width (when the projecting rays are 
parallel and the shadow falls on a plane 
perpendicular to the rays) are curves 
of the same constant width. All such 
shadows have equal perimeters ( 7r times 
the width) . 

Michael Goldberg, an engineer with 
the Bureau of Naval Weapons in Wash­
ington, has written many papers on 
curves and solids of constant width, and 
he is recognized as being this country's 
leading expert on the subject. He has 
introduced the term "rotor" for any con­
vex figure that can be rotated inside a 
polygon while at all times touching every 
side. 

The Reuleaux triangle is, as we havc 
seen, the rotor of least area in a syuare. 
The least-area rotor for the equilateral 
triangle is shown in the top illustration on 
page 156. This lens-shaped figure (it is 
not, of course, a curve of constant width) 

Two solids of constallt width 
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Within 2 months this eraser was able to measure time! 

Inspiration plays a large part at 

The A.W. Haydon Company, where 
our only concern is with time-and 

timing devices. 

One of our engineers-in thethroes 

of meditation - hit upon the solu­

tion to a timing problem. Alas ... no 

drawing board. Not even a scrap 

of paper! 

Picking up the nearest object -a 

common, everyday eraser -he 

sketched the diagram ... to exact 

size! 

Two months later, we delivered 

eraser-sized prototypes! We've 

been known to spend years find­
ing the right solution to a sticky 
time problem, but we never under­
estimate the power of the quick 
flash! 

Inspiration, it is said, is only 2% 
of invention. Vive la 2%! 

Do you have a time problem? 

We have a timely solution! 

AUlHAVDON 
An COMPANY 
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 OPPORTVNITY EMPLOYER 
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is formed with two 60-degree arcs of a 
circle having a radius equal to the tri­
angle's altitude. Note that as it rotates 
its corners trace the entire boundary of 
the triangle, with no rounding of corners. 
Mechanical reasons make it difficult to 
rotate a drill based on this figure, but 
'Natts Brothers makes other drills, based 
on rotors for higher-order regular polv­
gons, that drill sharp-cornered holes in 

/,e(l.'t·(lre(l rotor i.1I equi.lateral triangle 

Lille rotated in deltoid curve 

8esicovitch' proof 

156 

the shape of pentagons, hexagons and 
even octagons. 

Closely related to the theory of rotors 
is a famous problem named the Kakeya 
needle problem after the Japanese 
mathematician Soichi Kakeya, who first 
posed it in 19 17. The problem is as fol­
lows: What is the plane figure of least 
area in which a line segment of length 
1 can be rotated 360 degrees? The rota­
tion obviously can be made inside a 
circle of unit diameter, but that is far 
from the smallest area. 

For many years mathematicians be­
lieved the answer was the deltoid curve 
shown in the middle illustration on this 
page. (The deltoid is the curve traced by 
a point on the circumference of a circle 
as it rolls around the inside of a larger 
circle, when the diameter of the small 
circle is either one-third or two-thirds 
that of the larger one.) If you break a 
toothpick to the size of the line segmen t 
shown, you will find by experiment that 
it can be rotated inside the deltoid as a 
kind of one-dimensional rotor. Note how 
its end points remain at all times on the 
deltoid's perimeter. 

In 1927, 10 years after Kakeya 
popped his question, the Russian mathe­
matician Abram Samoilovitch Besico­
vitch (then living in Copenhagen) 
dropped a bombshell. He proved that 
the problem had no answer. More accu­
rately, he showed that the answer to 
Kakeya's question is that there is no 
minimum area. The area can be made 
as small as one wants. Imagine a line 
segment that stretches from the earth to 
the moon. We can rotate it 360 degrees 
within an area as small as the area of a 
postage stamp. And if that is too large, 
we can reduce it to the area of Lincoln's 
nose on a postage stamp. 

Besicovitch' proof is too complicated 
to give here, but one can get the general 
idea by studying the bottom illustration 
on this page (reproduced from C. Stanley 
Ogilvy's book Through the Mathe­
scope). By sliding the line segment back 
and forth from pOint to point, it can be 
turned completely around within the 
figure, which has an area smaller than 
the deltoid. By increasing the number of 
cusps the area can be made as small as 
desired. Of course, as the area diminishes 
and the cusps increase we have to work 
longer in moving the line segment back 
and forth from cusp to cusp, but we can 
make the area as small as we please and 
still do the trick in a finite number of 
moves. 

For readers who would like to work 
on a much simpler problem and one that 
does have an answer: What is the small-

est convex area in which a line segment 
of length 1 can be rotated 360 degrees? 
(A convex figure is one in which a 
straight line, joining any two of its 
points, lies entirely on the figure. 
Squares and circles are convex; Greek 
crosses and crescent moons are not.) The 
answer will be given next month. 

'rhe answers to last month's problems 
follow. 

l. To form the lowest integral frac­
tion that will give a specified number as 
a repeating decimal (provided that the 
number does not consist entirely of 9's), 
draw a line beneath the number, then 
under the line place the same number of 
9's as there are digits in the number. 
Reduce to lowest terms. Thus 27 is end­
lessly repeated as the quotient of 27/99, 
which reduces to 3/ 1 1. 

2. Only four numbers are equal to the 
sum of the cubes of their digits: 153, 
370, 37 1 and 407. 

3. Dr. Matrix' cell number is 45. When 
a decimal point is placed between the 
digits, it becomes 4.5, the average of 4 
and 5. The answer is unique. 

4. The floor of Dr. Matrix' cell is 
three by six yards. The only other rec­
tangle of integral sides, with a perimeter 
equal to area, is the four by four, but 
Dr. Matrix specifically stated that the 
floor was not square. The problem has 
historical interest. B. L. van del' Waer­
den, in his beautiful book Science 
Awakening, quotes the following pas­
sage from Plutarch: "The Pythagoreans 
also have a horror for the number 17. 
For 17 lies exactly halfway between 16, 
which is a square, and the number 18, 
which is the double of a square, these 
two being the only two numbers repre­
senting areas for which the perimeter 
(of the rectangle) equals the area." 

The problem yields readily to simple 
Diophantine analysis. Let x and y be 
the rectangle's sides. The area, xy, 
eCluals the perimeter, 2x + 2y. When 
written like this, 

4 
y=2+x-2' 

it is apparent that y is integral only if x 
is 3, 4 or 6. This leads to the two possible 
answers. 

5. The letters of CHESTY can be re­
arranged to make only one other word: 
SCYTHE. 

6. Iva Toshiyori's remark ("The day 
before yesterday I was 22, but next year 
I'll be 25") makes sense onlv if she made 
it on January 1 and her birthday is De­
cem ber 3l. 
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A new solid state radar system built by STL engineers and 

scientists can send out and receive signals at X-band fre­

quencies to help man rendezvous and dock vehicles in 

space. STELATRAC is its name. It is the first solid state 

system of its kind. The X-band transmitter is shown above. 

It has successfully passed temperature and vibration tests. 

STELATRAC can also be used as a command link between 

vehicles in flight. By altering its module design, the flexible 

radar system operates as an altimeter and doppler velocity 

sensor to guide spacecraft safely to the surface of the moon 

and planets. Today STL is busy on many such projects as 

STELATRAC. STL is also prime contractor for NASA's 

OGO and' a new series of classified spacecraft for Air Force­

ARPA. And STL continues Systems Management for the 

Air Force's Atlas, Titan and Minuteman programs. These 

activities create immediate openings in Theoretical Physics 
• Systems Engineering • Radar Systems • Experimental 

Physics • Applied Mathematics • Space Communications· 

Antennas and Microwaves • Inertial Guidance • Analog 

Computers • Solid State Physics • Computer Desigrt • 

Telecommunications • Space Physics • Digital Computers 
• Guidance & Navigation • Electromechanical Devices • 

Engineering Mechanics· Aerodynamics · Propulsion 

Systems. For Southern California or Cape Canaveral 

positions, write Dr. R. C. Potter, Department J-2, 
One Space Park, Redondo Beach, California, or Box 

4277, Patrick AFB, Florida. Your inquiry will receive 

a prompt reply. STL is an equal opportunity employer. 

• SPACE TECHNOLOGY LABORATORIES, INC. V6 a subsidiary of Thompson Ramo Wooldridge Inc. 
515 
Los Angeles . Vandenberg AFB • Norton AFBr San Bernardino· Cape Canaveral· Washington, D.C . • Boston . Huntsville · Dayton 
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Life sciences explore the anatomy of space 

The life sciences group at The Garrett Corporation is 
concerned with the reaction of living organisms to their 
environment, and the development of environmental systems 
to support such organisms. Intensive investigation is now 
being conducted at Garrett in all major areas of the life 
sciences -microbiology, neurophysiology, psychology, bio­
chemistry, biophysics and related areas-to study the rela­
tionship of man to his environment in extended space travt'1. 

These studies vary in scope from determining the effects of 
near vacuum conditions on laboratory subjects over long 
periods of time, to definitively evaluating the effects of 
re-entry acceleration on human beings. 

The only product of this extensive life sciences program 
is knowledge - knowledge which will support the important 
contributions continually being made by The Garrett Corpo­
ration to this nation's manned spact'Aight programs. 

THE GARRETT CORPORATION · AiResearch Manufacturing Divisions . Los Angeles g, 

California . Phoenix, Arizona · other divisions and subsidiaries: Airsupply-Aero Engineer­

ing • AiResearch Aviation Service ' Garrett Supply ' Air Cruisers . AiResearch Industrial 

• Garrett Manufacturing Limited • Garrett International S. A . • Garrett (Japan) Limited 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

A lmost everyone is fascinated by the ft marvelous geometry of certain 
spider webs, but almost no one 

has undertaken to collect such webs. 
The reason is not far to seek: spider 
webs are synonymous with insubstan­
tiality, and cannot be gathered like sea 
shells. One solution to the problem has 
been devised by Laura Barr Lougee, a 
former director of design for the Cran­
brook Institute of Science in Michigan 
who is now living and working in Par­
sonsfield, Me. Mrs. Lougee sprays the 
webs with lacquer and then lifts them 
from their moorings on a sheet of paper. 
By this expedient she has been able to 
spend many hours studying the logic of 
the webs. Mrs. Lougee writes: "Some of 
my museum work projected me into the 
role of a spider web fancier. As I began 
looking for webs, I soon realized that the 
world is festooned with silken threads 
spun into fantastic designs. They are 
on the inside and outside of buildings, 
between the stems of grasses, between 
branches and leaves and under the bark 
of trees. They are on the ground and un­
der it and among rocks, even on a rocky 
seacoast, where they are suspended just 
out of reach of the tide. 

"Each web is a functional structure 
whose purpose is to trap insects. Spiders 
are the world's most effective control of 
insect populations-far more efficient and 
less dangerous to man and other organ­
isms than any insecticide. The spiders' 
traps are marvels of engineering. A basic 
type of structure is built by each genus 
of spider, but an individual spider adapts 
its architectural design and engineering 
plan to a particular environment. The 
site determines some of the structural 
elements. Inconsistencies are based on 
the outline of the site, on wind direction 
and wind speed, on intervening obstacles, 
on the amonnt of precipitation and on 

How to collect and preserve 
the delicate webs of spiders 

other modifying factors. As a result the 
foundation strands of the webs differ, 
and the spider spins its standard pat­
tern within varying frameworks. 

"Large spans require strong reinforce­
ment, and in windy areas and along 
shores of lakes I have been able to col­
lect with less breakage because there the 
webs are stronger than they are in the 
shelter of deep woods, even though 
the webs are built by the same genus of 
spider. Consideration seems to be given 
to the location that offers the best poten­
tial source of food. Lighted windows 
attract certain insects, and it is across 
these openings that hangs the 'orb web' 
spun by the spider Araneus marmoretls 
[see illustration on next page]. In the 
basement of a barn it is around a lone 
window that the orbs of this spider are 
strung; in the unlighted areas of the barn 
I have found only the haphazard strands 
of the spiders of the theridiid family. In 
a completely dark basement I have dis­
covered noAraneus marmoreuswebs but 
have seen many sheets spun by theridiids 
and the orb webs of the nearly blind cave 
spiders [see top illustration on page 
162]. Apparently Aranetls marmoreus 
seeks light and the insects that light 
attracts. Perhaps this indicates that dif­
ferent families of spiders prefer to eat 
particular kinds of insects. 

"There is a rich variety in the design 
of spider webs. The design that is liter­
ally closest to home is the apparently 
tangled maze of the house spider Theri­
dium tepidariorum. Actually this irregu­
lar mesh is based on a predetermined 
plan and is a most efficient trap. 

"Some webs that are spun on the 
ground look like small glass carpets when 
they are wet with morning dew. These 
are sheets woven into funnels that lead 
down into the ground [see middle illus­
tration 011 page 162]. Strands of silk are 
strung above each web; Hying insects 
bump into them and drop into the trap 
below. Grass spiders (Agelel1idae) work 
throughout the summer perfecting and 
strengthening their webs, until by fall 
the webs are at their peak of efficiency 
and beauty. 

"Some spiders (genus Erigone) build 

sheet webs in bushes and tree branches. 
These are horizontal platforms with trip­
threads crisscrossed above them. The 
spider waits under the Hoor and, as in­
sects fall onto the trap, pulls them 
through the sheet. The rips are repaired 
immediately, with the result that the 
sheets last a long time. 

"The woods in my locality are full of 
dome webs spun by Lil1yphia margil1ata 
that sparkle like silken parachutes among 
the branches of high trees and low 
shrubs. These are roofed-over sheet 
webs. The spider hangs under the dome 
to catch insects that land on top of the 
dome and also those that are knocked 
to the Hoor by the almost invisible 
threads strung between Hoor and ceiling 
[see bottom illustl'ation on page 162]. 

"The triangle web is a compact, 
stripped-down structure and an ingen­
ious trap. It is wedge-shaped and has 
four spokes radiating from a single strand 
[see illustration on page 164]. The 
builder of this neat and simple structure, 
a member of the genus Hyptiotes, waits 
on the slackened strand away from the 
web, and when an insect brushes against 
the threads, the spider vigorously pulls 
the guy line taut and shakes the web, 
thoroughly entangling the victim in 
sticky silk. 

"The most spectacular webs are of 
course those spun by the orb weavers. 
The spokes of these webs are dry silk 
laced with spiral strands covered by 
viscous droplets. To form and space the 
drops evenly along the threads the weav­
er applies a widespread phenomenon 
of nature: the standing wave. First the 
spider attaches a thread coated with a 
thin glue to a radius, pulls it taut and 
attaches it to the next spoke. Then, be­
fore repeating the operation between 
the next two radii, the line is plucked 
as if it were a guitar string. The vibra­
tion sets up standing waves-evenly 
spaced intervals of maximum vibration 
along the fiber that are separated by 
nodes. The glue Hows to the nodal points, 
where it collects as minute and remark-
ably uniform droplets. . 

"The fragile orb webs are often torn 

bv insects, wind, rain and at least one 
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human female web collector, but the pa­
tient weavers rebuild as necessary, some­
times as often as once a day. After a 
driving rain that demolished virtually 
every web strung among the trees in our 
woods, I was able to collect samples of 
early phases of reconstruction within 10 
minutes after the storm. 

"Sometimes the long guy lines that 
sustain the orb itself are used by neigh­
boring spiders as mutual supporting 
strands. It has been established that each 
spider's world is within the boundaries 
of its own snare. An orb spinner does 
not voluntarily leave the confines of its 
trap and there is no visiting among the 
spiders. In fact, a trespasser is quickly 
attacked. An interesting exception takes 
place during the mating season. During 
this period a male spider plucks the fe­
male's web in such a way that he is 
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Orb web from 11 basement wi.ndow 

immediately recognized and not mistak­
en for prey. 

"Orb webs come in many sizes; the 
size is in direct proportion to the length 
of the builder's legs. There are modifica­
tions in the hub designs constructed by 
the different varieties of orb spinners. 
Experienced observers can identify the 
builder by its handiwork. The accom­
panying webs show some typical pat­
terns [see page 166]. 

"My principal technique for collect­
ing webs should be easy for anyone to 
master. I simply spray the web with 
lacquer and mount it on a sheet of paper. 
I trudge through the woods for hours 
carrying my spray can and searching for 
the virtually invisible silken traps. My 
middle-aged eyes require a bit of aid. At 
each likely web site I don my bifocals 
and examine what often turns out to be 

blank space. Staring into empty air at 
close range makes one feel ludicrous 
enough, but spraying that air with paint 
appears even more so to onlookers who 
cannot discern the beautiful patterns 
that occasionally materialize. 

"There are many ways to collect webs, 
but with my technique the web is first 
sprayed with a color that will make a 

contrast with .the chosen background for 
better visibilitv. The spraying must be 
done at quite a distance from the web 
or the jet of air may damage the struc­
ture. The color must be built up gradu­
ally with several thin coats of fine mist, 
so that the growing weight of the lac­
q uer does not make the strands sag or 
otherwise disfigure the structure. 

"After the web is colored a sheet of 
paper or cardboard is placed behind it; 
the web is composed against the sheet 
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Bellcomm is visiting the moon now-via scratch pads, blackboards and computers. It is 

helping NASA plan the systems needed to get man there and back . •  This important task 

offers rewarding opportunities to men experienced in the fields of physics, engineering, mathematics, 

flight mechanics, propulsion, man-machine relationships, aerodynamics, and aeronautical engineering . 

• If you believe you have the professional ability and training to engage in this complex work, Bellcomm 

will give your resume prompt, thoughtful study. Send it to Mr. W. W. Braunwarth, Personnel Director, 

Bellcomm, Inc., Room 503K, 1737 L St. N. W., Washington 6, D.C. Bellcomm, a new Bell System company, 

is an equal opportunity employer. @flt 
J Ul iA BELLCOMM, INC. 

� A Bell Telephone System Company 
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venturesolDe/preCision 
IlDagination Craftsmanship 

.. yield the best in home listening 

There are two principal reasons why the 
sound of JBL loudspeakers is universally 
preferred by critical listeners who are quali­
fied by talent and profession to judge audio 
quality: 

1. The imaginative application of certain widely· 
known but narrowly-practiced princip�s of acous­
tical theory results in a family of transducers 
which are uniquely JBl. 

2. Precision craftsmanship. 

Only JBL provides you with ... 

Made of metal ribbon 
wound on its narrow 
edge, the large·diameter 
JBl voice coil stiffens 
the speaker cone to form 
a rigid acoustic piston. 
Further, this permits 
subjecting an unusually 
large amount of conduc· 
tor to the lines of force 
in the magnet gap. Re· 
suit JBl transducers are 
the most efficient in the 
world. 

15" fUll range loudspeaker with 
4" YO ice coil. 

ACOUSTICAL LENS 

II 
This Is one of 
several forms 

The most satisfactory 
method yet devised for 
counteracting high fre· 
quency beaming is the 
acoustical lens devel­
oped by JBL for home 
listening. The lens dis· 
tributes mid and high 
frequencies throughout 
the listening area in a 
s m o o t h  a n d  u n i f o r m  
wide·angle pattern that 
does not change appre· 
ciably with frequency. 

Two matched, three·way, horn·loaded speaker 
systems in the awesome J8L Ranger-Paragon are 
integrated through a radial panel which reflects 
and refracts audio energy so that a true stereo­
phonic effect is available to all listeners-off· 
axis as well as on - in the listening room. 

The standards of precision adhered to by 
JBl are of an order usually reserved for the 
manufacture of laboratory measuring instru· 
ments. You can see external evidences of 
meticulous precision, feel the solid heft of 
an instrument built without compromise, and 
you can always hear the difference JBl 

precision makes when you examine JBl 

transducers at the establishment of the 
Authorized JBl Audio Specialist in your com· 
munity. Write for his name and address and 
your free copy of the complete JBL catalog. 

LOS ANGELES 39, CALIFORNIA 
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and then the paper is carefull�' brought 
for\Vard into contact \Vith the fibers. The 
long structural strands are cut at the 
edges of the paper and the web is re­
moved from its site. 

"There are a fe\V pitfalls. Smooth pa­
per presents problems; most \Vebs do not 

cling to it readily. Such paper can be 
used if the rim of the sheet is sprayed 
\Vith rubber cement. The tacky border 
\VilI then catch and hold the radial 
strands. The instant any structural 
strands are broken or pu lied out of align­
ment the entire \Veb disintegrates. An-

Drawillg of dome web 

© 1963 SCIENTIFIC AMERICAN, INC



AN INVITATION TO 
RESEARCH-MINDED PEOPLE 

from the 

u.s. NAVAL 
LABORATORIES 

of the POTOMAC 
You may already be familiar with one or more of the Navy's research and 
development organizations in suburban Washington and nearby communi­
ties. But this will be your first contact with all NINE as an entity ... the 
first in a series of personal messages frankly intended to acquaint engineers 
and scientists of almost all disciplines and levels of experience with the un­
usual advantages offered in common by the U. S. Naval Laboratories of the 
Potomac-in the heartland of the nation's research effort. 

Nowhere else can you find ... 

• The opportunity, not occasionally 
but constantly, to work on and contrib­
ute to large-scale programs of national 
significance. 

• Ou t s t a n d i n g - a n d  o f t e n t i m e s  
un iq ue-facilities a n d  equipments, 
backed up by the vast resources of the 
Navy itself. 

• Broad-ranging responsibilities-far 
beyond what you're likely to find else­
where-for a number of programs, or 
in a variety of study areas. (Your best 
way to know what's going on, and to 
become widely known yourself.) 

• The stimulation of the Nation's 
Capital, but in suburban areas, out of 
traffic and congestion. 

• The freedom to think and act on 
your own initiative, unfettered by the 
corporate "profit-motive" limitation. 

• A nice blending of stability and op­
portunity, enhanced by the fact that 
the Washington area has grown to be­
come one of the four largest private 
research centers in the nation. 

• Career Civil Service-up to 26 days 
paid vacation and 13 days sick leave 
per year, partly-paid insurance pro­
gram, a new inflation-proof retirement 
policy, etc.-and a variety of graduate 
education programs for advance de­
grees. 

If you will send your qualifications and career Interests to 

Mr. Charles Crupi, Assistant District Civilian Personnel Director, 
Headquarters-Potomac River Naval Command, U.S. Naval Station (Navy Yard Annex), 
Washington 25, D.C .... he will relay this information to the member organizations. 

(Sending a Standard Form 57, available at any Post Office, will expedite matters.) 

NAVAL RESEARCH 
LABORATORY 
-heavy emphasis on pure and basic re­
search into all the physical sciences under 
sponsorship of various government agencies 
in order to increase knowledge of the 
sciences themselves . . . as well as to 
improve materials, equipment, techniques 
and systems for the Navy. 

NAVAL ORDNANCE 
LABORATORY 
-conducting RDT & E of complete ordnance 
systems, assemblies, components, and mao 
terials pertaining to existing, advanced and 
proposed weapons ... principally to missiles 
and underwater ordnance. Special research 
in the ordnance sciences. 

NAVAL WEAPONS 
LABORATORY 
-engaged in research and development by 
applying mathematics, physics and engineer· 
ing to ballistics, astronautics, high·speed 
scientific computation, and advanced weapon 
technology. Located on the Potomac south 
of Washington. 

NAVAL OCEANOGRAPHIC 
OFFICE 
-growing programs involving new develop· 
ments, methods, techniques and equipment 
in oceanography, hydrography, gravity, mag· 
netism, instrumentation, and related naviga· 
tional science . . .  including charts and 
publications. Was the Navy's Hydrographic 
Office. 

DAVID TAYLOR 
MODEL BASIN 
-a complex of four laboratories ... Hydro· 
mechanics, Aerodynamics, Structural Me· 
chanics and Applied Mathematics ... for 
fundamental and applied research into sub· 
marine, surface ship, aircraft and missile 
design concepts, and Operations Research. 

NAVAL PROPELLANT PLANT 
-conducts studies in chemistry, chemical 
engineering, chemical process development 
and pilot plant operation for solid propel­
lants ... and manufactures, inspects, tests 
and delivers missile propulsion units and 
related components. 

NAVAL AIR TEST CENTER 
-responsible for testing and evaluating 
naval aircraft weapons systems and their 
components to determine their conformity 
to specifications and operating require· 
ments. Located at Patuxent River, Maryland . 

NAVAL WEAPONS 
SERVICES OFFICE 
-provides BuWeps, the Fleet, and shore 
facilities with engineering, technical and 
certain management services leading to total 
program support, maintenance, training, and 
documentation of shipboard weapons sys· 
tems and equipments. 

NAVAL OBSERVATORY 
-continued fundamental observations of 
positions and motions of selected celestial 
bodies . . . basic research in positional 
astronomy and celestial mechanics . . . 
determination of precise times and fre· 
quencies . . . computing and publishing 
astronomical ephemerides and star catalogs. 
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ENGINEERS. SCIENTISTS 

DIGITIZING 
A STAR 

ALMANAC 
for missile and 

spacecraft navigation • 

Many advanced concepts and techniques­

aimed at lifting the state-of-the-art in stel­

lar-inertial systems - are under study at 

General Precision Aerospace. Among them 

is the feasibility of a microminiaturized 

digital computer memory, covering position 

references of selected stars, hour by hour, 

throughout the entire year. 

THIS EXCEPTIONAL COMPETENCE IN 

STEllAR·INERTIAl SYSTEMS 

• . .  can further your career substantially 
General Precision Aerospace is one of just 

three firms in the country with full. in-house 

capability to design, develop and provide 
systems management for complete celestial­

inertial guidance and control systems. It 

offers qualified engineers and scientists an 

outstanding opportunity to gain high pro­

fessional competence in an advanced area 

of missile and spacecraft technology ... and 

to grow with a growing organization. 

OVER 160 NEW POSITIONS CREATED 

BY CONTRACT BACKLOG INCLUDING 

M M R B M PROGRAM 

The Systems Division of General Precision 

Aerospace is engaged in a major new pro­

gram to provide stellar-inertial guidance 

for MMRBM. the Mobile Mid·Range Ballis· 

tic Missile. The company is also working on 

a new guidance and control system for ballis­

tic missile nose cones and on the PRESS 

programs. 

Opportunities exist at both Interme­
diate and Senior Levels on Astro 
Sensing Sub-Systems; Aerospace 
Ground Support Equipment; Com­
mand & Control Systems; Telemetry; 
Avionic Systems; Aerothermodynam­
ies and Propulsion Systems Analysis; 
Data Reduction & Analysis; Marine 
Navigation Systems and Operations 
Analysis, as well as Stellar-Inertial 
Guidance Systems. 

Please forward your resume; indicate current 
salary. in confidence to Mr. Paul Kull. 

KEARFOTT DIVISION 
SYSTEMS DIVISION 
RESEARCH CENTER 

1150 McBRIDE AVENUE. LITTLE FALLS. NEW JERSEY 
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Triangle web 

other way to assure adhesion to the 
background is to sprav one side of the 
web with rubber cement before collect· 
ing it against the paper. Flocked paper 
makes one of the best background mao 
terials because the nap tends to hold 
the fragile silk in place. After the web is 
mounted on its background the entire 
sheet can be strengthened by spraying 
with clear Krylon or a similar plastic. 

"Even people who abhor spiders ac­
knowledge that spider webs are compo· 
sitions of remarkable beauty when they 
are transferred from the corners of rooms 
and attic beams to backgrounds of color 
and placed in appropriate frames on 
walls. Demolishing webs may dismay the 
spiders. but it does not entirely disheart­
en them; they promptly rebuild the 
webs. 'Nebs are expendable but spiders 
are not. so care should be taken to safe· 
guard the lives of these hardworking 
creatures. 

"It is particularly interesting to studv 
the webs in relation to the species that 
spin them. At one point in the evolu· 
tion of arachnology attempts were made 
to classify spiders by the type of web 
they weave. Subsequently it was found 
that some closely related species spin 
webs of radically different types and 
that some distantly related species con­
struct similar webs. On the other hand. 
the web spun by a given spider is con­
sistently characteristic of its species and 
even of the age of the spinner. Some 
adult orb weavers spin webs as large as 
nine feet in diameter; the young of the 
species make similar webs that measure 
only a few inches across. By collecting 
and cataloguing specimen webs in loose· 
leaf binders it is possible to follow the 
growth and development of a species 
throughout a season. Unfortunately the 
existing collecting techniques preserve 
specimens in only two dimensions. This 
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Come to Northrop and get it off your mind. 

A new idea can't mature on uncritical acceptance. It must challenge. It must convince. Its survival and growth depend on an 

atmosphere of open discussion. 

If you enjoy the stimulation of free debate, you'll like working at Northrop. We have more than 70 active projects in work, 

and we're constantly evaluating new lines of inquiry. Present programs cover such fields as interplanetary navigation and astro· 

inertial guidance, aerospace deceleration and landing, man· machine and life support systems for space, automatic checkout and 

failure prediction systems, laminar flow control techniques, undersea technology and world·wide communications. 

Why not get in touch with us, and talk things over? Write to Dr. Alexander Weir, Northrop 

Corp., Beverly Hills, California, and tell us your field of interest. You'll receive a prompt reply. NORTHROP 
AN EQUAL OPPORTUNITY EMPLOYER 
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Expanded responsibilities as 
prime contractor and sys­
tems integrator for the 
USAF Standard Space 
Launch System 

ITAIVIII 

have created new career 
openings at Martin Denver. 
Positions offer opportunity 
for professional develop· 
ment, advanced education, 
with desirable family living 
environment for individuals 
possessing appropriate de­
gree and experience in 

Aerodynamics 

Systems Maintainability 

b Propulsion 

I Guidance and Control 

Send resume, in confidence, 
to F. A. McGregor, Manager 
of Personnel Staffing, Mail 
#A-64. 

IWARTIN 

MARIETTA 

NlARTIN 
P. O. Box C ·179 • Denver 1, Colo. 

An equal opportunity employer 

works well in the case of orb, triangle 
and sheet webs. One wishes that a meth­
od could be developed for preserving 
the three-dimensional structures, such 
as funnel and dome webs, without dis­
tortion. 

"Pending such a development, I shall 
continue collecting specimens in two cli-

\. 

\ 
\ 

/ 
L 

/ 

/ 
/ 

.-" . .  " 

Illensions. As one would suppose, Ill\' 
preoccupation has clone little to enhance 
IllV reputation as wife, Illother and 
housekeeper. After all, IllV investigations 
have put Ille sCJuarely on the side of the 
much maligned spider. I have come to 
enjov touting it as a benefactor to Illall 
and particularlv to his wife." 

Orb web, /ro/1l deep in the woods (top I "nd" windy l(lke "hore I bottcm) 
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MATERIALS TECHNOLOGY 

Improved metal-working techniques are continually being developed at Aerojet-General. For example, the 
microphotographs above show how hydrospinning (flo-turning and shear-forming are comparable terms) 
alters the microstructure of tungsten to increase its tensile strength and improve its toughness during the 
formi ng of useful components. Fig ure (A) is a microphotograph of shear-spun tungsten, and (B), of unworked 
tung-sten. This technique provides an inexpensive method for producing tungsten shields for solid rocket 
components-shields which cannot be obtained through more conventional forming methods. This is only 
one of the many techniques available to our engineers and scientists through the unusually extensive shop 
and laboratory facilities at Aerojet-General.® 

We invite you to participate in our challenging advanced research activities. 
Aerojet-General needs fabrication and materials research scientists with advanced degrees and unusually 
high levels of achievement in mechanical, chemical, and metallurgical engineering for currently evolving 
research programs. Your letter will receive prompt confidential attention. Write Dr. P. L. Nichols, Jr., 
Manager, Aerojet -General Sol i d Rocket Research, P. O. Box 1947 -P, Sacramento, California. An equal 
opportunity employer. 

SOLID ROCKET PLANT / Sacramento, California 
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FREE This Outstanding 4-Volume Library 
IORI This Complete Science Reference 

VALUES TO $2975 
VAN NOSTRAND'S 
SCIENTIFIC 
ENCYCLOPEDIA 
Revised, enlarged third 
edition of this classic of 
modern scientific refer­
ence. 1800 pages, 14,000 
articles, over 100,000 def­
initions, more than 1400 
illustrations, many in 
color. Facts, principles, 
applications from every 
field. Compiled by 36 
eminen1: scientists. Cross­
indexed for immediate 
reference. "Amazing job." 

-The N. Y. Times. 
LIST PRICE $29.75 

THE WORLD OF 
MATHEMATICS 
Perhaps the most signifi­
cant scientific publication 
of the decade, assembled 
over 15 years by James 
R. Newman of Scientific 
American. This unique 
panorama of 2500 years 
of scientific progress pro­
vides a chronicle of math­
ematical thought from the 
Rhind papyrus to relativ­
ity and automation. 2560 
pages, 500 illustrations, 
113 authors. 4 volumes, 
boxed, stamped in gold. 

LIST PRICE: $25.00 

... TO DEMONSTRATE THE ADVANTAGES OF MEMBERSHIP IN The Library of Science 
THIS TRIAL OFFER dramatizes at least two 

reasons why more than 57,000 scientists and 
professionals have joined The Library of Science: 
( 1) Your choice of either Introductory Gift 
demonstrates the calibre of books and the savings 
( over 40% ) you enjoy; and (2) Selections listed 
exemplify the broad program which, from hun­
dreds of titles published monthly, offers the 
most valuable for your consideration. 

Choose from Many Disciplines, at Reduced Prices 
You may draw upon titles in Electronics, Mathe­
matics, Evolution, Genetics, Physics, Chemistry, 
Biology, Technology, Medicine, Human Behav­
ior, Astronomy, Natural History, Anthropology, 
Philosophy of Science and other areas, as well 
as Scientific Reference. 

Members receive a monthly Newsletter con­
taining authoritative reviews of significant new 
works. You need NOT take a book each month 
... only three more Selections during the coming 
year, at Members' Prices. You receive a Bonus 
Book after every fourth Selection. 

lO-OAY TRIAL EXAMINATION 
Mail coupon now, indicating your choice of Gift 
and first Selection. Examine the books for 10 
days. Then, either return them and trial member­
ship will be canceled ... or pay only the Mem­
bers' Price for your first Selection, and accept as 
few as three more during the next 12 months. 

Coupon Brings Introductory Gift FREE 
________________ -=-

THE LIBRARY Of SCIENCE, Dept. Ll09, 
59 fourth Avenue, New York 3, N. Y. 

Enroll me as a member and send the Introductory 
Gift and first Selection indicated below. I may 
return both books in 10 days and owe nothing. 
Otherwise. bill me only for my first Selection at 
reduced Members' Price plus postage. As a mem­
ber I need take as few as 3 more Selections during 
the next 12 months from scores offered at Mem­
bers' Prices. I will receive a Bonus Book of my 
choice after every fourth Selection. 

o X�I!�rf��rand's 0 L������i�� 
Encyclopedia (4 vols.) 
Value: $29.75 Value: $25.00 

First Seiection: ____________ _ 

NAME . . . . . . . . . • . • • . . • . . . . . . . • . . . . . . • • . •  

I 
ADDRESS . • • • • . . . . • • • • • • . . • • . . . . . . •. • • . • •  

• CITY . . . . . . . . • . • . . .  ZONE .... STATE . . . . . • .  

II!.. ----------------- � 
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Begin With One of These 12 Distinguished Selections 

PROBABILITY THEORY & 
ITS APPLICATIONS, by Wil­
liam Feller. "A rigorous 
and unified account in the 
light of modern investiga­
tions." W. M. Hirsh. 

List Price $9.75 
Member's Price $6.95 

THE IDEAS OF BIOLOGY 
and THE NATURE OF LIFE. 
J. T. Bonner's lucid pre­
sentation of the life proc­
esses - and C. H. Wad­
dington's exposition of bio­
logical thought, problems 
and prospects. (Two books 
count as one Selection.) 

List Price $8.95 
Member's Price $6.50 

THE ANCIENT SUN KING­

DOMS by Victor W. von 
II agen. The splendor of the 
Aztecs, Mayas and Incas 
whose civilizations rivaled 
those of Europe. A lavishly 
illustrated work by one of 
America's foremost archae­
ologists. List Price $12.50 

Member's Price $7.95 

CHAMBERS'S TECHNICAL 
DICTIONARY, ed. by Twe­
ney & Hughes. Revised 
3rd Edition of the refer­
ence work in its field. 1028 
pages, over 60,000 entries. 

List Price $7.95 
Member's Price $5.95 

MATTER, EARTH AND SKY, 
by George Gamow. "A 
most fascinating journey 
of the entire physical cos­
mos, from the infinitesimal 
to the infinite. Up-to-date, 
comprehensive and author­
i t a t i v e .n W i l l i a m  L. 
Laurence. List Price $10.00 

Member's Price $6.50 

ASTRONOMY OF THE 20TH 

CENTURY, by Struve & 
Zebergs. Major document 
of great men and achieve­
ments of astronomy's 
"Colden Age " - includes 
photometry, island uni­
verses, radio astronomy. 
200 illus. List Price $12.50 

Member's Price $7.95 

A STYLE MANUAL F O R  
TECHNICAL WRITERS AND 

EDITORS, edited by S. J. 
Reisman. Illustrated guide 
to planning, writing, edit­
ing, designing and produc­
ing technical communica­
tions of all types. 

List Price $8.00 
Member's Price $5.95 

MA THEMA TI CS AND P LAU­

SIBLE REASONING, b y  
George Polya. Two vols. 
Induction and Analogy in. 
Mathematics and Patterns 
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by Theodosius Dobzhansky 

THE ORIGIN OF RACES, by Carleton S. 
Coon. Alfred A. Knopf, Inc. ( $10 ) .  

The Origin of Races is a n  important 
book . It is also a controversial one. 
rt is  important because it provides 

a detailed and critical review of what is 
known about fossil man, and in such a 
way as to create order and a system in 
a field of study that has traditionally 
suffered from an accumulation of dis­
connected and undigested observations . 
It is the subject of controversy because 
Professor Coon states some of his con­
clusions in a way that makes his work 
susceptible to misuse by racists, white 
supremacists and other special pleaders. 
This misuse b egan even before the book 
was published, and it is continuing. 
Some of the points that cause the trouble 
are rather subtle, and they merit careful 
consideration and analysis. 

Human evolution and human origins 
are naturally more interesting to most 
humans than the evolution of other or­
ganisms. It is hardly surprising, there­
fore, that a considerable effort has been 
made to find the fossil remains of men and 
their ancestors . Every scrap of bone that 
is found is studied and described in the 
minutest detail . Although human fossils 
are relatively rare, they have been un­
earthed at dozens of sites distributed 
over every continent except Antarctica. 
The remains of several hundred indi­
viduals are represented, often, of course, 
by different parts of the skeleton . The 
rate of discovery has been so high in re­
cent vears that it is not unreasonable to 
hope that future finds will throw new 
light on critical chapters in the story of 
human evolution. Of the 724 pages in 
Professor Coon's book, 438 ( chapters 7 
through 12 ) are devoted to a painstak­
ing description of the available hominid 
fossils. This  is  unquestionably the most 
valuable part of the book; no other work 
in English, nor as far as I know any in 
another l anguage, gives as complete and 

BOOKS 
A debatable account 
of the origin of races 

up-to-date an account of the matter. The 
introductory chapters (1 through 6) 
outline the principles of the theory of 
evolution, particularly as it applies to 
man, and review brieRy the living and 
fossil primates and man's relation to 
them . A short 13th chapter summarizes 
the conclusions. Professor Coon is an 
experienced and clear writer; the bones 
he describes may be as dry as dust, but 
his account of them is so engrossing that 
the interest of the reader will not Rag. 

The interest of humans in human evo­
lution is not, however, an unadulterated 
blessing .  Investigators working in this 
field are often tempted to draw from 
the bones they study conclusions that 
these scraps of evidence cannot really 
support. One difficulty, which at first 
might seem unimportant, is that the dis­
coverers of hominid fossils like to give 
to their finds generic and specific names 
in Latin . The name PithecanthTOplis 
erect us is assigned to fossils found in 
Java; Sinanthrop us pekinensis, to those 
found in the vicinity of Peking .  Did the 
Java and Peking men belong to different 
zoological genera and species? Not at all; 
judging from their bones they differed 
only about as much as do some of the 
races of men now living .  Neanderthal 
man has been assigned to the separate 
species Homo l1ea nderthalensis, and on 
occasion even to a separate genus, PTO­
tal1throp us neal1derthalensis. On the 
basis of Latin names it appears that 
there existed some two dozen hominid 
species and genera during the geologi­
cally rather short Pleistocene epoch . 

Does it really matter what Latin name 
one bestows on a fossil? Unfortunately 
it does. It Ratters the discoverer's ego to 
have found a new hominid genus, or at 
least a new species, rather than a mere 
new race. But generic and specific names 
are not just arbitrary labels; they imply 
a biological status. Living men constitute 
a s ingle species: Homo sapiens. Now, 
Homo sapiens can be descended from 
only one ancestral species living at any 
given time in the past . To be sure, some 
pl ant species arise from the hybridiza­
tion of two ancestral species, followed 
b�' a doublin g of the complement of 

chromosomes, but it is most unlikely that 
mankind could have arisen by such a 
process. It follows, then ,  that if two or 
several hominid species lived at a given 
time in the past, only one of them can 
possibly be our ancestor. All other spe­
cies must be assumed to have died out 
without leaving descendants. 

This creates an issue that for years 
was quite troublesome to students of 
human origins. Consider, for example, 
the fact that in Europe some 30,000 
years ago Neanderthal man was replaced 
by men whose bones so closely resemble 
our own that almost all authorities con­
sider them a race of Homo sapiens. If 
the Neanderthalers belonged to a really 
different species, they were probably 
wiped out by Homo sapiens. If, however, 
this was an early episode of genocide, 
where did the invading Homo sapiens 
come from? The rest of the world was at 
that time, and in earlier times, inhabited 
by hominids with other specific or 
generic names. There are similar puzzles 
to be found in other parts of the world; 
to give just one more example, what 
happened to Peking man, and where did 
the ancestors of the present inhabitants 
of eastern Asia come from? 

A solution to these puzzles was sug­
gested about two decades ago by the 
eminent human anatomist and paleontol­
ogist Franz Weidenreich. He realized 
that, in spite of the riot of Latin names 
given to the fossils, the world was in­
habited, at least since the middle Pleisto­
cene, by only one human or prehuman 
species at any one time.  Our middle 
Pleistocene ancestors all belonged to a 
species that we m ay call Homo erectus. 
In time this species was gradually trans­
formed into Homo sapiens. Weiden­
reich's solution seemed rather too radical 
to some authorities, but it was accepted 
by Professor Coon and others, including 
this reviewer. Coon has acknowledged 
Weidenreich's contribution by dedicat­
ing his book to Weidenreich's memory. 

As so often happens in science, the 
solving of one prob�m opens up several 
new ones. Living men are a single spe­
cies, but men in different parts of the 
world are not alike. :\Jost biological 
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species are composed of races, and Homo 
sapiens is no exception.  Even though 
Homo ereet1lS inhabited a much smaller 
territory than Homo sap iens ( for exam­
ple, it did not colonize the New World ) ,  
there were also races of Homo erect liS . 
Two of these races have been men­
tioned above: Homo ereet us erect 110' of 
Java and Homo el'eet us pek inensis of 
China .  In comparing the races of ereelllO' 
with those of sapiens Weidenreich noted 
that the bones of Java man have some 
features in common with those of mod­
ern Australoids, and that Peking man 
shares some skeletal traits with :\1ongo­
loids. Weidenreich's idea has been de­
veloped much further by Coon .  It is, in 
fact, pivotal to his interpretation of hu­
man evolution as presented in his book. 
This interpretation may well be right, al­
though it is certainly not proved, and 
specialists will dispute him on many of 
its points. What is important is how he 
states it. 

Coon divides living Homo sapiens into 
five races, or "subspecies": Australoids, 
Mongoloids, Caucasoids, Congoids 
( African Negroes ) and Capoids ( Bush­
men and Hottentots ) .  He thinks that 
these races have existed for a very long 
time; indeed, he believes that some of 
their skeletal traits were present in the 
races of the ancestral species H 0111 a 

ereetus. Following Weidenreich, Coon 
connects the Australoid race of sapiens 
with the Java race of el'eetlls and the 
Mongoloid race with the race ereetlls 
pekinensis; similarly, the Caucasoi d  race 
of sapiens is linked to a European form 
of ereetus and to the early Neanderthal­
ers, and the Congoid race to the Rhode­
sian man, who becomes Homo ereetlls 
I'hodesiensis. 

So far so good. Now, however, Coon 
says: "Homo e'l'eetus then evolved into 
Homo sapiens not once but five times, 
as each subspecies, living in its own 
territory, passed a critical threshold from 
a more brutal to a more sap ient state." 
Moreover, they passed this "thrcshold" 
at different times, the Caucasoid race 
becoming sapiens first, during the sccond 
interglacial period, whereas thc Con­
go ids arrived in the sapiens fold some 
200,000 years later, or only 40,000 to 
50,000 years ago . At this point Coon 
leaps straight from bones to culture . To 
him it is "a fair inference that fossil men 
now extinct were less gifted than their 
descendants who h ave larger brains, 
that the subspecies which crossed the 
evolutionary threshold into the category 
of Homo sap iens the earliest have 
evolved the most, and that the obvious 
correlation between the length of time 
a subspecies has been in the sapiens state 
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and the levels of civilization attained bv 
some of its populations may be related 
phenomena."  He relents somewhat on 
the last page of the book and points out 
that until recently all five "subspecies" 
of Homo sapiens included some popula­
tions living as hunters and gatherers, 
and that some of the most backward 
populations belonged to the putatively 
advanced Mongoloid and Caucasoi d  
subspecies. 

Can these sweeping conclusions bc 
sustained? The arguments in favor of the 
view that there were exactly five races 
of Homo ereet us and that thcre are 
exactly five living races of Homo sapiens 
are not convincing, let alone concl usive.  
A race is an entity that is not clearly 
defined biologically. The number of 
races of living men has been set by dif­
ferent anthropologists anywherc from 
two to more than 200. In a book pub­
lished by Coon jointly with Stanley M. 
Garn an d Joseph B .  Birdsell in 1950 thc 
number of "racial stocks" is given as 30. 
In a more recent book Garn recognizes 
nine "geographical races" and 32 "local 
races." As noted abovc, Coon calls his 
five races "subspecies." This i s  a term 
used in zoological systematics but not in 
anthropological; however, a subspecies 
is merely a race given a name in Latin 
in accordance with th e rules of zoologi­
cal nomenclature . It is biologically no 
more and no less clearly defined.  The 
fivefold division encounters just as many 
difficulties as all the others; for example, 
Coon places the PolyneSian s in h i s  
Mongoloid subspeCies a n d  the Melan e­
sians in his Australoid, a far from con­
vincing arrangement. When it comes to 
Homo e'l'eettls, the basis for assuming 
five subspeCies is Rimsy in the extreme .  

L e t  u s  suppose, for the sake of argu­
ment, that Homo sapiens consists of ex­
actly five subspecies, and that there were 
just five subspecies of Homo ereetlls. 
What, then, is the meaning of thc claim 
that ereet us evolved into sap iens n ot 
once but five times? Coon's interpreta­
tion is, as he acknowledges, an extension 
of that of Weidenreich . But this is not a 
matter of priority; it is something more 
important. Weidenreich was an adherent 
of the theory of orthogenesis, according 
to which evolutionary changes arc di ­
rected from within the organism by a 
sort of inner urge . To Weidenreich the 
name Homo ereet us stood for a stage 
in the evolutionary progression of the 
hominid stock; a race of erect us, if it 
survived at all, was predestined to evolve 
into sapiens. Today most evolutionists 
consider the theory of orthogenesis ob­
solete. Coon, in the second and third 
chapters of his book, interprets the evo-

lutionary development of the human 
stock in terms of the modern biological 
theory of evolution. Evolution is not 
orthogenesis; the directing agency of 
evolution is  natural selection,  which 
makes a living species respond to the 
challenges of its environment by genetic 
modifications. The independent but 
parallel development of five separate 
lines into a single species is no less 
puzzling than the old "sapiens prob­
lem," which arose, as we have seen, be­
cause the discoverers of human foss i l s  
were overgenerous in assigning generic 
and specific names. 

It is a fair inference that H 011/0 
sapiens is genetically better adapted to 
human ways of life than Homo ereet us 
was. We can agree with Coon that natu­
ral selection has favored, in human races 
everywhere in the world, a sap iens-like 
genotype over the ereetlls-like one.  This 
can be stated most clearly as follows . 
The transformation of prehuman popu­
lations into human populations involved 
a feedback process between the geno­
type and the environment; sap iens genes 
favored the development of capacities 
for symbolic thinking, language and 
eventually for civilization. These human 
adaptations in turn made human genes 
essential for survival and opened the \Vav 
for further adaptations . 

The possibility that the genetic sys­
tem of living men, Homo sap iens, could 
have independently arisen five t imes, or 
even twice, is vanishingly small .  A bio­
logical species can be likened to a cable 
consistin g of many strands; the strands­
populations, tribes and races-may in the 
course of time subdivide, branch or fuse; 
some of them may fade away and others 
may become more vigorous and multi­
ply . It is, however, the whole species that 
is eventually transformed into a new 
specics . Adaptively valuable gene pat­
terns arise in different populations of 
the species. The populations, or races, 
in wh ich these evolutionarv inventions 
have occurred then increase in number, 
spread, come in contact with other 
populations, hybridize with them, form 
superior new gene patterns that spread 
from new centers and thus continue the 
process of change . Coon is too competent 
an anthropologist not to know that man 
is, and apparently always was, a wan­
derer and a colonizer, and that as people 
come in contact gene exchange takes 
place . But if this is true, the assumed 
separate evolution of the five subspecies 
becomes a practical impossibility. Coon 
believes that the ancestors of his Capoid 
race lived in Africa somewhere to the 
north of the ancestors of the Congoid 
race. At present the Capoids l ive to thc 
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south of the Congoids. Arc we to assumc 
that th ese peoples practiced racial segre­
gation during their wanderings? 

Organizations engaged in propaganda 
against th e desegregation decision of the 
Supreme Court h ave seized on the sup­
posed demonstration that Negroes are 
some 200,000 veal'S behind the whites 
in their evolutionarv development. \Vhat 
Coon himself says is that some of his  
subspecies, particularlv the Caucasoid 
and the lVlongoloid, ceased to be Homo 
ereetlls and became Homo sapiens much 
earlier than the other subspecies . He 
does not, however, contend that the 
transition from ereetlls to sapiens was 
suddcn or instantan eous . Assigning a 
date to' th i s  transition is therefore a 
ti cklish task . Since the transition was 
gradual, cutting a continuous process 
into two or more sections called "species" 
is arbitrary. Coon so chooses his criteria 
for the application of the names ereetlls 
and sapiens that the latter appears to 
be much more ancient in Europe than 
it is  i n  Africa . Other anthropologists will 
dispute his choices . For example, the 
fossils of Solo man i n  Java and of Broken 
Hill man in  Africa are classified by Coon 
as ereetlls, whereas others classifv them 
as sapiens. These remains are geologi cal­
ly rather recent, which in Coon's view 
indicates that the transition from ereetlls 
to sapiens occurred much later in Java 
and in Africa than it did in Europe . Coon 
seems not to notice that this leads him 
i nto a major inconsistencv. His classifi­
cation makes Homo ereetlls contempo­
raneous with Homo sapiens for some 
200,000 years, although the two l ived in 
different parts of the world. The division 
of an evolutionarv line into species suc­
ceedin g each other in time is arhitrary, 
but the division of contemporaneous 
forms i nto species is not. If ereetlls l ived 
at the same time as sapiens, it must h ave 
been genetically isolated from sapiens. 
Yet its modern descendants are not 
geneticallv isolated; they belong to the 
same species. For a single species to 
have arisen from two species that could 
n ot interbreed would indeed be extraor­
dinary . 

Attempts to assign dates to Homo 
ereetlls' becoming Homo sapiens in Eu­
rope, in Africa or elsewhere are mis­
leading in another respect. The transmu­
tation of eree/lis into sapiens is not like 
receiving an academic degree or being 
admitted to an exclusive club . One basic 
consi deration that should always be kept 
in mind is that evolution is a continuous 
process . Suppose the skeletal character­
istics that are chosen as being character­
istic of ereetlls make us label the bones 
of an individual who lived in Africa 
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40,000 veal's ago as belonging to that 
species. It surelv does not follow that 
this ereetus resembled in every respect, 
including its mental capacities, all other 
members of the species that lived i n  
Europe and elsewhere at much earlier 
times. If it  were true that the C auca­
soids 200,000 years ago attained the 
state that the Congoids achieved onlv 
40,000 veal's ago, would it not follow 
that the rate of the evolutionary devel­
opment of the Congoids was since then 
about five times faster than that of the 
Caucasoids? This is surelv not a conclu­
sion that white suprema�ists would em­
brace with pleasur e .  

Professor Coon's book will stand as 
a milestone in the studv of fossil  man. 
Specialists will dispute many of his in­
terpretations of particular fossils, and 
new discoveries will almost certain lv 
change many parts of the picture . But 
after Coon the hodgepodge of species 
and genera of fossil hominids will give 
way to a biologically more meanin gful 
svstem. Mankind is and was, at least 
from the middle Pleistocene to the pres­
ent time, a single polytypic species con­
sistin g of varying numbers of races of 
varying degrees of distinctness . It is most 
unfortunate that some semantic mischief 
in Coon's work has made it usable as 
grist for racist mills. A scientist should 
not and cannot eschew studies on the 
racial differentiation of mankind, or ex­
amine all possible hypotheses about it, 
for fear that his work will be misused .  
But neither can h e  disclaim all responsi ­
bility for such misuses. Scientists living 
in  ivory towers are quaint relics of a bv­
gone age. The work and writing of sci­
entists is used, and anthropology-the 
science of man-is particularlv vulner­
able to misuse. Race prejudice is a psy­
chologi cal and social disease and is not 
based on reason, vet those who suffer 
from it have repea

'
tedly sought the sup­

port of bogus "science." There are abso­
lutely no findings in Coon's book that 
even suggest that some human races are 
superior or inferior to others in their 
capacity for culture or civilization . There 
are, however, some unfortun ate mis­
statements th at are susceptible to such 
m isin terpretation . 

Short Reviews 

KILL AND O\'EHKILL: THE STl�.�TEGY 
- - OF ANNIHILATION, by Ralph E. 
Lapp.  Basic Books, Inc .  ($4.95). A 
fluent, knowledgeable, impressive ac­
count of U. S .  nuclear policy and prac­
tices over the past 17 years. Lapp has 
done this kind of thing before, as have 
others, but the case has never been put 

so powerfully . His point of departure is 
the build-up of arms that has brought us 
to the stage where our stockpile of nu­
clear weapons bas been estimated at an 
equivalent of 30,000 megatons of TNT 
-10 tons for every h uman being on 
earth . A speech made em'lv in 1960 bv 
the then Senator John F.  Kennedv pro­
v ided this information and denounced 
the policy; yet the factories that make 
nuclear explosives are running night and 
day, and the rate of our weapons produc­
tion is  still accelerating .  

Lapp points to the marriage of science 
and politics, with neither partner un­
derstanding or trusting the other yet 
dependent on it . He quotes Harrison 
Brown's comment that "tens of thou­
sands of scientists and technicians have 
devoted all of their professional lives to 
the invention and construction of weap­
ons. A majority of those who went to 
work after World War II are convinced 
that weaponry is a way of life for them­
selves and expect the United States-So­
viet contest to continue forever." He as­
sesses the nature of blast, fire and fallout 
that would accompany a nuclear war 
and asserts that civil defense officials 
and others in government have misled 
the public as to the true state of things. 
He describes the game of nuclear war as 
being played by men with the emotional 
maturity of computers and by computers 
with the moral sensibilities of their users. 
The language devised for these games 
mirrors the players: "population re­
sponse" ( a  "protective euphemism for 
slaughter" ) ,  "megadeaths," "bonus kills" 
( deaths from fallout ) and so on . 

Does "deterrence" h ave any meaning, 
Lapp asks, as tensions build, as human 
behavior falls increasingly under stress, 
as the temptation grows to strike the 
opponent a knockout blow before h e  has 
a chance to retaliate? When missiles can 
be sent across oceans from one continent 
to another in less than 30 minutes, is  
there time for a rational decision? Un­
der such circumstances deterrence itself 
becomes a kin d  of race, with each com­
petitor ever ready to jump the gun so as 
to be first off the mark lest he never get 
started. Effective missile defenses are 
not remotely within sight; able scientists 
who have worked on the problem-Hans 
Bethe and the late John von Neumann 
among them-have expressed no doubt 
on this score . But vast sums are being 
spent on this will-o'-the-wisp, and vain 
h opes of salvation are encouraged .  

Lapp admits that he has always been 
an advocate of civil defense, but in this 
book his h eart is obviously no longer in 
the shelter. Indeed, he says that a large­
scale shelter program might i ntensifv the 
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Sure we at JPl are elated with the success of our Mariner 2, 
But Venus is just one important way station on the long 

journey through space. There are lots more things to be done: 

Soft moon-landings. landings on Mars, Jupiter fly- bys. 

Electronic probes of other planets. And more Venus trips. 

Yes, there's much left to do out there. Much of it will 

continue to be done by the scientists and engineers at 
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Caltech's Jet Propulsion laboratory. They think for a living. 

If you do, think of yourself as part of JPl's exciting world 

of other-world exploration. A resume to JPl could make 

you a port of it. 

• �!�o���ePD�v��!S��O.��i��oRATORY 
� Attention, Personnel Deportment 

lOAn equal opportunity employer." Jet Propulsion Laboratorv is operated by the California Institufe of Technology (or lhe National Aeronautics and Space Administration. 
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the 
edges 

of 
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These paperbacks, each an original 
work by a leading authority, deal with 
life in  three of its basic aspects-its 
s implest form, funct ion within its small­
est unit, its decline toward death . They 
extend i nto the field of paperback pub­
l ishing the quality of content and pro­
duction for which Academic Press books 
are known. These titles will  be fine ad­
dit ions to your personal l ibrary in  the 
biological sciences and excellent gi fts for 
your colleagues . 

Des ign and Function at the 
Threshold of Life: 

The Vi ruses 
By HEINZ FRAENKEL-CONRA T 

Much of this work is devoted to a lucid de­
scription of the chemical make- up and the 
biological  roles of proteins and nucleic acids, 
especially DNA and RNA. It  was planned and 
written to i ntroduce the i nterested reader, 
especial ly begin n i ng science students, to this  
exciting forefront of biological research . ( 3 6 
i l l ustrations, i ncluding 20 photographs on 
gl ossy papeL )  1 962 , 1 3 3  pp . ,  $ 1 .9 5  

Div is ion of Labor in  Ce l l s  
B y  GEO FFREY H .  BOURNE 

This volume d iscusses the relationships be­
tween structure and the chemical and biochemi­
cal composit ion of cel l s .  I t  includes a thorough 
presen tation of the biochemical and morpho­
l ogical bases of modern advances i n  knowledge 
of the cel l .  The book is  printed entirely on 
glossy paper to ensure line reproduction of the 
photomicrographs, many covering full pages . 
( 8 8  i l l ustrations, incl uding 62 photographs . )  
1 96 2 ,  2 4 8  pp. ,  $ 2 . 9 5  

Time, Ce l l s ,  and Aging 
By BERNARD L.  STREHLER 

Present information on aging i s  summari zed 
and major areas for theoretical and experi­
mental exploration are i ndicated in  this  work. 
Physiol ogists, gerontologists, biologists, and 
med ical  research workers wi l l  lind this volume 
of major i n terest.  The text concl udes with a 
twenty-page, i nternational bibl iography. Glossy 
paper is  used throughout to enhance the photo­
m icrographs .  ( 7 1  i l l ustrations, includ ing 3 8 
photographs . ) 1 96 2 ,  2 70 pp. ,  $ 2 . 9 5  ( Cloth 
bound edition, $ 5 . 00 )  

On d isp lay a t  q u a l ity bookstores @ACADEMIC PRESS /tP NEW YORK a n d  LONDON 
1 1 1  Fifth Aven ue, New York 3 
Berke l ey Square House, London, W . l  

174 

a:'ms race, become a strategic weapon, 
make the combatants more reckless. "In 
th e last analysis, the only shelter, the 
only defense, in which mankind can find 
any real, enduring hope is disarmament . "  

Lapp devotes the last chapter o f  his 
book to recommendations of what the 
U . S .  might do unilaterally to slow the 
arms race : revise the missile program to 
make the force trulv retaliatory ( place 
our main reliance on Polaris subma­
rines ) ;  stop future production of bomb 
material ( "We already have enough nu­
clear explosives to overkill the Soviet 
Union at least 25 times" ) ;  declare the 
realm of space out of bounds for military 
operations; establish an international 
communications system that would help 
to prevent an accidental war; make a 
study under the auspices of the United 
Nations of the effects of a nuclear war, 
and publish the results for the enlighten­
ment of everyone .  

SCIE:---CE A :\ D  CIVILISATION I� CHINA . 
VOLUME IV : PHYSICS A:---D PHYSICAL 

TECHNOLOGY;  PAHT 1 :  PHYSICS, by Jo­
seph Needham with the collaboration of 
Wang Ling and the special co-operation 
of Kenneth Girdwood Robinson. Cam­
bridge University Press ($15). "China 
to Europeans," writes Needham in his in­
troduction to the fourth volume of his 
monumental survey, "has been like the 
moon, always showing the same face-a 
myriad peasant-farmers, a scattering of 
artists and recluses, an urban minority of 
scholars, mandarins and shopkeepers . 
Thus do civilisations acquire 'stereotypes' 
of one another." Here, with undimin­
ished energy and enthusiasm, he con­
tinues to demolish the stereotvpes, to 
carry forward his huge program of his­
torical revision .  The subjects are me­
chanics and dynamics, the physics of 
heat, light, sound, magnetism and elec­
tricity. Chinese physical thought and 
practice in these departments were both 
highly uneven and shaped by certain 
characteristic traditions. Just as their 
mathematics was algebraic rather than 
geometric, Chinese physics was wed­
ded to a "prototypic wave-theory and 
perennially averse to atoms, always en­
visaging an almost Stoic continuum." 
These tendencies and predilections some­
times promoted but more often retarded 
their understanding of how things work . 
:\ I echanics was weaklv studied and for­
mulated; Chinese ac�omplishments in 
dynamics are entirely negligible . On the 
other hand, optics, acoustics and mag­
netism were well developed, the crown 
of their labors in these branches being 
the invention of the magnetic compass, 
which took place no later than 1080,  a 

centurv earlier than the first Em'orear, 
mention of the instrument. 

This volume, reasonable in size and 
weight ( in response to the complaints 
of faithful readers who found that some 
of its predecessors were so massive that 
they could scarcely be read without dan­
ger to life or limb except on a lectern ) ,  
is an edifying achievement. It is a mix­
ture of solid historical fact, profound 
scientific understanding and interpreta­
tion,  discursive conjectures and specu­
lations, curiosities and paradoxes, special 
pleading and disinterested reasoning .  
O n e  can learn h o w  glass was made, how 
the "commissioners for shadow measure­
ment" established stations to determine 
summer and winter solstice shadows, 
how the Chinese designed m usical in­
struments, how they made lenses and 
mirrors ( including the extraordinarv 
mirrors of unequal curvature, known as 
magic mirrors, the reflecting surface of 
which reproduced the design on the 
back ) ,  eyeglasses and spectacles. One's 
fancy is caught by such items as Chhen 
Yuan-Ching's encvclopedia entitled 
"Guide through the Forest of Affairs," 
and particularly by a volume on geo­
mantics and its relation to problems of 
navigation,  The Nine-Heaven MysteTi­
O t is-Girl Blue-Bag S ea A ngle Man tlal .  

Mostly one is enthralled by Needham's 
tracing of the origins and development 
of the magnetic compass. Here he reallv 
lets himself go, and the reader is swept 
along with him . It is too good a story, 
and too complex, to permit of a brief 
summary. But the reviewer cannot re­
frain from at least mentioning that the 
Chinese compass, and the Chinese work 
on magnetism, touched on or involved 
the following ideas and devices: a di­
viner's board used with, or related to, "a 
technique which consisted in throwing a 
set of chessmen on a board and noting 
where they came to rest, these pieces 
being identified with various celestial 
bodies"; the discovery of the directive 
power of a lodestone; the decision to 
make some of the chessmen of lodestone 
because of its obviously magic attractive 
power; the decision to model the con­
stellation of the Great Bear in magnetite 
in the shape of a spoon ( which because 
of its bowl would pivot when thrown on 
a board ) ; the final idea of cutting out the 
spoon in an oriented direction .  These 
steps, part of a sequence of magic hocus­
pocus, were the forerunners of the mag­
netic compass-an amazing offspring of 
astronomy and astrology, divination,  
chess, combat and gambling games. Only 
for those who have no acquaintance with 
the earlier volumes of Needham's great 
work is it necessarv to point out that this 
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S a i d  P i e rre d e  F e rm a t : 
" The optical length of an actual ray between any two poin ts is shorter than the oplical length of any other curve 

which join s these points and which lies in a certain regular n eigh borhood of it."  

T h e  c o n ti n u i n g  req u i re m e nts of s pa c e  ex p l o rat i o n  p rojects f o r  l a r g e r  a n d  m o re a c c u rate a n te n n a s  have r e s u lted i n  t h e  

c o n st r u ct i o n  of a n u m be r  of e n o r m o u s  p a ra b o l i c  ref l e cto r ante n n a s .  Each c o sts m a n y  m i l l i o n s  of d o l l a r s .  T h i s  tre m e n d o u s  

e x p e n s e  i s  d u e  to t h e  d iffi c u lty o f  m a i nta i n i n g  ref lecto r a c c u racy a s  t h e  h u g e  s t r u ctu res a re m oved a n d  ti l t e d ,  a n d  a s  w i n d  

forces a n d  t e m p e ratu re c h a n g e s  d i stort t h e  s u rface .  

L o c k h e e d  M i s s i l e s  & S pace C o m p a n y ' s  E l ectro m a g net ic  o rg a n i zat i o n  is  d eve l o p i n g  a far  m o re eco n o m i ca l  and p ract ica l  

s o l ut i o n  to t h e  p r o b l e m .  A 1 20 '  ref lecto r a n te n n a  w o rk i n g  model  now i s  b e i n g  e recte d .  I ts  shape i s  s p h e r i c a l  i n stead of pa ra­

b o l i c ,  a n d  it  is f i r m l y  m o u nted on the g ro u n d .  Only Ihe feed is moved 10 change Ihe beam angle. T h i s  type of a n te n n a  d e s i g n  n o w  

i s  fea s i b l e ,  t h a n ks to s u c c e s s f u l  L o c k h e e d  resea r c h  i n  s p h e r i c a l  a b e r rati o n  c o rrecti o n .  T h e  c o n c e pt s h o u l d  f i n d  a p p l i cati o n s  

i n  r a d a r  syste m s ,  sate l l ite co m m u n i c at i o n  syste m s ,  a n d  syste m s  fo r d ata recept i o n  f r o m  d e e p  s pace e x p l o rati o n  p ro b es.  

Many c o m p a ra b l e  s c i e nt i f i c  b reak-t h ro u g h s  are b e i n g  evo lved at L o c k h e e d  beca u s e  s c i e nt i sts and e n g i n eers  f i n d  h e re t h e  

c reat ive freed o m  n ee d e d  to p u rs u e  a n d  p e rfect o r i g i n a l  i d ea s .  L o c k h e e d  M i s s i l e s  & S pa c e  C o m pa n y  i s  l o c ated o n  t h e  beaut if u l  

S a n  F ra n c i s c o  Pe n i n s u l a  i n  S u n n yva l e  a n d  P a l o  A lto .  I f  y o u  a re i ntere sted i n  c o rre lat i n g  y o u r s pe c i a lty to o n e  o f  L o c k h e e d ' s  

m a n y  c h a l l e n g i n g  as s i g n m e nts,  p l ea s e  w r ite : Research & Devel o p m e n t  Staff, D e pt. M -39B ,  599 N o rth  M ath i l d a  A ve n u e, 

S u n n yv a l e ,  C a l i f o r n i a .  Lockheed i s  a n  e q u a l  o p p o rt u n ity e m p l oyer. 

LOCKI-IEED MISSILES & SPA CE COMPANY 
A GROUP DIVISION O F'  LOCKHEED AIRCRAFT CORPORATION 

SYSTEMS M A N A G E R  FOR THE N A V Y  POLARIS FBM A N D  THE A G E N A  V E H I C L E  IN VARIOUS AIR FORCE SATELLITE P R O G R A M S .  

O T H E R  C U R R E N T  P R O J E C T S  I N C L U D E  S U C H  N A S A  P R O G R A M S  A S  T H E  O G O ,  E C H O ,  N I M B U S ,  R A N G E R  A N D  R I F T .  

S U N N Y VA L E .  P A L O  ALTO. VAN N U Y S .  S A N TA C R U Z . S A N T A  M A R I A .  CALI FO R N I A . C A P E  CANAV E RAL. F LO R I DA . H A WA I I  

1 7 5 
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New in the 
HARPER .. 

Modern· Science 
SERIES 
Edited by 

James R. Newman 
��/r iiii/ 

P.I1��'1 t,E(:;RG( f.. tPLlf-R 

PSYCHOLOGY 
The Sc ience  of  Mental Life 

By GEORGE A. M I LLER 
of the Harvard Center 
for Cognitive Studies 

This latest volume in a distinguished 

series explains what the science of 

psychology is like and how it got 

that w a y .  B e c a u s e  p s y c h o l o g y  is 

large in scope and constantly grows 

larger Dr. Miller adopts a selective 

approach, omitting the more tech­

nological and applied aspects of the 

science, and concentrating on key 

topics in the historical order in 

which psychologists developed them. 

Included are biographical essays on 

the important men in the field and 

their contributions. With charts, dia­
grams, illustrations; glossary. $6.95 

T H E  H A R P E R  M O D E R N  S C I E N C E  

SERIES has been expressly designed 

for laymen and students. Fully illus­

trated, each volume is the work of a 

noted authority and is 75 ,000 words 

or more in length. 

Previously published 
BIOGRAPHY OF PHYSICS 

by GEORGE GAMOW. $5.95 

THE SCIENCE OF GENETICS 
by CHARLOTTE AUERBACH .  $5.95 

SYMBOLS, SIGNALS AND NOISE : 
The Nature and  Process of Communication 

by J.  R. PIERCE. $6.50 

THE CHALLENGE OF THE 
ATMOSPHERE 
The Sc ience of Meteoro logy 

by O. G. SUTTON. $5.95 

THE IDEAS OF BIOLOGY 
by JOHN TYLER BONNER. $4.95 

At all bookstores 
HARPER & ROW 
Publishers, New York 1 6  

vol umc, l ike the earlier ones, i s  supcrbly 
i l lustrated, supported b,· hundreds of 
charts, diagrams and tables and equipped 
with a formidable bibliographical ap­
paratus worthv in  even· wav of a people 
who 1 ,000 years ago were alreadv pro­
ducing  1,000-volume encvdopedias .  

\ '[ ATHJ:: ;,\ [ ATICS FOB PLEASUBE , bv Os­
� - wald J acobv, with \\'il l iam H. 
Benson . �"cGraw-HiII Book Co . ,  l l 1 c .  
( $4.95 ) . The  senior author (a topHight 
card player and an actuarv ) and his col ­
laborator ( a teacher of mathematics at 
Dickinson Collegc ) have put together an 
above-average collection of mathemati­
cal puzzles. Five main categories are rep­
resented : puzz les , algebraic probl ems,  
explorations i n  probab i l itv,  i n ference 
and reasoning conundrums, Diophantine 
equations .  The tvpes of problem con­
s i dered are famil iar  and conventional ,  
and not a fe\\' arc takcn from a we1 1 -
known problem composer, Hubert Ph i l ­
l i ps of London ( "Cal i ban " ) , but many 
of the exercises require very hard th ink­
i n g .  The authors are to b e  particu l ar l v  
com m en ded fo r  t h e  full ,  sat isfy inglv  cx­
pl ic i t  so lut ions .  

r l -' I I E  � 1 .�THE;,\IATlC .. \L  � 1 .�GPIE,  assem-
hied an d  edited bv C l i fton Fadiman . 

S i m o n  a n d  Schuster, I n c .  ($4.95 ) .  A 
col lection of short stories,  essavs,  ep i ­
grams,  cartoons,  verse and assorted odd­
ments ,  cach of  which has someth i n g  to 
do with mathematics .  \Vh a t  guides a 
magpie in i t s  choice of baubles and gew­
gaws i s  bevond the science of  ethologv;  
n o  l ess p uzzl i n g  i s  Fadi m a n 's col l ect ion,  
beyon d  the fact that,  although he i s ,  in  
h i s  own words,  n o  mathematic ian ,  he 
finds  everyth i n g  ahout  the subject  fasci­
n a t i n g .  The result  i s  l I ot ncarlv so happy 
as  hi s  preced i n g  a n thol og\·,  Fantasia 
Math em atiC({ . � I an "  of the selections are 
so dull that a man of Fadiman's taste and 
d iscri m i nat ion would n o t  h a"e deigned 
to s n i ff at, l et alone admirc ,  them i f  they 
hadn't h ad something to do with shapes 
or n umbers or svmbol s .  

S LEJ:: PI�G A � D  \�lA KI�G,  bv Ian  Oswald .  
American Elsevier Pub l ish in g  Com­

pam· , Inc .  ($7 .50 ) . K n i tt i n g  up the 
raveled sleeve of care i s  no s imple mat­
ter, as a n v  i n s om n i ac can testif" and as  
this  fascinating book confirms.  I t  con­
siders a broad range o f  topics such as the 
physiological basis of sleep, sleep and 
consciousness, sleep and imagen·, the 
borderland between sleep and waking, 
the nature o f  dreams , sleep as a provoked 
response ( e .g . ,  bv emotion ,  monotonv, 
hypnosis or "brainwash ing" ) ,  the effects 
of lack of sleep ,  i n somnia ,  s leep therapY .  

� 'lany sections of the  book-for examp l e  
those that dea l  with the electroencepha­
lographic fe.atures of sleep, sensorv 
thresholds,  the decline of cerebral v igi ­

lance, movement in sleep, muscular 
tonus-are addressed to the special is t  
and are technical .  But there are other 
parts that almost anyone wil l  find ell ­
grossing .  It can safely be said that the 
one thing the book wi l l  not do i s  put 
you to sleep . 

'rHE EYE : VOLU;'\!ES I I ,  I I I  and 1\',  
- edited bv Hugh Davson . Academic 

Press ($48 ) . These three volumes com­
plete a spacious survey of the phvsiology 
of the eve .  Volume I ,  previouslv re­
viewcd i n  this department, deals with 
the basic phvsiologv and bioch emistry of 
vision ; Volume II considers the visual 
process ; Volume III treats of the mus­
cular mechanisms : movements of the 
eye, accommodation of the pupi l ,  and 
secretion of  tears and b l i n k i n g ;  Volume 
IV concerns itsel f with visual optics and 
the optical space sense .  A major tech n i ­
ca l  work for  research workers and teach ­
ers of phvs iologv , psych ologv and 
oph thalmology . 

1' HE PHYSICS OF HAli\iCLOUDS,  bv N .  H .  
- - Fletcher. Cam bridge U niversitv Press 

($1 1 .50 ) . An up-to-date, techn ical sur­
vev of the phvsical processes that occur 
in  rai n clouds,  together with some dis ­
cuss ion of  rain -maki n g  techniques . A 
good deal of research h a s  been done i n  
th i s  fie ld i n  the past 1 5  vears with the  
hc lp  of radar and a ircraft ,  particularh­
in Austra l i a .  1-"[ Uell of th i s  volume i s  
based on  the author's firsthand knowl­
edge of the Austral ian  research e s .  I l lus­
trat ions  a n d  an extensive bibl i ograplw .  

STH UCTUHE Al'iD FOB;'\I I �  M ODEH� 
AHCH1TECTUHE,  bv Curt S iegel . Hein­

hold Publ i s h i n g  Corporat ion ( $ 16 .50 ) . 
An i l lustrated survev that examines the 
i n flueuce of modern construct ion tech ­

n iques on arc h i tectural design . Di agra m s  
and ph otogra ph s  convey a not ion of 
pr in ciples ,  aesthetic aims,  the new uses 
of materials and related matters,  and 
with t h e  text  effectivelv help to explai n 
how such systems as skeleton construc­
t ion , V-sh aped supports and space struc­
tures express the fundamen tal laws of 
statics and mechanics .  

' f IJ\IE Al'iD ITs :V[ YSTE Hl E S .  Collier 

- Books (95 cents ) .  A paper-backed 

reprint of eight lectures given under the 

auspices of the James Arthur Foundation 

of New York University, originally pub­

l i shed as two volumes . It  includes several 

good essavs on topics such as the n ature 
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To win  at Eleusis* is to d iscover an u n known patte rn or " law, " to guess the dealer 's  secret ru le  gove rn ing the perm itted 

seq uence of ca rds. To win req u i res the a b i l ity to form reasonable  inductive hypotheses on m i n i m a l  ev idence and the wi l l i ng· 

ness to aba ndon them in the face of co ntra ry evidence. To wi n is  to be f lexible.  � In o u r  more com plex, la rge·sca le confl icts, 

conti nua l  adj ustments in strategy a re necessa ry to keep pace with time and tec h nology. New tactica l req u i rements have made 

the flex ib i l ity, versat i l ity, and adapta b i l ity of eq u i pment and systems i m perative. � The engineers, mathematic ians,  and 

scientists we seek wi l l  be engaged i n  strategic p l a n n i n g  for equ i pment a n d  systems configu red to  the needs of tomo rrow's actions. 

If you can comb i n e  com putation with i ntuit ion,  you a re the k ind of strategist we i nvite to apply. A resume to M r. Ha rry F. Lau r, 

6700 Eton Ave . ,  Canoga Pa rk, Cal if. , wi l l  receive p rompt attention. Litton Systems, Inc. ,  is an eq u a l  opportun ity employe r. 

rn L I TTO N SYST E M S , I N C . /  DATA SYSTE M S D I V I S I O N A DIV IS ION OF LITTON I N DUSTR I ES 

.",bbott. R . ,  Abbort's Card Games, 1 9 6 3  
© 1963 SCIENTIFIC AMERICAN, INC



178 

In more and more schools . . .  

PARTN ERS I N  THE CLASSROOM 

, .  

A GOOD TEXTBOOK AN D SCI ENTIFIC OFFPRI NTS · \AM E RICAN 

In more and more classrooms SCIENTIFIC AMERICAN Off­

prints are being adopted side by side with the textbook. 

( More than 4 , 2 0 0 , 0 0 0  Offprints have been used to date . ) 

The textbook supplies the foundation of the course.  The 

Offprints provide the latest bulletins from the frontiers of 

research, complementing and reinforcing the basic mate­

rial contained in the textbook. 

Teachers who have used them find that their students 

respond with a better grasp of  the whole subj ect and with 

more enthusiasm for the assigned readings . 

The more than 3 8 0  articles that are presently available 

cover a broad spectrum of current thought and research 

in the life sciences, the physical sciences, and the social 

sciences. Each Offprint, still only 20c.  

Send for a free descriptive brochure to:  

w. H. Freeman and Company 
660 Market Street, San Francisco 4, California 

of time ( Robert A. M illikan ) ,  the l ife­
time of a galaxy ( Harlow Shapley ) ,  the 
beginnings of time measurement ( James 
H. Breasted ) ,  time and individualitv 
( John Dewey ) ,  time and the growth of 

physics ( Arthur Holly Compton ) .  Al­
though the lectures were delivered 20 or 
more years ago,  and time itself seems to 
have accelerated in the nuclear age, the 
essence of the subject remains as difficult 
and elusive, as confounding to scientists, 
philosophers and plain men as it has 
ever been, and i t  is gratifying to have 
these two hard-to-find little volumes 
back i n  print .  

1'HE WORLD OF IcE, by James L. Dy-
- son . Alfred A. Knopf, Inc. ( $6 . 95 ) .  

An attractively written account of the 
world of ice : snow, glaciers, polar ice 
packs , icebergs, life under the ice, the 
cffect of ice on the climate, the land­
scape, the water supply . The author, a 
geologist and geographer who knows his  
subject thoroughly, writes about it clear­
ly and entertainingly and has enhanced 
the value of his book by fine photo­
graphs, a useful bibliography and a 
glossary. 

KBREY'S BHIEF LIVES, edited by Oliver 
Lawson Dick. The University of 

M ichigan Press ( $2 . 25 ) .  This Ann Arbor 
paperback makes available at a modest 
price a delightful and fascinating col­
lection of biographical sketches of 1 6th­
and 1 7th-century figures, from scholars 
and philosophers to soldiers and whores . 
In John Aubrey's collection of truths 
there are almost as many lies, but this 
makes not the slightest difference . Thc 
book i s  a treasure . 

REFLECTIONS ON HUMAN NATURE , by 
Arthur O .  Lovejoy . The Johns Hop­

kins Press ( $4 . 75 ) . A distinguished 
American historian of philosophy and 
ideas presents a group of lectures, origi­
nally delivered at Swarthmore College in 
194 1 ,  that are mainly concerned with the 
developments and changes in the con­
cept of human nature through the 1 7th 
and 1 8th centuries . Lovejoy is not onlv 
immenselv learned and thoughtful but 
also quite incapable of being pedantic 
or dull . This book offers edification to 
any thoughtful reader. 

O XFORD ILLUSTRATED DICTIONARY, 
edited by Jessie Coulson, C. T .  Carr,  

Lucy Hutchinson and Dorothy Eagle . 
Oxford University Press ( $ 1 2 .50 ) . This 
is the first Oxford illustrated dictionary. 
It contains some 1 , 700 text figures of 
plant and animal forms, machines, at'chi ­
tectuml details, geometric shapes a n d  
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The Science of 
Dynalllic Crisis-Solving 

The science of crisis-solving on a dynamic basis i s  perhaps 
the only thing more complex than the crises themselves. 
At a time when cold war politics and the destructive 
poten tial of weapons can turn a trouble spot into a global 
threat overnight, the decisions affecting our national pur­
pose must stand on the strongest possible foundation . Yet 
these decisions must be reached resolutely and promptly. 

i\10re and more, important national decisions are pre­
ceded by intensive scientific research, quantitative where 
possible .  The Research Analysis Corporation, for instance, 
applies the techniques of operations research and svstems 
analysis to a broad diversity of major problem areas­
mili tary, political, economic, social.  RAGs output is  in­
tellectual . . .  the finding or recommendation or suggested 
solution which evolves from scientific scrutiny of alterna­
tives and possible operational improvements, and from 
analyses of the potential risks and relVards of existing and 
hypothetical policies. 

RAC is  nonprofit and multidisciplinary. The profes­
sional staff comprises 32 distinct disciplines and technical 
specialties, and our expanding responsibilities have created 
singular new career opportunities for imaginative scien­
tists and engineers. If you hold an advanced degree in 
mathematics, statistics, a physical science, economics, or 
engineering, we invite you to consider the continuing 
challenge of a RAC career. This is  exciting, vital work, 
impelling you to function at the limits of your capabilities 
and carrying the probability of rapid personal and pro­
fessional advancement.  The compensation is fully com­
mensurate with the importance of your assignments. 
Please send your resume to Mr. John G. Burke, 
Professional Staffing, Research Analysis Corporation, 
693 5  Arlington Road, Bethesda 1 4, Maryland. 
( Residential suburb of Washington, D .  C.) 
An equal opportunity employer. ...... l1li ......... · =&1 ... 

Research Analysis Corporation 
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3 things every 
good solid state 

physicist should know 
about Fairchild : 

· 

· 

· 

· 

· 

· 

1 .  We a re con d u c t i ng research i n  a l l  phases or  sol i d-state  physics .  

2.  O ur  R&D faci l i ty i s  l oca ted i n  P a l o  A l to , a d j a cen t  to the 
S ta n ford c a m p u s .  

3.  O u r  Proless ion a l  P l a cement  M a nager i s  John Anderson . 

A N  E Q U A L  O PPO RTU N ITY E M PLOY E R  

FA I R C H I L C 
S E M I C O N D U CTO R 
�� WHISM�N RD , MOUNTAIN YIEW, CALIF . •  ¥ORKSHIRE 8 - 8161 • TWX ; 4 1 5 · 969·9165  

R U SSIA N 
TECH N I CAL 

A N D  
SC I E N T I FIC 

LITE RATU RE 
. . . imported from U . S . S . R  . 

B I OLOGY · GEODESY 
CARTOGRAPHY • GEOGRAPHY 
C H EM I CAL · MED I C I N E  
TECHNOLOGY 
CHEM I STRY • METALLU RGY 

COMMU N I CAT ION  · PHYS I CS 

CONSTRUCT I ON · PSYC HOLOGY 

• Planar: : 1  patented Fairchild proccs�. 

P H O E N I X  
GOO DYEAR AIRCRAFT 

( Arizona Divis ion) 
offers career opport u n i t ies t h a t  w i l l  c h a l ­
lenge your ta l e n t  i n  t h e  tec h n i ca l  areas 
I i s ted below. 

S R .  D EV. E N G ' R S ,  
Develop wideband i - f  ampli fiers, i - f  osci l ,  
l ators, j .f  iso lat ion ampl ifiers,  a n d  related 
c i rcu i b .  
Develop microwave c i rcu i ts  a n d  equ ip­
ment including wa\,e,gu ide assemb l i es,  
and related c i rcu i t s .  
Servomechanisms .  Develop and d e s i g n  o f  
antenna stab i l i zat ion sen'O systems.  Fi l m  
drive con trol  systems.  
Develop rad a r  tran s m i tters and mod u l a ·  
t o r s  inc l uding pulse  form ing networks, 
t ransformers, protect ion ci rcu i ts, X·hand 
ampl ifiers and related c i rcu i ts .  

• CYBERNET I CS · PUBL IC  H EAlTH 
Display and pulse c i rcu i t s .  Deve lop d is ­
p l ay ci rcu i t s  and contro l s . Bomb .naviga. 
t ion cross h a i r  c i rcu itry_  

· 

· 

ELECTR ICAL  • TH ERMO-
ENG I N EER I N G  DYNAM I CS 
ENERGET I CS · TRANSPORTAT I ON  

1 963 subscriptions to Scientific 

Journals a n d  M a gazines sti l l  

a v a i l a b l e-Write f o r  c o m p lete 

c a t a l o g  SA 1 53 

I I 'rile for ca la/og 0 1 1  Sc il' l I l ijic 
a l l d  1' ( C ll l l i c lI /  /, i l l' l' o l l l l' l' 

FO U R CO N T I N E N T BOO K C O R P .  

1 80 

Dept. 1 53 ,  1 56 F I FTH A V E N U E  
NEW YORK 1 0 ,  N .  Y .  

S R ,  D E S I G N  E N G ' R S .  
O p t i c a l  design and de\·elopment .  Design 
l enses and complete optica l  systems.  

S R .  PACKAG I N G  E N G'RS,  
Layout packaging and deta i l i ng l ayout of 
e lectronic  sub-assem b l i es i n c l u d i ng i-f and 
r-f u n i ts .  

Requ est  Appl ication O r  Send Res u m e  to : 

M. J. McColgan, 
Engineering Personnel 

Goodyear Aircraft Corporation 
Litchfield Park. Arizona 

An equal opportun ity employer.  
Similar positions at Goodyear A i rcraft 
Corporation, Akron, O h i o .  

objects ranging from golf  clubs to gon­
dolas . As always i n  a work of this kind,  
i t  i s  not clear why certain words are illus­
trated and others not : for example, "mer­
maid" but not "derringer"; "submarine" 
but not "strawberry"; "wheel" and "well" 
but not "cylinder" or "cyclotron";  "the 
Prince of Wales Feathers" but n ot "li11{)­
type' :: "gri�

,
n ,"  "labar�:ll," "g�il

,
l?che : : 

and censer but not rocket, gull, 
"die" ( engraved stamp ) ,  "shrike," "foot­
ball," "mitre" ( joint ) ,  "flea," "Bunsen 
burner," "vacuum tube," "rhinoceros ,"  
"buffalo" or "llama."  Still ,  this  i s  a sturdy, 
attractive and useful book, up to the 
standards of the publishers of the great 
Oxford E nglish Dictionary. 

\ D rCTIOKAHY OF ELE CTnoKICS,  bv 
. - S .  H andel . Penguin Books ( $ 1. 65 ) .  
The rapidit�r of advances i n  m odern sci­
enee and technology i s  epitomi zed bv this  
dictionary.  Its subjeet i s  on Iv a few dec­
ades o l d ;  the word " electron ics" itsel f 
is not to be found in any English diction­
arv publi shed before 1940;  of  the 5,000 
or so en tries in this vol u m e  about a th ird 
did not exist before .1 950.  The defini­
t ions offered here are terse and manv of 
them will convev l ittle to the nontech n i ­
c a l  reader. F o r  those familiar w i t h  t h e  
lan guage of t h e  subject th is  inexpen sive, 
i l l ustrated and compaet paperback 
should prove usefu l .  

Notes 

H ISTOny OF SCIENCE : VOLUME 1, 1 962, 
edited bv A. C. Crombie and !V!. A .  

Hoski n .  W .  Heffel' and Sons, Ltd.  (30 
shil l ings ) .  This  first volume of an annual 
review contains ,  amon g other things,  a 
study of probl ems and sources of re­
search in the phvsical sciences i n  the 
first half  of the ] 9th century, a review of 
recent  N ewton ian research, a study of 
relations between science and technolo­
gy dur i n g  the 1 8th century, a survey of  
recent publications concerning the h is ­
torv of medicine and a number of essav . . 
book reviews . 

ASTHONO�JlC.�L TECHNIQUES,  edited 
by Wi l l iam A. H iltner.  The Un ivers it\ ·  
o f  Ch icago Press ( $ 1 6 .50 ) . This  second 
volume of Stars and Stellar Systf'HlS,  a 
projected n i ne-vol ume compendium of 
astronomy and astrophysics,  consists of  
24 in dependent chapters that review 
such topics as modern photometrics. 
polarimeters, i mage converters and tele­
vision apparatus now i n  use at astro­
nom ical observatories, as wel l as the 
m ore classical  methods of measurement 
and reduction i n volv ing radial velocit ies ,  
photograph i c  al ld  photoelectric photom-
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D ecision-Making : Deploy or not? • •  When and where? 

The costly, complex weapons systems of 

today make such a decision far more diffi­

c u l t  t h a n  in  t h e  p a s t .  World-wide forces 

and even ts are frequen tly involved. Th e 

time for decis ion has been compressed, 

the information on which it must be based 

has been multiplied in volume, variables, 

in terrelationships. This new era of deci­

s i o n - m a k i n g  h a s  led co m m a n de rs a n d  

governmental leaders t o  make use of man­

machine systems which provide informa­

tion processing assistance. SoCs staff of 

scien tis ts, engineers and comp u t e r  pro­

gr a m m e rs h a v e  b e e n  deve lop i n g  t h e s e  

h uge systems for more than eigh t years .  

1 1 ·248 

They help develop the system i tself, not  

the hardware within the system. Specifi­

ca lly, they a n a lyze system requiremen ts, 

syn thesize the system, instruct computers 

which are the core of the sys tem, train the 

system, evaluate the system, adapt i t  to 

the changing needs of i ts users .  And in so 

doing, they consider the in teraction and 

effect of men, doctrine, tradition, training; 

of organiza tions, chains- of-command and 

chains-of-succession; of communications, 

traffic cen ters, command posts, computers 

a n d  disp lays.  H u m a n  factors s c i e n t i s ts, 

operat ions resea rch scien tis ts, systems­

oriented engine ers, a n d  comp u ter  pro-

grammers in terested in joining this  rapidly 

expanding field and working in a close 

in terdisciplinary effort are invited to write 

Or. H. E. Best, SOC, 2430 Colorado Ave., 

S a n t a  M o n ica,  Ca l i fo r n i a .  Pos i t i o n s  a r e  

ope n  a t  SOC facilities in  S a n t a  Monica;  

Washington, D. c.; Lexington, Massachu­

setts; Param us, New Jersey; and Dayton, 

Ohio. "An equal opportunity employer." 

� SDC 
Syste m Development Corporation 
Systems that help men make decisions and 

exercise control 

1 8 1 
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INSTANT 
� I,;� LAUNCH �11 "" ,, � 
,'\; � .  -!:.- -.. -� .... . 

W i l l  space vehicles of the futu re be 

lau n c h ed o n  a ready-set- g o  basis? 

"Yes," says Robert A. Bailey , c h i ef 

spacecraft e n g i neer of Loc k h e e d ­

Cal iforn ia.  
" Refi nement of c u rrent launch p roce­

d u res is i n evitab le  in the years a head if 
we a re to achieve greater effic iency for 
America's space assa u l t .  New tec h niques 
i n  spacec raft launching a re essentia l  if  
we a re to rendezvous with manned space­
based veh i c l es."  

As v isua l ized by Lockheed - Ca l ifornia 
scient ists, a utomatic launching of "f l ight 
ready" p robes depends on completi ng a 
maxi m u m  n u mber of p re-fl ight operations 
before the spacecraft moves to its l a u nch­
i n g  p a d .  M a t i n g ,  a s s e m b l y ,  tests a n d  
e re c t i o n  w o u l d  b e  p e rf o r m e d  off  t h e  
launch site.  Resu l t?  Between-f ir ing peri­
ods wou l d  be cut to h o u rs instead of days 
o r  weeks. 

This new concept i n  spacecraft a n d  
m i s s i l e  l a u n c h i ngs - ra p i d-f i re  l i ftoffs 
that meet selected, sp l i t-second sched­
u les - typ if ies the cha l lenging problems 
that engross the attention of those who 
work here.  
S C I E N TI S TS A ND ENGINEERS of top­
level ta lent  and tra i n i ng a re i nvited to 
explore the i m mediate openi ngs at Lock­
heed-Ca l i fornia i n :  Antennas a n d  Propa­
g a t i o n ;  A d v a n c e d  Syste m s  P l a n n i n g ;  
B ioastronautics a n d  Space Medic ine ;  R F  
E q u i p m e nt ;  Astro p h y s i c s ;  Co m m u n ica­
t ions Analys is ;  Aerophysics;  Traci ng, Te­
lemetry, Com mand Engineering;  Weapons 
Effects; Operations Resea rc h ;  Theoretica l 
Physics; Radar Systems; Dynamics (F l ut­
ter, Ae roe l a s t i c i ty) ; T h e rmodyn a m i c s ;  
F l ight Test; G u i dance a n d  Contro l .  

Write : M r. E.  W .  D e s  Lau riers, Manager, 
P rofes s i o n a l  P l a c e m e n t  Staff ,  D e p t .  
2902, 2405 N .  Hol lywood Way, B u rban k ,  
Ca l i forn ia .  An equa l  opportun ity employer.  

LO C K H E E D  
C A L I F O R N I A  C O M P A N Y  

S pacecraft · Advanced Aircraft · ASW 
A D I V I S I O N  OF LOC K H E E D  A I R CRAFT COR PORATION 

1 8 2  

etry, techniques for visual measurement, 
measuring engines and so on. 

M ATHEMATICAL LOGIC, by Willard 
Van Orman Quine. Harper Torchbooks 
( $2 . 25 ) . A reissue of Quine's survey 
( last revised in  1 9 5 1 ) ,  noted for its 
clarity. This is a desirable book for the 
serious student. A paperback. 

PHILOSOPHY OF SCIEKCE, by Philipp 
Frank . Prentice-Hall, Inc.  ( $2 . 45 ) .  A re­
issue of an excellent book by a fine teach­
er. The main object is to exhibit the link 
between science and philosophy and to 
show that philosophy is still a living 
force, still growing, and has useful work 
to do in research and in the teaching of 
science and in deepening one's under­
standing of the world. 

M ANUAL OF THE TREES OF NOHTH 
AMEJUCA, by Charles Sprague Sargent .  
Dover Publications, Inc .  ( $4 ) . A two­
volume paper-backed reprint of a monu­
mental descriptive work bas�d on 44 
years of original research by this coun­
try's foremost dendrologist : the latc 
Charles Sprague Sargent. It  covers 185 
genera and 7 1 7  species of trees found in 
the U.S . ,  Canada and Alaska;  there are 
783 line drawings.  

PRINCIPLES OF STRATIGRAPHY, bv 
Amadeus W. Grabau. Dover Public;­
tions, Inc. ( $5 ) .  A two-volume soft-cov­
er reprint of a m ajor work of 20th-cen­
tury geology that first appeared in 1 9 1 3 .  
In' spite of advances in sedimentology 
since its publication, the treatise con­
tains a mass of information about the sur­
face of the earth that is ,  as the prefatory 
note by a contemporary geologist points 
out, as applicable today as when it was 
written . 

SIX MEDIEVAL MEN AND W'OMEK, by 
H. S .  Bennett. Atheneum Publishers 
( $ 1 . 25 ) . A reissue of a scholarlv and en­
tertaining book covering the iives of a 
few men and women of the 1 5th century 
for the purpose of enabling the mod­
ern reader to understand "something of 
what it  meant to be a soldier, or a civil 
servant, or the wife of a country land­
owner at that time." A paperback . 

A HISTOHY OF GREEK LITE HATUHE , 
by M oses Hadas . Columbia University 
Press ( $ 1 . 95 ) .  A renowned classical 
scholar and teacher examines Greek 
literature from Homer to the novelist 
Lucian, including its poetry, its trage­
dies and comedies, its philosophical 
works,  its orations and histories .  A paper­
backed reissue. 

AC-T H E  E L E CT R O N I CS D I V I S I O N  OF G E N -
E R A L  M O T O R S  C O R P O R AT I O N . . .  . . . . 1 33 

A g c ll c y : D. P. B r o t h e r  & C o m p a n y  

ACA D E M I C  P R E S S  I N C  . . . . . .  . 1 74 

A E R O J ET- G E N E R A L  S O L I D  R O C K ET R E -
S E A RC H ,  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  . . . . . . . . . .  l b7 

A .;- c n c y : D ' A rc }, A d Y C r f i s i n g  C o m p a n y  

A L L E N - B R A D L E Y  C O M P A N y  . . . . . .  . .  . . . . 1 53 
A;,:-cne y :  T h e  F C l l s h o i t  A c h'c r l i s i n g  A ge n c y ,  I n c .  

A L L I S- C H A L M E R S  M FG .  C O  . . . . .  1 7  
A/!,c/l c y : K l a u ·  " a n P i c I NSOIll · D u ldap , I n c .  

A M E R I C A N  C YA N A M I D  C O M P A N Y .  P LAS-
TICS AND R E S I N S  D i V i S i O N  . . . . . . . . . . . . . . . . . . . . . . . .  1 41 

A g- c ll c y : E r w i n  Wascy, K u t h r a u ff  &. R y a n ,  I n c .  

A M E R I CA N  O PT I CA L  C O M P A N Y .  I N ST R U -
M E N T  D i V i S i O N . . . . .  87 

'\ g- c n c y :  C e l i a  a n d  W c l l s .  Inl ' , 

A M P EX C O R P O R AT I O N  . . . . . .  
'\ g-ell (': Y :  C u n n ing:h atll &. W a l s h .  ! t \ ( " ,  

A M P H E N O L- B O R G  E L ECT R O N  I C S  C O R P O RA-

35 

T I O N ,  C O N N ECTO R D i V i S i O N  . . . . . . . . . . . . .  1 20 , 1 2 1  
Ag-cn c y : :M a rs l c l l c r  I n l : .  

A V C O  C O R P O R AT I O N  . . . 28 
A ; e l u: y : R e n t o n  &. B U ll ies.  I n c .  

B A R N E B EY-CH E N EY C O M P A N y . . . . .  . .  . .  1 32 
A g- e lw y : O d i ( ) r n l' I I HI I l � l ri al .\ d \ t.! r l i s i n g .  [ l t c ,  

BA U SC H  & L O M B  I N C O R P O RA T E D . . . . . .  99 

B E L L  T E L E P H O N E  L A B O RATO R I E S . . . . .  25 
;\ g e n q : 1\ , \'C A y e r  l'( S u n . l n e .  

B E L L CO M M .  I N C . ,  A B E L L  T E L E P H O N E  SYS-
T E M  C O M P A N y . . . . . .  . .  . . . . . . . . . . . . . . . . . . .  l b l  

B E N D I X  C O R P O R AT I O N ,  T H E .  C O M P U T E R  
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 1  

A/!f' l i l ' Y :  J o h n  � .  S h a ll C o m p a n y/ I Il I ' ,  

B O RG-WA R N E R  C O R P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . b .  7 
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C I N C I N N AT I  M I L L I N G  M A C H I N E  C O  . •  T H E .  
C I M T R O L  D I V I S I O N . . .  1 2  
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SYSTEMS ENGINEERS 
AND SCIENTISTS 

ITT Intelcom was formed short months 
ago by International Telephone and 
Telegraph Corporation. Its primary task 
for the next four years is to provide 
technological assistance to the Defense 
Communications Agency in the areas 
of systems planning, design and systems 
management for the global Military 
Commun ications Satellite System 
program. 

This is essentially applied research 
done on paper, not in a lab. The take­
off point in developing system design 
criteria is to work first with the best 
that exists today in theory, techniques 
and equipment - then to proceed to op­
timize all aspects of the system. New 
theoretical approaches will be applied. 
In the almost academic atmosphere that 
prevails here, members of the technical 
staff are relieved of administrative de­
tail and non-technical responsibilities. 

For the long term, the mission of 
Intelcom scientists and engineers is to 
build and expand a technical capability 
which will strongly influence the future 
growth and development of the whole 
field of satellite communications. 

Immediate Openings for 
SATELLITE COMMUNICATION 

SYSTEM ENGINEERS 

COMMUNICATIONS THEORIST 

TELECOMMUNICATIONS DESIGN 
& APPLICATIONS ENGINEER 

MAJOR SYSTEMS ANALYST 

MODULATION/DEMODULATION 
ANTI·JAM ENGINEER 

SPACECRAFT ANTENNA 
DESIGN ENGINEER 

AIRBORNE POWER SUPPLIES ENGR. 

Please write in full confidence to 
Mr. H. T. Curran. Box 93·ME. ITT 
Intelcom. Inc . . 5817 Columbia Pike. 
Bailey's Crossroads. Va. (15 mins. 
from downtown Washington. D. C.) 

ITT INTELCOM, INC., 
International Telephone 

and Telegraph Corporation 

An Equal OppoTtu"ity EmployeT 
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Haben Sie eine Stellung, die schopferische Arbeit 
und Erfindungsgabe erfordert? Sind Sie in einer 
Position, die Sie mit Aufstieg und neuem Ansporn 
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Stellung, die so wichtig sie sein mag, einfach 
nicht all die Talente ausnutzt, die Sie besitzen? 
Bei Perkin·Elmer ist niemand jemals so festge­
fahren. Der Grund dafiir ist, dass Perkin·Elmer 
eine Firma ist, der die Erforschung des Neulandes 
von Optik und Instrumentierung ein dauerndes 
Ziel ist. Hier widmet man sich Projekten, die 
scheinbar unliisbare Probleme losen soli en, um 
somit der Menschheit in der Auseinandersetzung 
mit ihrer Umwelt von Nutzen zu sein. 
Eine Perkin·Elmer Forschungsgruppe entwickelte 
die Optik und das Ortungssystem fiir das 
Astronomische Observatorium Stratoscope II. Die 
Aufgabe: ein System zu entwickeln, das eine 
von einem Bailon schwingende Plattform so 
stabilisiert, dass man Sterne und Planeten 
verfolgen kann. Die Losung: eine Genauigkeit von 
mehr als einer dreissigstel Bogensekunde von 
stundenlanger Dauer wurde erreicht. 
Perkin·Elmer Wisseilschaftler erkunden gegen­
wiirtig das Neuland der niitzlichen Anwendung von 
Maser und Laser Geriiten, die noch unerforscht 
und so revolutioniir sind, dass man iiber ihre 
weitgehende Verwendung in der Wissenschaft nur 
Vermutungen anstellen kann. 
Perkin·Elmer Ingenieure haben infrarote Nachweis· 
geriite entwickelt, die so sensitiv sind und ein 
solches Aufliisungsvermogen besitzen, dass sie in 
zukiinftigen Weltraumexperimenten Verwendung 
finden werden, um wiihrend des Vorbeifluges 
biochemische Strahlung der Planeten nachzuweisen 
und zu analysieren. 
Perkin·Elmer Wissenschaftler und Ingenieure leben 
an der Schwelle revolutioniiren Fortschrittes 
der Instrumentierung. 
Perkin·Elmer Mitarbeiter leben aber auch in der 
anziehenden Umgebung der schonsten Vororte des 
siidlichen Connecticut, in einem waldreichen und 
hiigeligen Gebiet, an der Meereskiiste und nahen 
Skiabhiingen, einer Gegend mit guten Schulen und 
freundlichen Nachbarn. 
Falls Sie Interesse haben mitzuarbeiten an der 
Entwicklung von fortgeschrittenen Projekten und 
komplizierter Forschung in Elektro·Optik, Nach­
weisgeriiten, Messung, Auflosungsvermogen oder 
Erkennungstechnik, falls Sie arbeiten mochten, 
wo Ausdrucksmoglichkeit und Anerkennung Ihrer 
warten: Lassen Sie uns einige Zeilen zukommen, 
mit einer Zusammenfassung Ihrer Erfahrung und 
Interessen. Wir wiirden uns freuen, ein Interview 
mit Ihnen zu vereinbaren, um Ihre Zukunft und 
Perkin-Elmer zu besprechen. Schreiben Sie an 
Herrn R. H. Byles, Perkin·Elmer Corp..orlltion, 
Norwalk, Connecticut. 
Ein Arbeitgeber mit gleicher Moglichkeit fiir 
aile Bewerber. 

PERKIN-ELMER 

,t. 
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Com para: iue alld Physiological Psy­

chology, Vol. 52, No. 1, pages 1-5; 
February, 1959. 

EN\'IRONl<IENTAL FAMILIARITY AND 

FEEDING IN A PU.NARIAN. Jay Boyd 
Best and Irvin Rubinstein in Science, 
Vol. 135, No. 3507, pages 916-918; 
March, 1962. 

CRISES IN THE HISTORY 
OF LIFE 

BIOTIC ASSOCIATIONS AND EXTINCTION. 

David Nicol in Systematic Zoology, 
Vol. 10, No.1, pages 35-41; March, 
1961. 

E"OLUTION OF LATE PALEOZOIC IN­
VERTEBRATES IN RESPOKSE TO MAJOR 

OSCILLATIONS OF SHALLOW SEAS. 

Raymond C. Moore in Bulletin of the 
Museum of Comparative Zoology at 
Harvard College, Vol. 112, No. 3, 
pages 259-286; October, 1954. 

PALEONTOLOGICAL GAPS AND GEOCHRO­

KOLOGY. Norman D. Newell in Jourllal 
of Paleoll/ology, Vol. 36, No. 3, pages 
592-610; May, 1962. 

TETRAPOD EXTINCTIO:\'S AT THE END OF 

THE TRIASSIC PEHlOD. Edwin H. Col­
bert in Proceedillgs of the Natiollal 
Academy of Sciellces of the U.S.A., 
Vol. 44, No. 9, pages 973-977; Sep­
tember, 1958. 

AN ASSYRIAN TRADING OUTPOST 

EARLY ANATOLIA. Seton Lloyd. A Peli­
can Book, 1956. 

INSCHlPTIONS FROM ALISHAR AND VICIN­

ITY. Ignace J. Gelb in Oriental Insti­
tllte PI/hlications, Vol. XXVII. Uni­
versity of Chicago Press, 1935. 

NEW FINDS IN THE "KARUM" OF KANESH. 

Tahsin Ozgi.i<;: in The Ililistrated Lon­
don News, Vol. 219, No. 5868, pages 
544-547; October 6, 1951. 

SOME ASPECTS OF COMMERCIAL LIFE 

IN ASSYHIA AKD ASIA M1/\'on IN THE 

NINETEENTH PnE-CHHISTIAN CEN­
TURY. Julius Lewy in JOl/rnal of the 
American Oriental Society, Vol. 78, 
No. 2, pages 89-101; June, 1958. 

"VHERE THE ASSYlIIANS BUILT A COM­

MERCIAL EMPIRE IN SECOND-i\fILLEN­

KIUM ANATOLIA: EXCAVATIKG THE 

"K.�HUM" OF K.-I.NES. Tahsin Ozgi.i<;: 
in The Illl/strated London News, Vol. 
2 16, No. 5778, pages 68-7 1; January 
14, 1950. 

SHOCK WAVES 
AND HIGH TEMPERATURES 

MAGNETICALLY DRIVEN SHOCK "VAVES. 

A. C. Kolb in Magnetohydrodynam­
ics: A Symposium. Edited by Rolf 

START 
WITH A POSTAGE STAM P 

. it can open the way to OPPORTUNITY /CHALLENGE/ SATISFACTION ... it can 
start your investigation of possible affiliation with the Laboratory with a reputation for 
leadership in the field of 

NUCLEAR ROCKETRY 
The Los Alamos Scientific Laboratory has openings for scientific and engineering 
personnel in Project Rover (nuclear reactors for rocket propulsion). 

At Los Alamos, New Mexico, located high in the pine·covered mountains of northern 
New Mexico, a small nucleus of scientists and engineers is creating the modern tech­
nology and basic research to make nuclear reactors practical for space propulsion. 
These reactors generate many thousands of thermal kilowatts per cubic foot of core, 
yet start-up time is measured in tens of seconds. Precise sensing of reactor system 
conditions and fast response command of power and propellant flow are requirements 
which challenge the best of current reactor and rocket engine technology. 

In an atmosphere of inquiry and imaginative applied research, individuals are pooling 
their diverse skills and challenging their competence to solve the expected and unex­
pected problems posed by nuclear rocketry. 

At the National Nuclear Rocket Development Station near Las Vegas, Nevada, the 
most powerful reactors ever built are being tested and analyzed by the Los Alamos 
Scientific Laboratory. There, an expanding $45,000,000 complex of test facilities and 
equipment provides the setting for exciting permanent positions in nuclear rocketry. 

Visionary and experienced scientists and engineers at all degree levels are invited to 
apply for positions in: Reactor Stress Analysis/Experimental Heat Transfer/Materials 
Engineering/ Applied Mechanics. 

CONTROL SYSTEM DESIGN 

Design and design modifications of closed-loop control systems and programmers for 
reactor and flow systems to achieve test objectives. 

DATA SYSTEM ANALYSIS & PROGRAMMING 

Analysis of digital computer requirements for inputs, outputs and numerical analysis 
in the context of a total information system from physical variable to data displays. 
Determination, planning, flow·diagramming and programming considering real time. 
delayed time and extensive data checking and editing reqUirements for digital computer 
processing. 

REMOTE CONTROL EQUIPMENT & TOOL DESIGN 

Design of tooling and equipment for remote control handling of reactor assembly, 
disassembly and maintenance. 

Qualified applicants are invited to send resumes to: Director of Personnel, Division 63-20 

los( ialamos 
o. THE����H,��H�w!��oratory 

1 . 

LOS ALAMOS, NEW MEXICO \ An ..... olili.d oppli(onts will r.uiv. (onsid.rotion lor .mployment willtout 
"gord to ro(., crted, (alar. or nolio.ot origin. U.S. (itinnship " .. uired. 
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See the Stars. Moon. Planets Close Upl 

3" ASTRONOMICAL REFlECTING TElESCOPE 
Study Venus-the brightest star 
Probed by Mariner II Spacecraft 

60 to 180 Power-Famous Mt. Palomar Type! An Unusual Buy! 

See the Rings or Saturn, 
the fascinating plallet 
.:'lIars, huge craters on 
the ':\loon. phase� of 
Ye n u s .  EQu aTo r i a l  
mount Il'jtll lock Oil hoth 
axes. Aluminized and 
fwcrcoated 3" diameter 
high-speeJ. f/tO mirror. 
Tel e s c o p e  c o m e s  
efluipped with a 60X 
eyepicee UHfl a mounted 
Harlo\\' Lens. OPtical 
Finder Teic.:;c-ope in­
cluded. Hardwood, port­
ahle tripod. FREE with 

CH_411T plus 2 72-page "TTAXDB�'gl�� : o';�I�i��� y���!-� 
plus "l-TO,,- TO L"SE Y01;R TELES('OPE" BOOK. 
Stock No. 85.050·5 .......................... $29.95 Postpaid 

4114" Astronomical Reflector Telescope! 
255 Power. New Yibration-Free -:'Ilctal Peciestal ,\1011111. 
Stock No. 85,105-S $79.50 F .O.B. Barrington, N. J. 

SUPERB 6' REFLECTOR TELESCOPE! 
Inc. electnc clock drive, selling circles. equatol'inl m011l\t. 
pedestal base, 4 eyepieces for' up to j70X. 
Stock No. 85.086-5 ... ..... .. $195.00 F.O.B. Barrington, N. J. 

SOLAR CELL SET HARNESSES 
POWER OF THE SUN 

Conduct spell-binding experiments. ex­
perience endless fascim.Hion in cvnvert· 
lng sunlight into electricity to I-Iowel 
small mOlOI·S. ampliliel's, nlake light 
111etel's, densitvmeterS, burglar alarms. etc . 
Ul;ed expel'imentaJly to dl'ive cars, power 
boats. Low pdee set includes SILICON 
SOLAH CI-:I.L and SU� HATTEHY (pl'V' 

duces .2 to .45V 10-10 milliamps), SEL��IUM SOLAH 
PHOTOCELL (lower powel') �lIld. 112·page Handbook of 
PI'ojects, demOllsu·ations. experiments, etc. Also incl. 
CADMIUM SULPHIDE PHOTO CONDUCTIVE CELL (light 

sensitive resistor) which generates electl'icity to tUI'n lights 
on in Ihe evening. open dool·s. count U'affic, etc. etc. 
Stock No. 60,291.S.. .. ................ $7.95 Postpaid 

/1')' BUILD A SOLAR ENERGY FURNACE s;_. A fascinating new fieh.l. Huild your own Svlar 
Fm'nace for expel'imenlatioll-Inany pI'actical 
uses. Easy! Inexpensive! Use sCl'1lpwood! 'Ve 

'. ��Yi� is
;e������

ct:��I�fi�r
h��a��dhoo�

er
fg �o'O��� 

Fuses enamel to metal. Sets papel' aflame in 
seconds. Use OUI' FI'esnel Lens-14" diilmeter' . . . r.l. 14" 
Stock No. 70, 130·S ...... .. .. . .  :F'resnel Lens . ... . ... $6.00 Postpaid 
11" SQ. Fresnel Lens F.L. 19" 
Stock No. 70,533-S . li· \�:.:,�;,::

d
�-: ,��,A.;,Ii.;,T.;,roU,;. , ,.,�.;, x-:::.�,;.e':;;h,;.�;.;e':;;�;.;s!;;;,�;;;;,IiI!; " tt�eU ,�r, 

falls, fountains. lIO gage railroad backdrops. 
et('. 'finy (2% x 1%") electric motor alld pump • ideal for hobbyists, labs, schools. Pumps con-

� c� -=r.� !l����\���� :t�; y�"w����. a�"ir,�
e 

2 
o

� °b�tt��:�s J)r,� 
series will pump to 24" high. HUllS 48 Ilrs. on !Jattery. \Yorks in either dirc/'lion. Self priming. 
Stock No. 50.345·5 ............................ $2.25 Postpaid 

ANALOG COMPUTER KIT 
, ....-:.� � rtf,''-:'"-''f;,- ingly important elrctronic COIll-
!-�= . .,.,;.uItU"wt .. �iU1 Idcal introdul'tion to the increas-

(��.) ��}i ��}J) puter .field .. For . hri��lt st�ldent,s,. 
� - _-'':':,;:-.-:: .-; -":::'=..::::: ��ie�II���

n
�:h.\�I��s�sr

t
aCt(!s lI:)a�\I�S al:l�'ll� 

tog computing principles-can be Ilsed for multiplica­
tion, di"ildoll, powers. roots, log. opera! ions, trig 
problems. physics formulae. electri\'i!r and Illagnetislll 
problems. F.asily assemblrd with serf'I\'(lrirer and pliers. 
Operates on 2 flashlight batteries. Electric meter and 
3 potentiometers motlntf'd on die-cut box. Answer indicated 
on dial. 20" long. W' wide, 2" deep. 
Stock No. 70.341·5 .......................... $14.95 Postpaid 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Ii:ils contain mirror blank. tool, abrasil'es, diagonal mirror. 
eyepiece lenses. You build instrllOH'nts valued from $7':).OU 
to hUlldreds of dollars. 
Stock No. Dia. Mirror 

�g:gg�:� :Y4" 
70,005-5 8'" 70,006-5 10" 70.007-5 121/2" 

Thickness 3/4" I' . 13/." 13/4'" 21/8" 

Price . 
$ 7 .50 postpa�d 11.95 postpaid 

19.50 postpaid 

��:�� t B:r��n�ton 

MAIL COUPON FOR FREE CATALOG' 

WORLD'S LARGEST SOURCE OF OPTICAL PARTS 
164 pages! Over 1000 bargains! 
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, pafts and accessories. 
Also telescopes, microscopes, bin­
oculars, sniperscopes, science ex­
periment items; math leafning and 
teaching aids. Request Catalog S. 

EDMUND SCIENTIFIC CO •• BarrinCJton. N.J. 
Name ............................................................................................. .. 

Address .......................................................................................... . 
City ................................................ Zone ........ State ..................... .. 

50·150·300 POWER MICROSCOPE 
Amazing Value-:j Achromatic Objective Lenses 
on Revolving Turret: Imported! The color· COl', 
rected, cemented achl'onlatic lenses in the of), 
jeclives give you far superior results to the 
single lenses found in the micl'oscopes sellinj.! 
in this range. Results al'e worth the diffel'ence! 
����k r��� �g�oSU����' . .. ��.���.

i
.I�.�: .. $14.95 Pstpd. 

MOUNTED 500 POWER OBJECTIVE 
... TIII'eaded fOI' ellsy atlHchment on abo\'e 
\llicl·oscope. Achl'omatic lenses rot" fine view· 
ill!!. :1 mm. focal lenj.!th. 
30.197·5 .............................. $5.00 Pstpd. 

American Made­
Over 50% Saving 

STEREO MICROSCOPE 
Years in cle\,e)opment. Equals �300 to $400 
inSlrUll1ent. Precision Amel'i('all rllade. 
t:setl for checl,iug, inspecting, smull lIS­
sClllhly work. LP to 3" worldng distan('c. 
('lcar, �harp. erl.'ct illlage. \\,ide 3 dilllCI1-
!-;ional fielcl. 2 sets of ohj('{·til·cl-i Oil rotating 
tllrret. 23X and ·10X. 10 UlI.\" Free Trial. 
Stock No. 85.056·5 ................ 599.50 

A Dazzling Rainbow of Color! 

Once-in-o-lifetime Buy! 
HIGH SPEED AERIAL 

CAMERA LENS 
Est. Gov't Cost Well in Excess 

of $10.000. Yours for $495. 

designed b,r Dr. J. C. Hakl.'r. !':uited to 
sl>ectral balUslic camera for missile re-entry, satl.'ilite lind 
asteroid ))hotography, lab colli mater for large field of l"1e\\, 
�6" }"/4. Corers 20" dia. field (14'" x 14"). Color-£'orrccted 
for 'I'HJ-X with a dichroic tilter coated 011 element #4. 
])eaking at alJprox. 5100-6900 AngstrolllS. ,,"ell corre£'tcd 
Hell at full aperture. Angle of \'iew 31°. Aperture: re]atil'c 
f/4, front opening 12". l"ocusing range; fixed at infillit)' 
Ililh prol"ision for fine fOl.'ltsing. Back f/1 20%. 'I'ransmit­
UlIlC"e (through orange filter) 62%. ]i'lange f/l 10" +.003". 
33�" total 19th. Total elia. 22%". 7 elements. Wt. 257 
Ihs. Shipping' wt. 713 lhs. 
Stock No. 85.149·5 ............................ $495.00 F.O.B. 

Barrington. N.J. 

Remove Your RetaininCJ RinCJs. Disassemble 
Lenses. Cameras. etc. ADJUSTABLE 

SPANNER WRENCH 
-

_ .  

Made for U.S. Air Porce­
araiJable at a fraction of GO\'­
emment cost. A top grade. 
"ersatile tool that erery in­
strument and camera repair 
man or just plain tinkerf'r 

should own. Adjustable for lh" to 12" diameter retaining 
rings. COlllplete with six different pairs of points to tit all 
types or slots and holes. 3". 6", and 12" main bars. All st.eel 
and nicelr plated. 'l'he finest tool \\'e hare erer come lIcross 
for this type or retaining ring work ANU It real tlar�ail1 
at Ollr 10\\ priee. 
Stock No. 70.355·5 .......................... $12.50 Postpaid 

Stock No. 60.270·5 ... .. ............. $25.00 Pstpd. 
0110111 liT srOCK NUMerll • SIND CHICK 011 MONI., 0110111. SATIS'ACT/ON GUAIIANTffD! 

EDMUND SCIENTIFIC CO., BARRINGTON, N. J. 
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K. M. Landshoff. Stanford University 
Press, 1957. 

MAGNETO-HYDRODYNAMIC SHOCKS. F. de 
Hoffmann and E. Teller in The Physi­
cal Revue, Vol. 80, No. 4, pages 692-
703; November, 1950. 

MAGNETO-HYDRODYNAMIC SHOCKWAVES. 
H. Lawrence Helfer in The Astrophys­
ical journal, Vol. 117, No. 1, pages 
177-199; January, 1953. 

SUPERSONIC FLOW AND SHOCK WAVES. 
R. Courant and K. O. Friedrichs. 111-
terscience Publishers, Inc., 1948. 

THE FUNGI OF LICHENS 

INVESTIGATIONS ON LICHEN SYNTHESIS. 

Vernon Ahmadjian in American jow'­
nal of Botany, Vol. 49, No. 3, pages 
277-283; March, 1962. 

LICHEN HANDBOOK. Mason E. Hale. Jr. 
Smithsonian Institution, 1961. 

. 

STUDIES ON LICHENIZED FUNGI. Vernon 
Ahmadjian in The Bryologist, Vol. 64, 
No. 2 and 3, pages 168-179; Sum­
mer-Fall, 1961. 

THE CLOCK PARADOX 

ETHEH AND RELATIVITY. G. Builder in 
Australian journal of PhYSiCS, Vol. 2, 
No. 3 , pages 279-297; September, 
1958. 

THE RESOLUTION OF THE CLOCK PAHA­

DOX. G. Builder in Austmlian journal 
of Physics, Vol. Hi, No. 2, pages 246-
262; September, 1957. 

SOME RECENT EXPEHIMENT AL TESTS OF 
THE "CLOCK PAHADOX." C. W. Sher­
win in The Physical Review, Vol. 120, 
No. 1, pages 17-21; October, 1960. 

THEOHY OF RELATIVITY. W. Pauli. Per­
gamon Press, 1958. 

ZUH ELEKTHODYNAMIK BEWEGTER Kem­

PER. A. Einstein in Annalen del' Phys­
ik, Vol. 17, No. 9, Series 4, pages 
891-921; 1905. 

MATHEMATICAL GAMES 

CONVEX FIGUHES. 1. M. Yaglom and 
V. G. Boltyanskii. Holt, Rinehart & 
Winston, Inc., 1961. 

THE ENJOYMENT OF MATHEMATICS. 

Hans Rademacher and Otto Toeplitz. 
Princeton University Press, 1957. 

THE KINEMATICS OF MACHINEHY. Franz 
Reuleaux. Macmillan and Co., 1876. 

AMATEUR SCIENTIST 

AMERICAN SPIDERS. Willis J. Gertsch. D. 
Van Nostrand Co., Inc., 1949. 

THE LIFE OF THE SPIDER. John Cromp­
ton. The New American Library of 
World Literature, Inc., 1954. 
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Statue of Benjamin Franklin by James Earle Fraser in The Franklin Institute. Philadelphia 

Great Ideas Make Great Men 
The founders of America were fired by great 
ideas. And the ideas made them great. 

But today, America needs new ideas to en­
hance its place among nations. Ideas in science, 
in business and trade, in living and culture, in 
the moral influence America exerts on world 
affairs. 

Where will the ideas come from? Normally 
from higher education. But colleges are facing 
shortages. Even now some are overcrowded and 
in ten years there'll be twice as many applicants. 

Certainly, with increasingly urgent responsi-

bilities to our country and to the world, we can­
not tolerate shortages in ideas and leaders. Col­
leges need classrooms, modern libraries, up-to­
date laboratory equipment and, not the least, 
top-notch teachers and professors. 

Higher education is everybody's business. Col­
lege is America's best friend-give to the college 

of your choice. 

If you want to know what the college crisis means to you, write 

for a free booklet to: HIGHER EDUCATION, Box 36, Times 

Square Station, New York 36, N. Y. 
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ENGINEERS -SCIENTISTS 

experimental 
laboratory 

10,000 miles long 

• • .  expandable to 
girdle the earth­

reach 230,000 
miles to the 

ENGINEERS and SCIENTISTS LOOKING FOR \\BIG·SYSTEM" CHALLENGES 
will find them with PAN AM at the Atlantic Missile Range. 
This is the giant laboratory where the nation's major missile systems and space vehicles come for their crucial flight tests, 
research, and development, under a true operating environment. It's more than hemisphere long, for ballistic missiles. linked 

with other national ranges,. it provides orbital coverage and impact location, as in recent Mercury launches. Right now, Advanced 
Planning Groups are working to raise its capabilities to encompass recording all relevant data from lunar flights, including voice 
communications. Already solutions for problems of data acquisition from the interplanetary missions of the 70's are under 
study. 0 Taken all together-this is a task of great magnitude in which PAN AM's Guided Missiles Range Division is by no means 
alone. In carrying out the triple responsibilities assigned the Division by the USAF for range planning, engineering, and opera­
tion, PAN AM cooperates with many segments of American industry: 

• GMRD, by designing individual range instrumentation systems to match the requirements of each new program, collaborates 
with Range Users, who create the new vehicles and spacecraft. 

• GMRD works closely with the radar, telemetry, computer and communication industries providing speCifications and technical 
direction for the development of new equipment. 

• GMRD and its subcontractors operate and service the tracking and other electronic equipment of the range. 

In addition, PAN AM provides launch and operations support at Cape Canaveral and Down Range. 

IF YOU ARE INTERESTED IN CONTRIBUTING TO THE NEW RANGE TECHNOLOGY, INQUIRE ABOUT THE FOLLOWING POSITIONS: 

Systems Engineers & Program Managers, EE, Physicists with specialized knowledge in any major area of range instrumentation 

Instrumentati o n  Planning Engineers, EE, Physicists with specialized knowledge in advanced instrumentation systems 

Technical Staff & Advance Planning Groups MS, PhD- Physics' Electronics • Mathematics' Celestial Mechanics· Astronomy 

Why not write us today, describing your interests and qualifications in any .er... 
of the areas above. Address Dr. Charles Carroll, Dept. 68B, Pan American � � GUIDED MISSILES RANGE DIVISION 
World Airways, Incorporated, P.O. Box 4465, Patrick Air Force Base, Florida. ;C-=,�)�;,�· 'C=� ��;:�::;:;;;�����-�=: "Carrying on Range Planning, Engineering and Operation of Atlantic Missile 'l25i.if' PATRICK AIR FORCE BASE, FLORIDA 
Range for the USAF since 1953. An equal opportunity employer. 8J� 
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To line a ditch or hold a hitch, call on Enjay skills 
When a new secretary asked her Enjay boss what "technical ally recognized authorities. Enjay sales offices across the 

service" meant, he didn't know where to start. One day we country are also staffed by experts, able to serve you in 

may be working on a way to help farmers conserve precious both technical and marketing matters. 

water by developing a better irrigation ditch liner of Enjay Competent technical assistance from Enjay has some· 

Butyl rubber; the next, helping rope manufacturers offer a times made the vital difference in a critical development 

better product at lower cost with ESCON® polypropylene. program. If your company uses chemicals, plastics, rubber 

In solving such problems, Enjay can call upon one of the or petroleum additives, we're ready to go to work for you. 

world's largest research organizations, made up of 2900 For further information please write to Enjay, 60 West 49th 

highly trained technical experts, many of whom are nation· Street, New York 20, New York. 

ENJAY CHEMICAL COMPANY, a division of Humble Oil & Refining Company <!NJ0 
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