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Change of color changes properties: Spectrophotometers and 
color computers help to control color in M&T vinyl coatings to 
within one MacAdam unit. But change colors significantly and 
you often change physical properties, as indicated above. Here 
human capability comes in. Putting experience to work, M & T 
chemists often come up with entirely different formulations for 
two colors to have the same physical and chemical properties. 

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

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

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

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

M&T Chemicals Inc. 
IN CANADA: M&T PRODUCTS OF CANADA LTD. 
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THE SYMBOL OF COMPUTER CONTROL LEADERSHIP 

I!i The Bunker-Ramo Corporation, formed from 

Thompson Ramo Wooldridge's TRW Computer Division 

and Martin Marietta's Electronic Systems and Products 

Division, is broadening the horizons of industrial con

trol and is extending the position of world leadership 

in computer control systems held by TRW Computer 

Division. I!i The keystone of The Bunker-Ramo Corpo

ration is the experience and background of process

oriented systems and control engineers who designed 

and installed the world's first industrial control com-

puter system, and who have installed more successful 

systems than all other computer manufacturers 

combined. 

I!i The world over, more companies look to this symbol 

for computer control leadership than to any other. 

I!i For case histories write: Director of Marketing, 

Industrial Systems Division. 

IIj THE BUNKER-RAMO CORPORATION 
8433 FALLBROOK AVENUE CANOGA PARK CALIFORNIA 

ELECTRONIC CONTROL SYSTEMS FOR INDUSTRY AND GOVERNMENT 
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SOLID-STATE 
"GENETICSII 

This implantation of Boron-I I ions to a 
depth of 1.5 microns into a silicon substrate 
typifies research achievements in solid-state 
technology made possible with HVEC Par
ticle Accelerators. 

Accelerators used for ion implantation are 
paving the way for further advances in 
exotic new microcircuitry and thin-film com
ponents. And leading manufacturers of solid
state devices already have proven the value 
of radiation processing with HVEC acceler
ators for reliable, precise production of 
semiconductors. 

HVEC Particle Accelerators - with their 
precisely controllable energy, intensity, and 
low energy spread with freedom of particle 
choice - are ideally suited for applied 
nuclear research. 

For more details on particle accelerators, 
write High Voltage Engineering Corpora
tion, Burlington, Mass. Subsidiaries: Elec
tronized Chemicals Corporation, offering 
contract radiation service; Ion Physics Cor
poration, providing contract research and 
development. 

� HIGH VOLTAGE 
"" ENGINEERING 

. another ne w 

technology that 

is moving forward 

-faster- with 

HVEC Particle 

Accelerators 

:;S&�.� �w.JlL.--.JL-...a:..�CS··L". :".:;"/"'�"�:ti!;: 
High Voltage Engineering produces a complete line of particle accelerators ranging from 300-keV to 30 MeV. 
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Opportunity 

Benefit from the 
"magic" of the marital 

tax deduction 
Be sure your family won't 

end up paying more estate tax 
than necessary. The Federal 
tax is progressive, so the bigger 
your estate, the bigger the pos
sible reduction of what goes to 
your beneficiaries. 

But if you are married, you 
can cut back the size of your 
estate so that it won't be taxed 
in the highest applicable 
bracket. Proper disposition of 
your life insurance is a big step 
in accomplishing this end. And, 
the savings possible are so star
tling that the marital deduction 
seems to be "magic" once the 
opportunity is explained. 

There's a man particularly 
well equipped to help you real
ize these savings. He's one of 
New England Life's "men of 
opportunity"-the select group 
of our agents (roughly one of 
three) who qualify for the 
designation through exceptional 
knowledge, experience and ini-

, 
tiative. His full-time job is 
showing men like yourself how 
to really use life insurance, over 
and above meeting normal 
insurance obligations. 

Various uses of insurance 
that the man of opportunity 
may be able to relate to your 
circumstances are covered in 
our free PORTFOLIO OF OP
PORTUNITY-a collection of 
timely, penetrating reports. 
We'll be glad to mail it to you. 

�F�:�r:;o
n

n

d 

�:fe-li.·· •••••••..•• > •••••• • ii ...•...•... 
I B osto n, Mass. 02117. "lWft�\Uj;tlt'�!f'J'tjItT!;MI'tY 

I
lpleasemail the free """"Y' PORTFOLIO OF IOPPORTUNITY to: 

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

1--------

1 ______ --

L ____________ _ 

NEW ENGLAND MUTUAL LIFE INSURANCE CO. 
Founder of Mutual Life Insurance in America - 1835 

THE COVER 

The design on the cover shows the arrangement of atoms in a thin layer of a 
crystal of the natural mineral tobermorite. It has recently been discovered 
that a partly crystallized form of tobermorite, called tobermorite gel, is the 
main product of the chemical reaction between portland cement and 
water. Tobermorite gel is thus the principal cementing constituent of con
crete (see "The Chemistry of Concrete," page 80). Chemically tobermorite 
is a calcium silicate hydrate. In the cover design the yellow spheres repre
sent calcium atoms; the red spheres, silicon atoms; the blue spheres, oxygen 
atoms. Attached to some of the oxygen atoms are hydrogen atoms, which are 
not shown. The structure of tobermorite was determined in 1956 by H. D. 
Megaw and C. H. Kelsey of the University of Ca�bridge; this presen
tation was worked out by H. F. W. Taylor of the Umverstty of Aberdeen. 
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in national defense-the words 

Ilreliability" and ��necessity" are synonymous 

• With the Strategic Air Command at instant readiness, 
any break in communications could seriously impair its 
total defense capability-and possibly also our national 
survival. To achieve the unusually high reliability de
manded in this critical military application, Electronic 
Communications, Inc., uses Allen-Bradley Type G con
trols in the airborne transmitters they build for the SAC. 

In the Type G control, the solid resistance element, 
collector track, terminals, and insulating material are 
hot molded into a single, solid structure that -for all 
practical consideration -is indestructible. In addition, 
molded contact brushes are used - no sliding metal con
tacts. This design assures a low initial noise factor, which 

actually improves with use. There's virtually infinite 
resolution -so control is always smooth and completely 
devoid of sudden changes in resistance during adjustment. 

A-B Type G potentiometers are rated 0.5 watt at 70°C, 
and will operate reliably in ambient temperatures from 
-5 5°C to +120°C. Also, the operational life exceeds 
50,000 cycles with less than 10% resistance change. They 
can be furnished in maximum resistance values from 100 
ohms to 5 megohms. For full details on these quality 
controls, please write for Technical Bulletin B5201. 
Allen-Bradley Co., 1204 S. Third Street, Milwaukee, 
Wis. 53204. In Canada: Allen-Bradley Canada Ltd., 
Galt, Ontario. 

ALLEN-BRADLEY TYPE G HOT MOLDED VARIABLE RESISTORS 
Shown Actual Size 

TYPE GWEL TYPE GWP AN 0 LWP 

WITH ENCAPSULATION WITH WATERTIGHT PANEL SEAL 

TYPE GWL AND LWL 

WITH LOCKING BUSHING 

TYPE GWX 

WITH LINE SWITCH 

Electronic Communications' AN/ART-42 UHF 

I 
A LLE N - BRA D LE Y 1 KW AM/FM Transmitter in service with the 

SAC, and internal view showing use of A·S's 
Type G controls. QUA LIT Y E LEe T RON IC C 0 M P 0 N E N T S 
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"POLAROID"· 

Our 1108: 
the non-automated Polaroid camera 
for non-automated people. 

6 

There are only two Polaroid Land cameras made these 
days. The most automatic automatic and the most man· 
ual manual. This is the latter. It's for people who want to 
control their picture.taking at every step. 

You have to focus the HOB. You use the same large 
window for the coupled rangefinder and parallax·cor. 
rected viewfinder. The lens is a four element 127mm, 
f/4.7 Rodenstock-Y sarex, with resolving power to 70 
lines per mm. You'll rarely be handicapped by that. 

You have to select an aperture. There are nine, from 
f/4.7 to f/90. (The latter is a special lens cap aperture 
that gives you depth of focus from 20 inches to infinity.) 
If you feel these apertures are uncomfortably small, re
member that the most versatile film for this camera has 
an A.S.A. equivalent rating of 3200. 

And you have to set the speed of the shutter. It's a 
Prontor with nine speeds from one second to 1/300 sec-

ond, plus bulb and a built-in 10-second delay timer. 
But the very first thing you have to do is select which 

of the seven Polaroid Land films you're going to use. 
They all give you pictures on the spot. You get black and 
white prints in 10 seconds. Color prints take a minute. 
And b&w transparencies are ready to project in 2 minutes 

or less. 
Getting on-the-spot results, 

of course, is the big difference 
between the HOB and any or
dinary camera you happen to 
have around. 

The developing and print
ing, we confess, is automated. 
But the camera itself isn't. 
And if you aren't-then this is 
your camera. 
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Paradoxical tin. Tin and 
aluminum, alloyed with titanium, 
produce an extra-strength alloy 
(used in the Mercury spacecraft) 
with a useful temperature range of 
-423°F to 750°F. At ultracold 
cryogenic temperatures -200°F and 
below, a tin-columbium alloy be
comes a superconductor without 
resistance to electrical current flow. 
The melting point of pure tin is 
a relatively low 449.6°F which 
makes it an ideal alloy with lead for 
soldering and joining. 

Ancient/Mo dern. Tin has 
been around for over 5000 years. 
The Phoenicians and early Egyp
tians used it. The Bronze Age might 
appropriately be renamed The Tin
Bronze Age. And no one has ever 
found a suitable substitute for tin, 
though many have tried. 

Tin has kept pace with technologi
cal advances. It is a modern metal. Its 
uses are infinite. If you have dental 
fillings they are part tin. A tin 
chemical is used in toothpaste to 
help prevent decay. Tin-bearing 
phosphor bronze is so corrosion 
resistant that sea water does not 
faze it. Tasteless, non-toxic tin is 
used to plate steel and protect 
beverages and foods-from beer 
to beans. Organotin compounds 
help make plastic clear and, in 
paints, help stop wood rot and 
decay and kill bacteria. Tin hardens 
copper and strengthens steel and 
cast irons. In new tin-aluminum 
bearings, tin provides lubricity and 
fatigue resistance. 

Background. Tin comes from 
cassiterite are. Its occurrence is 
relatively rare. Not a pound is 
mined commercially in the U.S. 
Over 40% of the free world's tin 
comes from Malaya - now 
Malaysia. This is called Straits Tin: 
minimum purity, 99.89%. So we 
say, "Straits is to Sn as Sterling 
is to Ag." 

Brochure. It seems likely that 
a metal as versatile as tin might 
hold the answer to one of your 
current or future problems. It 
would certainly appear worth inves
tigating. For your general informa
tion we have an interesting 24-page 
color brochure on Straits Tin-how 
it is mined, smelted and used. A 
copy is yours for the asking. 

The Malayan Tin Bureau 
Dept. B·39D. 2000 K SI. N.W., Washington, D.C. 20006 

LETTERS 
Sirs: 

James R. Newman's review of Inter

stellar Communication in your February 
issue is written with his usual mixture 
of wit and wisdom. As one of the au
thors, I am grateful for the general 
blessing he has given to our enterprise, 
and I only wish to rebut two of his off
hand pronouncements I consider un
true. 

The first pronouncement concerns in
terstellar space travel. Newman quotes 
the calculations of Edward Purcell and 
Sebastian von Hoerner and remarks that 
these "expose the hoax" of interstellar 
space travel. The calculations are, of 
course, perfectly correct and show that 
interstellar voyages cannot be com
pleted within the span of a normal 
human lifetime. However, this does not 
by any means dispose of the problem of 
interstellar space travel, either in rela
tion to the future of our own species or 
to the possible present activity of others. 
It is rather easy to envision propulsion 
systems that would economically propel 
large vehicles at a speed of a few light
years per century, such speeds being 
characteristic of nuclear power sources. 
Interstellar voyages would then require 
thousands of years. For a society to be 
capable of making such voyages it 

Scientific American, April, 1964: Vol. 210, No.4. 
Published monthly by Scientific American, Inc., 
415 :Madison Avenue, New York, N.Y. 10017: Gerard 
Piel, president; Dennis Flanagan, vice-president; 
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returned unless accompanied by llOstage. 
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would be sufficient that the society 
either consist 'of very long-lived organ
isms or have solved the problem of 
reversible freezing and cold-storage of 
individuals. Thus interstellar travel is 
essentially not a problem in physics or 
engineering but a problem in biology. 
There is no reason to exclude arbitrarily 
the possibility that other species in our 
galaxy may have solved this problem, 
or that we may later solve it ourselves. 
Many of us, no doubt including New
man, would find thousand-year trips 
unappealing, but we have no right to 
impose our tastes on others. 

Newman's second objectionable state
ment is his jibe at "a few of the con
tributors to this book" who "are silly 
enough to impute to the societies of 
other planets the same murderous im
pulses, military ambitions, obsessions 
and follies that shape our own civiliza
tion." I do not know if he includes me in 
this category, but I hope he does. I am 
glad to speak for all scientists interested 
in interstellar communication who do 
not share Newman's peculiarly optimis
tic preconceptions. 

Our business as scientists is to search 
the universe and find out what is there. 
\Vhat is there may conform to our moral 
sense or it may not. Our business is to 
try to imagine and find means to detect 
the possible manifestations of intelli
gence in the universe. It is just as un
scientific to impute to remote intelli
gences wisdom and serenity as it is to 
impute to them irrational and murder
ous impulses. We must be prepared for 
either possibility and conduct our 
searches accordingly. I personally can
not accept Newman's view that inter
stellar communication will necessarily 
be "the perfect, deliberate, philosophi
cal discourse." Intelligence may indeed 
be a benign influence, creating isolated 
groups of philosopher-kings far apart in 
the heavens and enabling them to share 
at leisure their accumulated wisdom. 
Or intelligence may be a cancer of 
purposeless technological exploitation, 
sweeping across a galaxy as irresistibly 
as it has swept across our own planet. 
In this connection it is of importance 
that, even at the slow rate of interstellar 
travel that is unquestionably feasible, 
the technological cancer could spread 
over a whole galaxy in a few million 
years, a time very short compared with 
the life of a planet. 

All of us who think seriously about 
the detection of extraterrestrial intelli
gence know that we suffer from one 
basic limitation. Our imagined detectors 
detect technology rather than intelli-
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PITCH 

us 

A 

WILD 

CURVE 

Customers told us they wanted much longer potentiometer life' expectancy for Space 

Age applications. Typical Litton challenge-and in typical Litton fashion, we answered 

it with a dramatic solution: We developed advanced conductive filmpots that deliv

ered millions of cycles at hairline accuracy, with the unique ability to handle extreme 

non-linear functions involving high slope ratios. The 2-gang filmpot above combines 

cosine and cosecant functions with ultra-tight conformity. Using precision film or 

servo winding techniques, Litton inventiveness, abetted by Litton proprietary produc

tion methods, turns potentiometers into sophisticated function-generating instruments 

instead of ordinary voltage controls. You can test our capability in extending potenti

ometer possibilities by challenging us to turn your problem into compact hardware. 

In a miniature 1 J{6 inch package 
two single turn wirewound sec
tions generate sine and cosine 

functions within 0.5% terminal 

conformity. Displays h igh sta

bility under wide range of oper

ating conditions. V ersat ile 

design for varied applications. 

4 - g ang wirewound potentiom

eter p rovides loaded linea rfunc

tion with u ltra- p r ecise t racking 
conformity under low load ratio. 

The features and 

f un c tions of a 

very hig h preci
sion, 2-i nch, ten

turn, wirewound 
unit h a ve been 

compressed into 

this YQ-inch-thin. ==d' 
' pancake" model ---.. 
with unique new 

anti - b a cklas h 
wiper design. 

ACTUAL SIZE 
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To 

IUTHFULLV, we are 

space-age minded regardless 

of the nature of tubing we are 

asked to cold-draw:. TMI experi

ence, gained in the specialized 

service of America's pioneering 

metallurgists, is more than 

100% up-to-date. The reason: 

our customers are busy mak

ing tomorrow much, much 

better than today. If you're our 

kind of customer, we're pre

pared to work hand-in-glove 

with your design and produc
tion people. WIRE: PHONE. 

10 

gence. And we have no idea whether 
or not a truly intelligent society would 
retain over millions of years an interest 
in or a need for advanced technology. 
Under these circumstances it is best to 
admit frankly that we are searching for 
evidence of technology rather than of 
intelligence. And we must be aware 
that we have perhaps a greater chance 
of discovering first a technology run 
wild, insane or cancerously spreading 
than a technology firmly under control 
and supporting the rational needs of a 
superior intelligence. 

FREEMAN J. DYSON 

Institute for Advanced Study 
Princeton, N.J. 

Sirs: 
In his article on the mitochondrion 

[SCIENTIFIC AMERICAN, January] David 
E. Green makes a statement that is in
cidental to his exciting story but should 
not be allowed to pass without contra
diction. He calls mitochondria and 
chloroplasts "particles with a common 
function"; both produce high-energy 
phosphate (ATP), the first in animal tis
sues and the second in plant tissues. In 
both cases, he suggests, three ATP mol
ecules are produced for each electron 
pair transferred. 

However, the functions of the mito
chondrion and the chloroplast are op
posite rather than similar. The mito
chondrion is supplied with reagents of 
high energy-an organic substrate and 
oxygen-and given the task of subdivid
ing the free energy of their combination 
into small units suitable for a variety of 
cellular processes. The mitochondrion 
does not "produce" energy-nothing 
can! It converts, with remarkable effi
ciency, one form of chemical energy into 
another: the oxidation-reduction energy 
of the system "organic substrate plus 
oxygen" into the hydrolytic energy of 
the system "ATP plus water." 

The chloroplast, on the other hand, is 
supplied with low-energy reagents-wa
ter and carbon dioxide-and with light 
energy and given the task of reversing 
what the mitochondrion has done, re
creating the system "organic matter and 
oxygen" and converting light energy in
to chemical energy in this process. 

Although in chloroplasts the hydrogen 
atoms are moved not "downstairs" as in 
mitochondria but "upstairs," some ATP 
formation does occur in them, but it is 
only a minor aspect of the energy-stor
ing process. The ATP formed is destined 

for internal use: to make possible some 
enzymatic steps in the photosynthetic 
reaction sequence that require small 
amounts of energy. This ATP is used up 
when photosynthesis is completed; the 
net result is to convert light energy into 
oxidation-reduction energy. Mitochon
dria are energy-dispersing centers; chlo
roplasts, energy-saving "banks." With
out this activity of the chloroplasts mi
tochondria would have no high-energy 
reagents to work on! The sequence of 
transformations is: light energy ---,) (chlo
roplasts) ---,) oxidation-reduction energy 
---,) (mitochondria) ---,) ATP-energy. 

That the structure of chloroplasts is 
similar to that of mitochondria-both 
consist of thin layers of protein alternat
ing with thin layers of lipoid material
is certainly fascinating. (The existence 
of particles similar to those found by 
Humberto Fernandez-Monin in mito
chondria had not yet been proved in 
chloroplasts, but they may exist there 
too.) It should not be forgotten, how
ever, that the same structural principle 
-alternating protein and lipoid lamellae 
-is used by nature not only in chloro-
plasts and mitochondria but also in 
many other structures, such as visual 
rods, the myelin sheaths of nerves, and 
cell membranes. It may be suitable not 
only for electron-transfer reactions but 
also for a variety of other processes, 
having in common the need for an ex
tended two-dimensional structure. 

EUGENE RABINOWITCH 

University of Illinois 
Champaign, Ill. 

Sirs: 
Professor Eugene Rabinowitch is on 

unassailable grounds in contending that 
the chloroplast differs from the mito
chondrion in some fundamental re
spects. But I would like to submit that 
the similarities of the two systems are 
real and profound-so much so that the 
two systems can be looked on as deriva
tives of a common primordial system. 
In the mitochondrion the passage of 
an electron pair through a chain of 
graded oxidation-reduction components 
is coupled to the synthesis of ATP. In 
all chloroplast systems that have been 
studied by Daniel Arnon and others the 
existence of an electron-transfer chain 
has been established, and the movement 
of electrons through this chain has been 
shown to be coupled to the synthesis of 
ATP. This capacity for coupled syn
thesis of A TP is not an incidental prop-
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• -in thousands of -I . 
Pinpoint a nuclear sub 

• square miles of ocean! 

As part of A-NEW, the Navy project to boost equipment 

effectiveness against elusive nuclear subs, our Sylvania 

subsidiary is providing an electronic system called the 

Real World Problem Generator. 

ways of more effectively using and improving existing 

equipment-and to develop entirely new ASW devices. 

Working with the Navy in the total ASW area is but 

one way GT&E contributes to our nation's technical ad-

The system computer duplicates, in the laboratory, vances. The vast capabilities of GT&E, directed by Sylvania 

actual tactical situations faced by an antisubmarine war- Electronic Systems, enable us to handle every phase of 

fare aircraft. "Sensed" detection data is pre-

G 
almost any kind of electronic system, from 

sented in the same way that existing and 

~ 
initial research to on-location servicing. 

projected electronic ASW gear would sense & Sylvania Electronic Systems, Division of 

and display it. In this way the Navy is helped 
T 

Sylvania Electric Products Inc., 40 Sylvan 

to evaluate its own ASW capability-to fl·nd Road Waltham 54 Massachusetts 
GENERAL TELEPHONE & ElECTRONICS ' , . 

Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 
GT&E SUBSIDIARIES: Telephone Operating Cos . .  GT&E Laboratories ' GT&E International ' General Telephone Directory ' Automatic Electric ' Lenkurt Electric ' Sylvania Electric Products 

II 
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SILICONE 

IDEAS 

New silicone oil protects motors 

6 miles under the sea 
Think you're under pressure in your job? Believe us ... you "ain't 
seen nothin' yet!" Engineers at the U.S. Navy Electronic Labora
tory had a real pressure job, both figuratively and literally. Theirs 
was the task of developing the famous Trieste, the deep-diving 
bathyscaph capable of descending to any ocean depth. We got 
into the act when the Navy worked out a way to propel the 
submerged vessel horizontally with 3 h.p. electric motors that 
would operate outside the hull. These motors would have to 
provide their own protection against the tremendous pressures 
at the ocean floor. The answer? A motor that operates inside an 
"oil can" -a leakproof enclosure filled with (what else?) a silicone 
oil produced by G.E.'s Silicone Products Department. 

SNORKEL 

OIUIVATION 
CIONOO<A 

....... T 
....... ........ 

Arrow indicates location of electric 
motor enclosed in "oil can" on bathy
scaph Trieste. Motor propels vessel 
horizontally near oceon bottom. 

The G-E silicone oil equalizes the pressure inside the can with 
pressure outside to protect the motor and enclosure. How much 
pressure? Well, when the Trieste successfully descended to 35,800 
feet in the Challenger Deep, the external pressure reached 16,000 
psi. That's real pressure ... enough to cause many oils to solidify. 
But the silicone oil functioned perfectly. 

Of course, other fluids might have been able to withstand that 
kind of pressure, but they would have messed things up in other 
ways. For one thing, the oil in the "cans" is constantly in contact 
with the electrical insulation on the motor windings. Some oils 
would gleefully attack the insulation. The inertness of silicones 
made it a better choice. Moreover, the G-E silicone oil was not 
affected by the near-freezing temperatures present at ocean bottom. 
It's a family characteristic: silicone fluids are unique in their 
ability to operate at temperatures ranging from-100° to +600°F. 

This information will be particularly useful next time you visit the North Pole, since 
you'll want to keep your dog sled well lubricated with a G-E silicone fluid. Sorry we can't 
help much in keeping you well lubricated. 

Are you under pressure? 
Naturally. Isn't everyone? But take heart ... depressurize with G-E 
silicones. They're loaded with properties that are valuable in all 
sorts of applications. For instance, their innate water repellency 
makes silicone oils useful in hand creams, ointments, and fabric 
finishes. Their non-stickiness makes them ideal mold-release agents 
and paper-release coatings. And silicones show up in many other 
products, such as hair sprays and other aerosols, corrosion pre
ventives, and urethane foams. 

Our files are bulgillg with reams of data on silicone fluids, coatings, emulsions, etc. 
Help us take the pressure off. Tell us your application and we'll send some data your way. 
Write: Section U 4106, Silicone Products Dept., General Electric Co., Waterford, N.Y_ 

GENERAL . ELECTRIC 
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erty of some chloroplasts but is appar
ently a property of all the chloroplasts 
that have been examined so far. I am 
unaware of a single authenticated case 
of a chloroplast that does not contain an 
electron-transfer chain and that does not 
give rise to ATP by coupled electron 
flow. The components of the electron
transfer chain of the chloroplast (non
heme iron proteins such as ferredoxin, 
cytochromes and plastoquinone) contain 
virtually the identical functional groups 
as the corresponding components of the 
mitochondrial electron-transfer chain. 
Moreover, one of the fundamental re
peating units of the chloroplast (the 
quantasome) has been shown by Melvin 
Calvin and his colleagues to resemble 
the mitochondrial counterpart (the ele
mentary particle) in molecular size and 
shape and in lipid composition. These 
are the similarities that justify consider
ing the chloroplast and mitochondrion as 
functional first cousins. As I see it, the 
difference between the two systems re
lates to the mode by which electrons 
enter or leave the electron-transfer 
chain. In the mitochondrion elech'ons 
are supplied via an oxidative pathway 
and are eventually transferred through 
the chain to molecular oxygen. In the 
chloroplast electrons are ultimately sup
plied via a photochemical process in
volving chlorophyll, and the electrons 
that move through the electron-transfer 
chain are transferred not to molecular 
oxygen but to a cytochrome component 
that becomes regenerated by photo
chemical means. Various sites are known 
at which photochemical processes inter
vene, but these processes are superim
posed on what is basically the principle 
of the mitochondrial electron-h'ansfer 
chain. The one property that clearly 
distinguishes the chloroplast from the 
mitochondrion is the capacity for cata
lyzing the photochemical reduction of 
triphosphopyridine nucleotide (TPN). 
However, there is an analogous process 
mediated by all mitochondria tested: 
the ATP-catalyzed reduction of diphos
phopyridine nucleotide (DPN) or TPN 
by succinate. Britton Chance and Lars 
Ernster have fully documented this 
coupled reductive step that involves the 
reversal of the electron-transfer process. 
In sum, the similarities between mito
chondria and chloroplasts more than 
outweigh the differences. 

DA VID E. GREEN 

Institute for Enzyme Research 
University of Wisconsin 
Madison, Wis. 
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©AMPEX CORP. 1964 

Save it for parades. Now Ampex magnetic tape is faster, more accurate and costs less. 

And it's' more efficient. One small Ampex CDR-l 
tape cartridge stores as much data as 7000 feet 
of paper. And can be erased and used again. 
Paper tape systems are slow. The CDR-I-an 
incremental digital recorder-records 2400 bits 
of information per second. Plays back up to 3840 
bits per second. Paper tape systems need opera
tors. The CDR-I is automatic. Paper tape systems 
make mistakes. With the CDR-I mistakes are 
less than I in 10,000,000. And mistakes are 
spotted-the CDR-I automatically verifies every 

bit of data it records. I n short: Ampex has made 
all the benefits of magnetic tape available to 
manufacturers of systems incorporating other 
input/output devices. The CDR-I is comparably 
priced, incomparably better. And available now 
for evaluation by manufacturers of systems 
designed for communications, factory data 
acquisition, data logging, machine tool control, 
computer input/output devices, and many other 
applications. For full details on the CDR-I, write 
Ampex Corporation, Redwood City, California. 
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Each of these jobs is done better with diamonds 

THREE SINGLE-POINT natural-diamond tools 
turn final finish on mineral-filled plastic resist

ance elements for precision potentiometers at 
Markite Corp., Ramsey, N. J., plant. The tools 
make a transverse cut, a surface cut and an 
assembly groove sequentia lIy. Carbide tools 
failed to maintain required specifications. 

A Sfa-INCH RESINOID WHEEL with 120-mesh 
natural-diamond grit finishes inside diameter 
in a carbide sleeve at AA Jig Grinding Inc., 
Detroit. Special jigs, tools or gages are gen
erally made to tolerances of ±.OOOI inch. In 
order to meet specifications, this assembly 

wi II have to be checked at 68° F. 

The grinding, cutting and finishing jobs shown 

on these pages are being performed on carbide, 

abrasive plastic and reinforced epoxy. But they all 

share one detail: in every case natural diamonds 

are doing the job quickly-and economically. 

When you use diamonds, you get the unique 

combination of excellent cutting ability linked with 

fantastic endurance. Result: diamond tools last 

longer than any others. Your people spend more 

time producing, less time changing tools. 

If you cut, sharpen, grind or smooth anything 
in your business, you can probably use natural dia-

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

14 
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A RECIPROCATING DIAMOND FILE is used at 
Textile Machine Works, Reading, Pa., for rough
ing, finishing and polishing carbide tools and 

dies. Flat, triangular, and oval files are used. 
Rotating head can also be used with diamond 
quills, which can be operated at 45,000 rpm for 
grinding internal surfaces of dies. 

monds to advantage. Test them against the method 

you're now using. You'll discover 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 

diamonds is producing the strongest and most du

rable 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. 

HIGH-SPEED MOTOR turns diamond-coated 
router blade at 17,000 rpm as it cuts around 
the access door in a reinforced epoxy plastic 
panel. Distance of 69 lineal inches for each 
panel is cut in about 30 minutes. Even for this 

low-production job, diamonds have proved the 
most economical material. 

(y INDUSTRIAL DISTRIBUTORS (SALES), LTD., JOHANNESBURG· LONDON World's leading supplier of 
diamonds for industry 

15 
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50 AND 100 
YEARS AGO 

APRIL, 1914: "Col. Goethals has an
nounced that unless unforeseen devel
opments occur at the Cucuracha slide, 
and this is not likely, the Panama Ca
nal will be opened to commercial ves
sels about July 1st of this year. The 
dredges are working on the channel 
which has been cut through the slide, 
and the present effort is to make the 
channel so broad that these dredges 
will not interfere with the passing of 
ships." 

"The vicissitudes attending the task 
of building a 100-inch reHector-by far 
the largest telescope in the world-for 
the Mount Wilson Observatory have 
been watched with interest and anxiety 
by astronomers for nearly eight years. 
At last the successful grinding of the 
great mirror is so far assured that active 
work has been begun on the construc
tion of the mounting and dome. Foun
dations have been laid for the observa
tory building and the telescope pier is 
about finished." 

"In a recent lecture Kamerlingh On
nes, who has been awarded the Nobel 
prize for physics, remarked that we can 
now obtain experimentally a tempera
ture which is only removed from the 
absolute zero of temperature by one 
degree. The temperature thus obtained 
is lower by two or three degrees than 
the temperature of sidereal space, which 
according to the calculations of the 
astrophysicists is about four degrees 
above absolute zero." 

"The two stars Mizar and AI cor form 
a double star system which can easily be 
perceived by the naked eye. This was 
not the case formerly, as the Arabs used 
the resolution of the system into its 
two components as a test for good eyes. 
It would seem, therefore, that this 
system has increased in brightness since 
the 10th century, a supposition which 
is supported by the fact that it is not 
mentioned by the ancients. The history 
of this system was familiar to astron
omers when it was found in 1907 that 
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Alcor is itself a double star. It is now 
discovered by Mr. Harlow Shapley that 
Alcor varies in brightness, the varia
tions having a feeble amplitude and a 
short period. The spectrum type of 
Akor, which is an A5 star, that is to say 
a white star with hydrogen predominat
ing, and the doubling of the lines an
nounces a variation of the Algol type, 
i.e., by eclipse rather than continuous 
variation. It is supposed that there 
exists a couple of elliptic stars very 
close together and inclined on their 
orbit in such a way that the mutual 
eclipse is feeble or almost nothing, the 
variations of brightness resulting from 
their marked ellipticity." 

"An Italian engineer, Signor Marzi, 
has invented a new microphone for use 
in wireless telephony, so that from the 
Eiffel Tower in Paris it is now possible 
to hear concerts taking place in Brus
sels, a distance of about 225 miles. The 
singing could be distinctly heard, al
though it was not possible to make out 
the words of the songs." 

APRIL, 1864: "A 30-pound Parrott 
gun in Fort Putnam, Morris Island (off 
Charleston, S.C.), was recently tested 
by firing until it burst. The weapon 
threw 4,615 shells into Charleston, five 
miles distance, at regular intervals of 
five minutes before it burst. Such en
durance is unprecedented." 

"A recent reference in the London 
Times to a statement that 'three cen
turies ago Blasco de Garay attempted 
to propel a boat by steam in the har
bor of Barcelona' called forth a counter
statement from a correspondent who has 
had access to the original letter from 
Blasco himself written in A.D. 1543, 
\vhich contains the evidence often cited 
by the Spaniards for this assertion. 
This letter describes minutely a ves
sel propelled by paddles worked by 
200 men, but there is not a word about 
steam in the whole document. The first 
well-authenticated instance of a steam
boat actually used is found in the manu
script correspondence between Leibnitz 
and Papin in the Royal Library at Han
over, where Papin relates his experi
ments with a model steamboat on the 
river Fulda in the year 1707." 

"M. Blondeau has examined the 
changes produced in Roquefort cheese 

when it is stored away in cellars to 
acquire the Havor which recommends it 
to the taste of some people. He found 
fresh cheese contained: casein, 85.43 
per cent; fatty matter, 1.85 per cent; 
lactic acid, .88 per cent; water, 11.84 
per cent. After being two months in a 
cellar similar cheese contained: casein, 
42.28 per cent; margarine, 18.30 per 
cent; olein, 14 per cent; butyric acid, 
1.67 per cent; salt, 4.45 per cent; water, 
19.30 per cent. The remarkable change 
of casein into margarine and olein, the 
author believes, is due to a mycoderm 
of the genus Penicillium." 

"The all-absorbing topic at present 
is the great New York Sanitary Fair and 
its prospects. War for a time is placed 
in the back ground and, as if it never 
existed in the land, the merry-makers 
and staid busy people of the metropolis 
strive, each in his own way, to make this 
Fair the crowning triumph of the others 
which have preceded it in different 
parts of the country. It is well known 
to most of our readers that an immense 
building has been erected in this city, 
upon 14th street and Sixth avenue, to 
accommodate the contributions which 
have been so lavishly handed in for the 
benefit of the Sanitary Commission, and 
also another one, subordinate but nearly 
as large, upon Union Square and 17th 
street. In these two buildings are stored 
vast quantities of the most costly goods, 
all of which were given freely to be sold 
for the benefit of our sick and wounded 
soldiers. The enterprise was formally 
opened on Monday the 4th instant; all 
New York enjoyed a holiday and in the 
evening the ceremonies took place." 

"The French submarine-boat Plon

geur, it is stated, does not draw more 
than eight feet of water, her engine is 
of 80 horse-power, steam is replaced by 
compressed air, and her crew of 12 men 
are completely protected from all dan
ger. The Plongeur is intended to be a 
formidable engine of destruction. Her 
spur is formed li)<e a tube and an in
cendiary shell may be placed in it. 
Should an enemy's Heet be at anchor 
the Plongeur will drive her spur into 
the nearest ship and then retreat, un
rolling at the same time a metallic 
wire. When at a safe distance, an elec
tric spark will cause a great explosion, 
the enemy's ship being blown up." 

"Mr. Bessemer, the inventor of the 
process of converting iron quickly into 
steel, now says he can produce a block 
of it, 20 tuns in weight, from Hint cast 
iron in 20 minutes!" 
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NEW DEEP·SEA AMPLIFIER TRANSMITS 128 TELEPHONE CONVERSATIONS 
Our engineers have developed a new amplifier 

which simultaneou�,
ly tr�psmits 128 telephone 

conversations in both directions over a single 

cable. It is designed to operate without repair 

or maintenance on the oceal'!. floor for 20 years; 

The new amplifier (ill ustrati�11 below) is an 

impot1al'!t, advance deep-sea communica-

tions technology. 

To make a single amplJfier operate in two 

directions, it was necessary to provide a pre

cise, complex filter system to separate the 

signals. Signals traveling in one direction oc

cupy a frequency band from 116 to 512 kc., 

and those traveling in the other direction, 
from 652 to 1052 kc. 

The gain of each amplifier must accurately 
compensClJe for its share of cable loss. The 
total loss liaries,over the frequency band and, 
in a transatl;j'ntic system, reaches a maximum 
of 9000 decibels. Since there is no way to ad

just an amplifier on the ocean floor, the per-

formance of each one must be pre-established 

with extreme precision. 

A 3600-mile cable link, with its 180 ampli

fiers, includes 36,000 electronic components. 

Each component has to be endowed with a 
reliability far in excess of the requirements of 

conventional land systems. 

The casing and its seal to the cable must 

prevent minute water seepage at ocean bottom 
pressures. "This could accumulate fatally over 
the years, and so produrrtion tests employing 

radioactive isotopes are used to search for any 

such microscopic leakage. 

In bringing the new underseas system to 

production we worked closely with Western 

Electric, the manufacturing unit of the Bell 

System. O,ur joint objec\ive ,was to create a 

system of high reliability that could be manu

factured economically. The new amplifiers are 
being used first in the new deep-sea telephone , 

link from Florida to Jamaica and ,Panama. 

BELL TELEPHONE LABORATORIES 
World cenfJ;lr of communications research apd development 

View of deep-sea amplifier with casing cut away. The casing is of noncorrosive beryllium copper, tested to withstand pressures up to 11,000 psi. 
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Hughes is: Surveyor, sta r tracker, 

ion space engines, microelectronics, 

missile systems, and more ... 
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Enterprise 'eyes� Syncom satellites, 

command and control, laser-rangers, 

Hughes is a company of nearly 30,000 - including 
over 7,000 engineers and scientists - applying their 
skill and imagination in space, in national defense, and 
for commercial purposes. 

The examples: Surveyor - Will soft land a scientific 
package on the Moon. Will gather and relay informa
tion about the Moon to earth, paving the way for our 
astronauts. Star Tracker guidance device for the Sur
veyor. One of Hughes' many infrared advances. Enter
prise 'eyes' - Large, flat radars that show aircraft in 
3-D. Syncom - the first communications satellite 
"parked" over the earth. The first to operate 'round the 
clock to break all records. Ion engines promise to be 

the most efficient way to propel space ships to distant 
planets. Microelectronics - saving power, space and 
weight by making the electron work in new ways. 
Command and Control Systems - using computers to 
give battle commanders up to the second information 
for decision-making. Laser-rangers - applying the laser 
in measuring distances. Missile systems -In service: 
thousands of Falcon missiles. Soon, Phoenix missiles 
and guidance electronics for 
the Navy's new F-lll B jets. 
And more! There are more 
than 553 projects, products 
and services at Hughes. 

Creating a new world with electronics 
,------------------, 
I I 

HUGHES I 
I 

I I 
L __________________ � 
HUGHES AIRCRAFT COMPANY 

Engineers and scientists with related interests are invited to inquire. Hughes is an equal opportunity employer. Please address: 
Mr. S. L. GIllespIe, Mgr., Employment and Manpower, Hughes Aircraft Company, Culver City 67, California. 

© 1964 SCIENTIFIC AMERICAN, INC



SQUARE LOOP FER RITES NOW IN 
ODDBALL SHAPES 

Ceramic ferrites are versatile magnetic oxides usually 

made by the press forming of powdered ingredients. 

Here at the Laboratories, a recent spill�over from 

our fundamental research in ferrites has resulted in a 

new fabrication technique. It makes ferrites of 

virtually any type or shape practicable: permanent 

magnetic ferrites, high frequency core materials, 

computer elements with square hysteresis loops. 

The new "cookie cutter" process begins with ferrite 

powder mixed with a plastic binder on a rubber mill. 

This forms a flexible sheet of almost any thickness 

down to 0.005 inch. From it, ferrites of any desired 

shape can be cut or molded -easily and economically

before the special presintering and sintering 

treatments. The fired ferrites shrink evenly and are 

exceptionally uniform in material density and 

magnetic characteristics. 

Our electronics engineers have found the new 

fabrication technique particularly valuable for making 

multiaperture devices-wafer�thin square loop 

ferrites used in computer memory cores and switching 

circuits. Practical development of these and other 

applications is continuing as a team effort of the 

Laboratories and GM divisions. 

Involving a blend of scientific understanding and 

engineering know�how, this new process is another 

example of the advances in technology being made 

by GM's research in depth. 

General Motors Research Laboratories 
Warren, Michigan 

I 
I 

H 

� 

Hysteresis loop from ferrite memory 
core prepared by new GMR process. 
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Unique 3M Invention produces complete 
microfilm record in just 54 seconds! 

Place the original here. Push a button. 

Complete in 54 seconds. Ready to file-easy to find. 

New "Filmsort lOOOd" Processor-Camera makes microfilm record-keeping 
practical for just about any organization. One compact desk-top unit photo
graphs any document up to 18/1x 24/1 and delivers a microfilm record mounted 
on an Aperture Card in 54 seconds. Find out now how 3M "Filmsort lOOOd" 
can cut filing and retrieval time in half-reduce filing space 96%. 

the booklet, "How Business Is Winning The Paperwork Icro I m ro UC S IVlslon 
For a free sample Microfilm Aperture Card and :3 m m - f-J P d t D - - -

Battfe," write 3M Company. No obligation! :mm: miNNESOTA miNING Eo mANUFACTURING CO. 
St. Paul, Minn. 55119 
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Here is ... 

the simple solution 

sponsored, developed and tested by 

NASA, the Air Force and Allis-Chalmers 

Today space planners know the U. S. has a simple, 

working fuel cell. Perhaps you have seen it in operation. 

A 50 pound, 1000 watt fuel cell has been transported 

across the country several times for a series of public 

demonstrations. 

Allis-Chalmers research for NASA's Marshall Space 

Flight Center and the Air Force has produced a funda

mental breakthrough in the art of fuel cell moisture 

control and removal in the vapor phase by a static 

method. A bonus is the great simplification for thermal 

control at low temperature. 

The result is a hydrogen-oxygen fuel cell system that 

is much lighter than any other known system. Pictured 

on the right is the 1-kw unit weighing just 50 pounds 

and measuring 20" x 10" in diameter. And, as the 

repeated demonstrations have proved, it is operational 

right now! 

A further indication of confidence is the fact that the 

Air Force Aeronautical Systems Division has selected 

Allis-Chalmers to build a 50 watt hydrogen-oxygen sys

tem for the first orbital fuel cell flight. This system has 

successfully passed shock, vibration, acceleration, zero 

gravity and full power testing. 

What are the other significant facts about Allis-Chal

mers fuel cell capability? 

1. We are studying mobile energy depot systems for the 

AEC and the Army. Significance: These systems would 

use nuclear reactors to generate fuel. Fuel cells would 

power the vehicles, alleviating logistical problems of 

supplying fuel to a modern army on the move. 

2. Under development now - a fuel cell and the in

tegration of a 5-kw hydrocarbon-reforming fuel cell 

system for the Army's Engineer Research and Develop

ment Laboratories. Significance: This system will 

"crack" inexpensive hydrocarbon fuels to obtain hydro

gen for the first major air-breathing fuel cell. 

3. Our 7-kw hydrazine-oxygen fuel cell powers an ex

perimental, 2000 lb fork lift truck. Our 3-kw hydrazine

oxygen fuel cell powers an experimental golf cart. Signif

icance: Multiple kw fuel cell systems have been applied 

to vehicles like the experimental golf cart that have been 

demonstrated to thousands of people from coast to coast. 

4. We've announced discovery of nickel boride as the 

material to replace platinum for the anode catalyst. 

Significance: This is the first inexpensive and efficient 

anode catalyst for fuel cells using hydrogen-oxygen or 

hydrazine-oxy gen. 

Now, may we discuss your aerospace or defense fuel 

cell application? 

Telephone Area Code 414, SP 4-3600, Ext. 874 

ALLIS-CHALMERS, Box 512, Milwaukee, Wis. 53201. 

* * * 

FUEl·CELl design for space application is but one of the opportunities 

open today for qualified scientists and engineers at Allis·Chalmers. 

for information concerning employment write to: Director of Research, 

Allis·Chalmers, Milwaukee, Wisconsin 53201. A.1840 

ALLIS-CHALMERS 
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for space power 
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New concept in fragrance: 

controlled 
release! 

You've heard of tablets that release med· 

ication over an extended period of time? 

Now they're doing the same thing with 

cologne! A Carbopol polymer added to the 

fragrance controls fractionization of its 

components and thereby lengthens its 

life. It also happens in antiseptic lotions, 

where Carbopol water·soluble resins slow 

down evaporation. Will permanent sus· 

pending or gelling improve a product you 

make? Do you want sparkling clarity? Free· 

dom from caking or settling? Find out 

about Carbopol resins. Write for free 60· 

page illustrated book: B.F.Goodrich Chem· 

ica l  Co., Dept. E A . 4, . 
3 135 Euclid Ave., Cleve· ,:lxrti1iTiM!f 
land, O hio 44115. In 

Canada: Kitchener, Ont. CamoPQI 
Water-Soluble Resins 

B.F.Goodrich Chemical 
II d,VISIon Of The 6.F.Good"ch Company 
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THE AUTHORS 
FRANK BARRON, MURRAY E. 

JARVIK and STERLING BUNNELL, 
JR. ("The Hallucinogenic Drugs"), do 
research on this subject in New York 
and California. Barron is a research psy· 
chologist at the University of California's 
Institute of Personality Assessment and 
Research in Berkeley. A graduate of La 
Salle College in Philadelphia, he re
ceived an M.A. from the University of 
Minnesota in 1948 and a Ph.D. from 
the University of California at Berkeley 
in 1950. He has taught at Bryn Mawr 
College, Harvard University, Wesleyan 
University and the University of Cali
fornia. J arvik is associate professor of 
pharmacology at the Albert Einstein 
College of Medicine and attending phy
sician at Bellevue Hospital in New 
York. He was graduated from the City 
College of the City of New York in 1944 

and subsequently acquired an M.A. in 
psychology from the University of Cali
fornia at Los Angeles in 1945, an M.D. 
from the University of California School 
of Medicine in 1951 and a Ph.D. in 
psychology from the University of Cali
fornia at Berkeley in 1952. He has taught 
and done research in the fields of phar
macology, psychology and neurophysi. 
ology at various institutions. Bunnell is 
a resident in psychiatry at the Mount 
Zion Medical Center in San Francisco. 
He received an M.D. from the Uni
versity of California School of Medicine 
in 1958 and is currently working on a 
Ph.D. in neurophysiology at the Uni
versity of California at Berkeley. 

J. A. GIORDMAINE ("The Interac
tion of Light with Light") is a member 
of the staff of the Solid State Electronics 
Research Laboratory of the Bell Tele
phone Laboratories. He was born in 
Toronto in 1933 and received a B.A. in 
physics and chemistry from the Univer· 
sity of Toronto in 1955. He did graduate 
work in physics at Columbia University 
under the direction of Charles H. 
Townes, obtaining a Ph.D. in 1960. He 
taught physics at Columbia from 1959 to 
1961, when he took up his present post. 

WOLFGANG BEERMANN and UL
RICH CLEVER ("Chromosome Puffs") 
work at the Max Planck Institute for 
Biology in Tiibingen. They are also 
members of the faculty of the University 
of Tiibingen. Beermann is a director of 
the Max Planck Institute in Tiibingen 
and professor of zoology at the univer-

sity. A native of Hanover, he received his 
doctorate from the University of Got
tingen in 1952. He did research at the 
Max Planck Institute for Marine Biology 
in Wilhelmshaven from 1952 to 1954, 

when he was appointed assistant pro
fessor at the Zoological Institute of the 
University of Marburg. He took up his 
present post in 1958. Clever is a research 
associate at the Max Planck Institute in 
Tiibingen and lecturer in zoology and 
genetics at the university. He received 
his doctorate from Gottingen in 1957 

and did research for a year at the Fed
eral Research Institute for Viticulture 
before going to Tiibingen in 1958. 

E. N. PARKER ("The Solar Wind") 
is professor of physics at the University 
of Chicago; he is also a member of the 
staff of the university's Enrico Fermi 
Institute for Nuclear Studies. A graduate 
of Michigan State University, Parker re
ceived a Ph.D. in theoretical physics 
from the California Institute of Tech
nology in 1951. He taught mathematics 
and astronomy at the University of Utah 
from 1951 to 1955, when he joined the 
staff of the Fermi Institute. 

STEPHEN BRUNAUER and L. E. 

COPELAND ("The Chemistry of Con
crete") are respectively manager and 
principal research chemist in the Basic 
Research Section of the Research and 
Development Division of the Portland 
Cement Association. Brunauer was born 
in Budapest in 1903 and was graduated 
from Columbia College in 1925. He re
ceived an M.S. in chemistry from George 
Washington University in 1929 and a 
Ph.D. from Johns Hopkins University 
in 1933. From 1928 to 1942 he did re
search on fertilizers, catalysts and ad
sorbents for the U.S. Department of 
Agriculture. During World War II he 
served as a commander in the U.S. Naval 
Reserve and following the war he stayed 
with the Department of the Navy, first 
as chief technical administrator of High 
Explosives Research and Development 
and later as chief chemist of the Bureau 
of Ordnance. He joined the staff of the 
Portland Cement Association in 1951. 

For his contributions to colloid and sur
face chemistry Brunauer received the 
Hillebrand Award of the Chemical So
ciety of Washington in 1945 and the 
Kendall Award of the American Chemi
cal Society in 1961. Copeland was born 
in Meridian, Miss., in 1909 and was 
graduated from John Fletcher College 
in 1930. After nine years of industrial 
work he entered the graduate school of 
the University of Chicago, where he re
ceived a Ph.D. in 1941. He did research 
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INNOVATION! 

A NEW TECHNIQUE FOR PROTECTING SPACE METALS 
(IT'S BASED ON THE PRINCIPLE OF AN APPLE PEEL) 

If this picture were a movie taken in 

slow motion, you could watch the apple 

turn brown where the skin has been 

peeled off. Oxidation is the culprit. It 

also causes other, more serious prob

lems in hardware that becomes ex

tremely hot - parts of space vehicles, 

rocket nozzles, turbine and jet engines, 

for example. Even metals designed for 

high temperatures can flake and peel 

off from oxidation. 

GT&E scientists developed a remark
able new coati ng that beats the heat 
and oxidation. Very simply, it's a mix

ture of aluminum and tin. When applied 

to surfaces that become hot, this coat
ing acts as a protective skin similar to 
the apple peel. 

Working on this coating, GT&E scien
tists had the advantage of wide experi
ence with high-temperature (refractory) 
metals-we make and use them in proj-

ects as diverse as lighting products and 

space systems. 

GT &E's progress in meta II urgy spri ngs 

from a broad research program - nur

tured by a climate of innovation that 

also extends to our other fields: com

mun ications,e lectronics, I ighti ng,chem

istry and atomic energy. Research: our 

solid base for future growth. General 

Telephone & Electronics Laboratories, 

Inc., 730 Third Ave., N. Y., N. Y. 10017. 

FROM THE LABORATORIES OF G�E 
GENERAL TELEPHONE & ELECTRONICS Gffi' 

GT&E SUBSIDIARIES: Telephone Operating Co's· GT&E laboratories · GT&E International· General Telephone Directory. Automatic Electric . len kurt Electric . Sylvania Electric Products 
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Thjs little device helps direct elec

tronic traffic in computers, missile 

controls and mobile communica

tions equipment. It's a very special 

kind of illgh-performance capacitor 

developed by Mallory, making in

genious use of exotic tantalum. In 

withstanding searing temperatures, 

in serving well above and beyond 

Surprise package 
the call of duty, it's a package of 

happy surprises for electronic engi

neers who before now were limited 

by the old standards of capaci

tor reliability. 

Mallory's work in electronics and 

metallurgy constantly turns up happy 

surprises for designers who are seek

ing new flexibility in creating new 

products . . . for production men 

who are looking for extra value and 

reliability at sensible prices. Mallory's 

continuing research in electronics 

and powder metallurgy can help put 

better performance in your prod

ucts for industry, for defense and 

for the consumer. P. R. Mallory & 

Co. Inc., Indianapolis 6, Indiana. 

electrical and electronic components. battery systems. sequence timers. special metals 
MiUoiY 
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on emulsion polymerization and the 
thermodynamics of elastomers for the 
U.S. Rubber Company from 1942 to 
1947, when he joined the staff of the 
Portland Cement Association. 

JAMES MELLAART ("A Neolithic 
City in Turkey") is an archaeologist who 
has lived and worked in Turkey for more 
than a decade; he is presently lecturer 
in prehistoric archaeology at the Univer
sity of Istanbul. Mellaart was born in 
London in 1925 and educated in the 
Netherlands, where his family moved 
when he was four years old. He studied 
Egyptology for a year at the University 
of Leiden, returned to England in 1947 

and acquired a B.A. in ancient history 
and Egyptology from the University of 
London in 1951. From 1951 to 196 1 he 
was associated with the British Institute 
of Archaeology in Ankara, first as a 
fellow and later as assistant director. 

ERLING DORF ("The Petrified For
ests of Yellowstone Park") is professor 
of geology and curator of paleobotany at 
Princeton University. He also teaches 
at the Wagner Free Institute of Science 
in Philadelphia and at Villanova Uni
versity. Dorf was born in Nysted, Neb., 
in 1905 and received a B.S. and a Ph.D. 
from the University of Chicago in 1925 

and 1930 respectively. Since joining the 
Princeton faculty in 1926 he has led 
geological expeditions to Venezuela, 
Mexico, Canada and India as well as to 
various sites in the U.S. He has spent 
the past 10 summers studying the fossil 
flora in the Yellowstone Park region. 
These expeditions have been supported 
in part by grants from the National 
Science Foundation and Princeton Uni
versity, with the co-operation of the 
National Park Service, for which DorE 
has served as scientific collaborator. 

ADRIAN M. WENNER ("Sound 
Communication in Honeybees") is as
sistant professor of biology at the Uni
versity of California at Santa Barbara. 
A native of Minnesota, Wenner received 
a B.S. in mathematics from Gustavus 
Adolphus College in 1951. He also ac
quired an M.S. in biology from Chico 
State College in California in 1955 and 
a Ph.D. in zoology from the University 
of Michigan in 1961. He joined the Santa 
Barbara faculty in 1960. 

EDWIN G. BORING, who in this is
sue reviews The Vital Balance: The Life 
Process in Mental Health and Illness, by 
Karl Menninger, with Martin Mayman 
and Paul Pruyser, is professor emeritus 
of psychology at Harvard University. 

to think free 
to devise ... to create the new ... 

to help mold the future.We are a growing 
young company. We believe in giving freedom 

to new ideas for new products. And improve the char
acteristics of the established. Semiconductors, high power 

silicon transistors, new electronic devices. We are expert 

in these. We ever search to raise the capability of the products 
we make. They are for the military, space exploration, and industry. 

SmL�@@� TOO&����lf@OO C@OO[¥)@OO&lf�@� � 
Carle Place, Long Island, New York. 516 Pioneer 2·4100 

Write to Department S for copy of 1963 Annual Report 

Specially developed to perform numerous tasks and ex
periments in both the physical and life sciences, this new 
highly accurate system was designed by the Heath Com
pany in conjunction with Dr. H. V. Malmstadt of the 
University of Illinois and Dr. C. G. Enke of Princeton 
University. You' II find it the "long awaited" answer to 
securing a firm foundation in the principles, design and 
use of electronic instrumentation as well as a versatile 
lab station for daily use. 

Included in this multi-purpose system are factory as
sembled and calibrated test equipment, special-design 
instruments, special experimental chassis and parts which 
feature "solderless" spring clip connectors, and the ac
claimed Malmstadt-Enke text, "Electronics for Scientists". 

All components may be purchased either as a complete 
lab station (at a special savings) or individually. Educa
tional institutions qualify for an additional discount on 
the entire group as well as individual units. For a free 
8-page brochure describing this system in detail, simply 
mail the coupon below. 

Servo � Pen Recorder 

True potentiometric t!! 
i n p u t: 5 adju s t a b l e  ... 
ranges; plug.in cannec- ' ' , ' 

�O:�lj ��� j;�:;
Ci��n

S��ft� ��, " " 
10" chart; 1 second res
ponse . . . .  " ,  _ . _  . .  $195.00 

Operational 
Amplifier System 

Performs many func
tions in measurement, 
computation and con
trol work as described 
in brochure . . . . .  $135.00 �:�v��S;��S����d � 

Ideal for circuit design II 
or t e a c h i n g  p o w e r  

. supply design; provides 
many different types of 
power circuits . . .  $75.oo 

• Vott.g. 
Reference Source 

Use for c a l i bration, 
potentiometric meas
urements, or calibrated 
bucking voltages $65.00 

r------------------ I ------, 
I HEATH COMPANY, 36-4-1 I 
I Benton Harbor 36, Michigan 49023 I 
I D Please send free brochure on the Malmstadt-Enke I Instrumentation lab. I D Please send free copy of the new 100-page 1964 Heathkit Catalog. I 
I I 
I Name I 
I Address I 
I City Zone __ State I 
L ___________________________________ � 

27 

© 1964 SCIENTIFIC AMERICAN, INC



When you think EDP, now think NCR. They did. 
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NCR may not be the first name that 
comes to mind as a maker of elec
tronic data processing systems. Yet 
why have the U.S. government and 
so many leading companies through
out America invested in NCR sys
tems? Like the U.S. Air Force who 
uses 174 NCR 390's. Like Lockheed. 
Like Kaiser Jeep. Or R. H. Macy's. 

The answer, we feel, lies in NCR's 
unique position as a long·time man
ufacturer of the input side of EDP. 
We've been making cash registers 
and other business equipment for 

BE SURE TO VISIT THE NCR PAVILION AT THE N. Y. WORLD'S FAIR 
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80 years. We have a practical, busi
nessman's point of view and an 
outstanding ability to create a total 
system. We have 7500 highly trained 
servicemen in the field. We've been 
able to put NCR EDP installations 
into effect with a speed that others 
would find hard to equal. For 
detailed information on how NCR 
equipment can be applied to your 
firm's operations, call your local 
NCR representative or write today 
to: The National Cash Register Com
pany, Dayton 9, Ohio. 

THE NATIONAL CASH REGISTER COMPANY ® 
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The Hallucinogenic Drugs 

These powerful alkaloids, tools for investigating mental illness 

and perhaps for treating it, have become the subject of a debate: 

Do their constructive potentials outweigh their adlnitted hazards? 

by Frank Barron, Murray E. Jarvik and Sterling Bunnell, Jr. 

H
uman beings have two powerful 

needs that are at odds with 
each other: to keep things the 

same, and to have something new hap
pen. We like to feel secure, yet at times 
we like to be surprised. Too much pre
dictability leads to monotony, but too 
little may lead to anxiety. To establish 
a balance between continuity and 
change is a task facing all organisms, 
individual and social, human and non
human. 

Keeping things predictable is general
ly considered one of the functions of 
the ego. When a person perceives ac
curately, thinks clearly, plans wisely 
and acts appropriately-and represses 
maladaptive thoughts and emotions
we say that his ego is strong. But the 
strong ego is also inventive, open to 
many perceptions that at first may be 
disorganizing. Research on the person
ality traits of highly creative individuals 
has shown that they are particularly 
alert to the challenge of the contradic
tory and the unpredictable, and that 
they may even court the irrational 
in their own make-up as a source of 
new and unexpected insight. Indeed, 
through all recorded history and every
where in the world men have gone to 
considerable lengths to seek unpredicta
bility by disrupting the functioning of 
the ego. A change of scene, a change of 
heart, a change of mind: these are the 
popular prescriptions for getting out of 
a rut. 

Among the common ways of chang-

ing "mind" must be reckoned the use of 
intoxicating substances. Alcohol has 
quite won the day for this purpose in 
the U.S. and much of the rest of the 
world. Consumed at a moderate rate 
and in sensible quantities, it can serve 
simultaneously as a euphoriant and 
tranquilizing agent before it finally dulls 
the faculties and puts one to sleep. In 
properly disposed individuals it may 
dissolve sexual inhibitions, relieve fear 
and anxiety, or stimulate meditation on 
the meaning of life. In spite of its costli
ness to individual and social health 
when it is used immoderately, alcohol 
retains its rank as first among the sub
stances used by mankind to change 
mental experience. Its closest rivals in 
popularity are opium and its derivatives 
and various preparations of cannabis, 
such as hashish and marijuana. 

This article deals with another group 
of such consciousness-altering sub

stances: the "hallucinogens." The most 
important of these are mescaline, which 
comes from the peyote cactus Lopho
phom williamsii; psilocybin and psilo
cin, from such mushrooms as Psilocybe 
mexicana and Strop haria cubensis; and 
d-Iysergic acid diethylamide (LSD) ,  
which i s  derived from ergot (Claviceps 
purpurea), a fungus that grows on rye 
and wheat. All are alkaloids more or 
less related to one another in chemical 
structure. 

Various names have been applied to 
this class of substances. They produce 

distinctive changes in perception that 
are sometimes referred to as hallucina
tions, although usually the person under 
the influence of the drug can distin
guish his visions from reality, and even 
when they seem quite compelling he is 
able to attribute them to the action of 
the drug. If, therefore, the term "hallu
cination" is reserved for perceptions 
that the perceiver himself firmly be
lieves indicate the existence of a corre
sponding object or event, but for which 
other observers can find HO objective 
basis, then the "hallucinogens" only 
rarely produce hallucinations. There are 
several other names for this class of 
drugs. They have been called "psychot
omimetic" because in some cases the 
effects seem to mimic psychosis [see 
"Experimental Psychoses," by six staff 
members of the Boston Psychopathic 
Hospital; SCIENTIFIC AMERICAN, June, 
1955]. Some observers prefer to use the 
term "psychedelic" to suggest that un
suspected capacities of the imagination 
are sometimes revealed in the percep
tual changes. 

The hallucinogens are currently a 
subject of intense debate and concern 
in medical and psychological circles. At 
issue is the degree of danger they pre
sent to the psychological health of the 
person who uses them. This has become 
an important question because of a 
rapidly increasing interest in the drugs 
among laymen. The recent controversy 
at Harvard University, stemming at 
first from methodological disagreements 
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NATURAL SOURCES of the main hallucinogens are depicted. Psilocyhin comes from the 

mushrooms Stropharia cubensis (top left) and Psilocybe mexicanll (top right). LSD is syn· 

thesized from an alkaloid in ergot (Clllviceps purpurea), a fungus that grows on cereal 

grains; an ergot.infested rye seed head is shown (center) together with a larger·scale draw· 

ing of the ergot fungus. Mescaline is from the peyote cactus Lophophora williamsii (bottom). 
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among investigators but subsequently 
involving the issue of protection of the 
mental health of the student body, indi
cated the scope of popular interest in tak
ing the drugs and the consequent public 
concern over their possible misuse. 

There are, on the other hand, con
structive uses of the drugs. In spite of 
obvious differences between the "model 
psychoses" produced by these drugs 
and naturally occurring psychoses, 
there are enough similarities to warrant 
intensive investigation along these lines. 
The drugs also provide the only link, 
however tenuous, between human psy
choses and aberrant behavior in ani
mals, in which physiological mecha
nisms can be studied more readily than 
in man. Beyond this many therapists 
feel that there is a specialized role for 
the hallucinogens in the h'eatment of 
psychoneuroses. Other investigators are 
struck by the possibility of using the 
drugs to facilitate meditation and aes
thetic discrimination and to stimulate 
the imagination. These possibilities, 
taken in conjunction with the known 
hazards, are the bases for the current 
professional concern and controversy. 

In evaluating potential uses and mis
uses of the hallucinogens, one can draw 
on a considerable body of knowledge 
from such disciplines as anthropology, 
pharmacology, biochemistry, psychology 
and psychiatry. 

In some primitive societies the plants 
from which the major hallucinogens 

are derived have been known for mil
lenniums and have been utilized for 
divination, curing, communion with su
pernatural powers and meditation to 
improve self-understanding or social 
unity; they have also served such mun
dane purposes as allaying hunger and 
relieving discomfort or boredom. In the 
Western Hemisphere the ingestion of 
hallucinogenic plants in pre-Columbian 
times was limited to a zone extending 
from what is now the southwestern 
U.S. to the northwestern basin of the 
Amazon. Among the Aztecs there were 
professional diviners who achieved in
spiration by eating either peyote, hallu
cinogenic mushrooms (which the Aztecs 
called teo-nanacatyl, or "god's flesh") 
or other hallucinogenic plants. Teo
nanacatyl was said to have been dis
h'ibuted at the coronation of Monte
zuma to make the ceremony seem more 
spectacular. In the years following the 
conquest of Mexico there were reports 
of communal mushroom rites among 
the Aztecs and other Indians of south
ern Mexico. The communal use has 
almost died out today, but in several 
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but not the serotonin antagonism; the removal of one of the two 

ethyl groups (right) sharply reduces activity in each of the areas. 

tribes the medicine men or women 
(cumnderos) still partake of Psilocybe 
and Strop haria in their rituals. 

In the arid region between the Rio 
Grande and central Mexico, where the 
peyote cactus grows, the dried tops 
of the plants ("peyote buttons") were 
eaten by Indian shamans, or medicine 
men, and figured in tribal rituals. Dur
ing the 19th century the Mescalero 
Apaches of the Great Plains acquired 
the plant and developed a peyote rite. 
The peyotism of the Mescaleros (whence 
the name mescaline) spread to the 
Comanches and Kiowas, who trans
formed it into a religion with a doctrine 
and ethic as well as ritual. Peyotism, 
which spread rapidly through the Plains 
tribes, became fused with Christianity. 
Today its adherents worship God as the 
great spirit who controls the universe 
and put some of his power into peyote, 
and Jesus as the man who gave the 
plant to the Indians in a time of need. 
Saturday-night meetings, usually held in 
a traditional tepee, begin with the eat
ing of the sacramental peyote; then the 
night is spent in prayer, ritual singing 
and introspective contemplation, and 
in the morning there is a communion 
breakfast of corn, game and fruit. 
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Recognizing the need for an effective 
organization to protect their form of 
worship, several peyote churches joined 
in 1918 to form the Native American 
Church, which now has about 225,000 
members in tribes from Nevada to the 
East Coast and from the Mexican border 
to Saskatchewan. It preaches brotherly 
love, care of the family, self-reliance 
and abstinence from alcohol. The church 
has been able to defeat attempts, chiefly 
by the missionaries of other churches, 
to outlaw peyote by Federal legislation, 
and it has recently brought about the 
repeal of antipeyote legislation in sev
eral states. 

The hallucinogens began to attract 
scholarly interest in the last decade 

of the 19th century, when the investi
gations and conceptions of such men as 
Francis Galton, J. M. Charcot, Sigmund 
Freud and William James introduced a 
new spirit of serious inquiry into such 
subjects as hallucination, mystical ex
perience and other "paranormal" psy
chic phenomena. Havelock Ellis and the 
psychiatrist Silas Weir Mitchell wrote 
accounts of the subjective effects of 
peyote, or Anhalonium, as it was then 
called. Such essays in turn stimulated 

the interest of pharmacologists. The 
active principle of peyote, the alkaloid 
called mescaline, was isolated in 1896; 
in 1919 it was recognized that the 
molecular structure of mescaline was re
lated to the structure of the adrenal 
hormone epinephrine. 

This was an important turning point, 
because the interest in the hallucino
gens as a possible key to naturally oc
curring psychoses is based on the chem
ical relations between the drugs and 
the neurohumors: substances that chem
ically transmit impulses across synapses 
between two neurons, or nerve cells, or 
between a neuron and an effector such 
as a muscle cell. Acetylcholine and the 
catechol amines epinephrine and nor
epinephrine have been shown to act in 
this manner in the peripheral nervous 
system of vertebrates; serotonin has the 
same effect in some invertebrates. It 
is frequently assumed that these sub
stances also act as neurohumors in the 
central nervous system; at least they are 
present there, and injecting them into 
various parts of the brain seems to affect 
nervous activity. 

The structural resemblance of mes
caline and epinephrine suggested a pos
sible link between the drug and mental 

© 1964 SCIENTIFIC AMERICAN, INC



illness: Might the early, excited stage 
of schizophrenia be produced or at least 
triggered by an error in metabolism that 
produced a mescaline-like substance? 
Techniques for gathering evidence on 
this question were not available, how
ever, and the speculation on an "M
substance" did not lead to serious experi
mental work. 

When LSD was discovered in 1943, 
its extraordinary potency again aroused 
interest in the possibility of finding a 
natural chemical activator of the schizo
phrenic process. The M-substance hy
pothesis was revived on the basis of re
ports that hallucinogenic effects were 
produced by adrenochrome and other 
breakdown products of epinephrine, and 
the hypothesis appeared to be strength
ened by the isolation from human urine 
of some close analogues of hallucino
gens. Adrenochrome has not, however, 
been detected in significant amounts in 
the human body, and it seems unlikely 
that the analogues could be produced 
in sufficient quantity to effect mental 
changes. 

The relation between LSD and sero
tonin has given rise to the hypothesis 
that schizophrenia is caused by an im
balance in the metabolism of serotonin, 
with excitement and hallucinations re
sulting from an excess of serotonin in 
certain regions of the brain, and depres
sive and catatonic states resulting from 
a deficiency of serotonin. The idea arose 
in part from the observation that some 
laboratory preparations of LSD act 
rather like serotonin but other prepara
tions are powerful antagonists of sero
tonin; thus LSD might facilitate or block 
some neurohumoral action of serotonin 
in the brain. 

The broad objection to the serotonin 
theory of schizophrenia is that it re
quires an oversimplified view of the 
disease's pattern of symptoms. More
over, many congeners, or close ana
logues, of LSD, such as 2-brom lysergic 
acid, are equally effective or more effec
tive antagonists of serotonin without 
being significantly active psychological
ly in man. This does not disprove the 
hypothesis, however. In man 2-brom 
LSD blocks the mental effects of a sub
sequent dose of LSD, and in the heart 
of a clam it blocks the action of both 
LSD and serotonin. Perhaps there are 
"keyholes" at the sites where neuro
humors act; in the case of those for 
serotonin it may be that LSD fits the 
hole and opens the lock, whereas the 
psychologically inactive analogues mere
ly occupy the keyhole, blocking the 
action of serotonin or LSD without 
mimicking their effects. Certainly the re-

semblance of most of the hallucinogens 
to serotonin is marked, and the correla
tions between chemical structure and 
pharmacological action deserve inten
sive investigation. The serotonin theory 
of schizophrenia is far from proved, but 
there is strong evidence for an organic 
factor of some kind in the disease; it 
may yet turn out to involve either a 
specific neurohumor or an imbalance 
among several neurohumors. 

The ingestion of LSD, mescaline or 
psilocybin can produce a wide range 

of subjective and objective effects. The 
subjective effects apparently depend on 
at least three kinds of variable: the 
properties and potency of the drug it
self; the basic personality traits and cur
rent mood of the person ingesting it, 
and the social and psychological con
text, including the meaning to the indi
vidual of his act in taking the drug and 
his interpretation of the motives of 
those who made it available. The dis
cussion of subjective effects that follows 
is compiled from many different ac
counts of the drug experience; it should 
be considered an inventory of possible 
effects rather than a description of a 
typical episode. 

One subjective experience that is fre
quently reported is a change in visual 
perception. When the eyes are open, the 
perception of light and space is affected: 
colors become more vivid and seem to 
glow; the space between objects be
comes more apparent, as though space 
itself had become "real," and surface 
details appear to be more sharply de
fined. Many people feel a new aware
ness of the physical beauty of the world, 
particularly of visual harmonies, colors, 
the play of light and the exquisiteness of 
detail. 

The visual effects are even more strik
ing when the eyes are closed. A con
stantly changing display appears, its 
content ranging from abstract forms to 
dramatic scenes involving imagined peo
ple or animals, sometimes in exotic lands 
or ancient times. Different individuals 
have recalled seeing wavy lines, cob
web or chessboard designs, gratings, 
mosaics, carpets, floral designs, gems, 
windmills, mausoleums, landscapes, "ar
abesques spiraling into eternity," statu
esque men of the past, chariots, se
quences of dramatic action, the face of 
Buddha, the face of Christ, the Cruci
fixion, "the mythical dwelling places of 
the gods," the immensity and blackness 
of space. After taking peyote Silas Weir 
Mitchell wrote: "To give the faintest 
idea of the perfectly satisfying intensity 
and purity of these gorgeous color fruits 

WATER COLORS were done, while under 

the influence of a relatively large dose of a 
hallucinogenic drug, by a person with no 
art training. Originals are b�ight yellow, 
purple, green and red as well as black. 
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took the drug. The curves show the per cent of the group giving 
positive answers at each time. The gray curves are for those given 

an inactive substance, the broken black curves for between 25 and 

75 micrograms and the solid black curves for between 100 and 225. 
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is quite beyond my power." A painter 
described the waning hours of the ef
fects of psilocybin as follows: "As the 
afternoon wore on I felt very content to 
simply sit and stare out of the window 
at the snow and the trees, and at that 
time I recall feeling that the snow, the 
fire in the fireplace, the darkened and 
book-lined room were so perfect as to 
seem almost unreal." 

The changes in visual perception are 
not always pleasant. Aldous Huxley 
called one of his books about mescaline 
Heaven and Hell in recognition of the 
contradictory sensations induced by the 
drug. The "hellish" experiences include 
an impression of blackness accompanied 
by feelings of gloom and isolation, a 
garish modification of the glowing col
ors observed in the "heavenly" phase, a 
sense of sickly greens and ugly dark 
reds. The subject's perception of his own 
body may become unpleasant: his limbs 
may seem to be distorted or his flesh 
to be decaying; in a mirror his face 
may appear to be a mask, his smile a 
meaningless grimace. Sometimes all hu
man movements appear to be mere 
puppetry, or everyone seems to be dead. 
These experiences can be so disturbing 
that a residue of fear and depression 
persists long after the effects of the drug 
have worn off. 

O ften there are complex auditory 
hallucinations as well as visual 

ones: lengthy conversations between 
imaginary people, perfectly orchestrated 
musical compositions the subject has 
never heard before, voices speaking 
foreign languages unknown to the sub
ject. There have also been reports of 
hallucinatory odors and tastes and of vis
ceral and other bodily sensations. Fre
quently patterns of association normally 
confined to a single sense will cross over 
to other senses: the sound of music 
evokes the visual impression of jets of 
colored light, a "cold" human voice 
makes the subject shiver, pricking the 
skin with a pin produces the visual im
pression of a circle, light glinting on a 
Christmas tree ornament seems to shat
ter and to evoke the sound of sleigh 
bells. The time sense is altered too. The 
passage of time may seem to be a slow 
and pleasant flow or to be intolerably 
tedious. A "sense of timelessness" is 
often reported; the subject feels outside 
of or beyond time, or time and space 
seem infinite. 

In some individuals one of the most 
basic constancies in perception is af
fected: the distinction between subject 
and object. A firm sense of personal 
identity depends on knowing accurately 

the borders of the self and on being 
able to distinguish what is inside from 
what is outside. Paranoia is the most 
vivid pathological instance of the break
down of this discrimination; the para
noiac attributes to personal and im
personal forces outside himself the 
impulses that actually are inside him. 
Mystical and transcendental experi
ences are marked by the loss of this 
same basic constancy. "All is one" is 
the prototype of a mystical utterance. 
In the mystical state the distinction be
tween subject and object disappears; 
the subject is seen to be one with the 
object. The experience is usually one of 
rapture or ecstasy and in religious terms 
is described as "holy." When the sub
ject thus achieves complete identifica
tion with the object, the experience 
seems beyond words. 

Some people who have taken a large 
dose of a hallucinogenic drug report 
feelings of "emptiness" or "silence, " 
pertaining either to the interior of the 
self or to an "interior" of the universe
or to both as one. Such individuals have 
a sense of being completely undifferen
tiated, as though it were their personal 
consciousness that had been "emptied, " 
leaving none of the usual discrimina
tions on which the functioning of the 
ego depends. One man who had this ex
perience thought later that it had been 
an anticipation of death, and that the 
regaining of the basic discriminations 
was like a remembrance of the very first 
days of life after birth. 

The effect of the hallucinogens on 
sexual experience is not well docu
mented. One experiment that is often 
quoted seemed to provide evidence 
that mescaline is an anaphrodisiac, an 
inhibitor of sexual appetite; this conclu
sion seemed plausible because the drugs 
have so often been associated with rituals 
emphasizing asceticism and prayer. The 
fact is, however, that the drugs are prob
ably neither an aphrodisiacs nor aphro
disiacs-if indeed any drug is. There is 
reason to believe that if the drug-taking 
situation is one in which sexual relations 
seem appropriate, the hallucinogens 
simply bring to the sexual experience 
the same kind of change in perception 
that occurs in other areas of experience. 

The point is that in all the hallucino
gen-produced experiences it is never the 
drug alone that is at work. As in the 
case of alcohol, the effects vary widely 
depending on when the drug is taken, 
where, in the presence of whom, in what 
dosage and-perhaps most important of 
all-by whom. What happens to the in
dividual after he takes the drug, and his 
changing relations to the setting and 

the people in it during the episode, will 
further influence his experience. 

Since the setting is so influential in 
these experiments, it sometimes happens 
that a person who is present when some
one else is taking a hallucinogenic drug, 
but who does not take the drug himself, 
behaves as though he were under the 
influence of a hallucinogen. In view of 
this effect one might expect that a person 
given an inactive substance he thought 
was a drug would respond as though he 
had actually received the drug. Indeed, 
such responses have sometimes been 
noted. In controlled experiments, how
ever, subjects given an inactive sub
stance are readily distinguishable from 
those who take a drug; the difference is 
apparent in their appearance and be
havior, their answers to questionnaires 
and their physiological responses. Such 
behavioral similarities as are observed 
can be explained largely by a certain 
apprehension felt by a person who re
ceives an inactive substance he thinks 
is a drug, or by anticipation on the 
part of someone who has taken the 
drug before. 

I n addition to the various subjective 
effects of the hallucinogens there are 

a number of observable changes in 
physiological function and in perform
ance that one can measure or at least 
describe objectively. The basic physio
logical effects are those typical of a mild 
excitement of the sympathetic nervous 
system. The hallucinogens usually dilate 
the pupils, constrict the peripheral arte
rioles and raise the systolic blood pres
sure; they may also increase the excita
bility of such spinal reflexes as the knee 
jerk. Electroencephalograms show that 
the effect on electrical brain waves is 
usually of a fairly nonspecific "arousal" 
nature: the pattern is similar to that of 
a normally alert, attentive and problem
oriented subject, and if rhythms char
acteristic of drowsiness or sleep have 
been present, they disappear when the 
drug is administered. (Insomnia is com
mon the first night after one of the drugs 
has been taken.) Animal experiments 
suggest that LSD produces these effects 
by stimulating the reticular formation 
of the midbrain, not directly but by 
stepping up the sensory input. 

Under the influence of one of the 
hallucinogens there is usually some re
duction in performance on standard tests 
of reasoning, memory, arithmetic, spell
ing and drawing. These findings may not 
indicate an inability to perform well; 
after taking a drug many people simply 
refuse to co-operate with the tester. The 
very fact that someone should want to 
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test them may seem absurd and may 
arouse either hostility or amusement. 
Studies by one of the authors in which 
tests of attention and concentration were 
administered to subjects who had been 
given different doses of LSD indicated 
that motivation was perhaps as impor
tant in determining scores as the sub
ject's intellectual capacity. 

The hallucinogenic drugs are not ad
dictive-if one means by addiction that 
physiological dependence is established 
and the drug becomes necessary, usually 
in increasing amounts, for satisfactory 
physiological functioning. Some indi
viduals become psychologically depend
ent on the drugs, however, and develop 
a "habit" in that sense; indeed, there is 
a tendency for those who ingest hallu
cinogens habitually to make the drug 
experience the center of all their activi
ties. LSD, mescaline and psilocybin do 
produce physiological tolerance. If the 
same quantity of LSD is administered 
on three successive days, for example, 
it will not suffice by the third day to pro
duce the same subjective or physiologi
cal effects; tolerance develops more 
slowly and less completely with mes
caline and psilocybin. When an indi
vidual becomes tolerant to a given dos-
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age of LSD, the ordinarily equivalent 
dose of psilocybin produces reduced ef
fects. This phenomenon of cross-toler
ance suggests that the two drugs have 
common pathways of action. Any toler
ance established by daily administration 
of the drugs wears off rather rapidly, 
generally being dissipated within a few 
days if the drug is not taken. 

The three major hallucinogens differ 
markedly in potency. The standard hu
man doses-those that will cause the 
average adult male weighing about 150 
pounds to show the full clinical effects
are 500 milligrams of mescaline, 20 milli
grams of psilocybin and .1 milligram 
of LSD. It is assumed that in a large 
enough dose any of the hallucinogens 
would be lethal, but there are no docu
mented cases of human deaths from the 
drugs alone. Death has been brought on 
in sensitive laboratory animals such as 
rabbits by LSD doses equivalent to 120 
times the standard human dose. Some 
animals are much less susceptible; white 
rats have been given doses 1,000 times 
larger than the standard human dose 
without lasting harm. The maximum 
doses known by the authors to have 
been taken by human beings are 900 
milligrams of mescaline, 70 milligrams 

of psilocybin and two milligrams of 
LSD. No permanent effects were noted 
in these cases, but obviously no decisive 
studies of the upper limits of dosage 
have been undertaken. 

There are also differences among the 
hallucinogens in the time of onset of 
effects and the duration of intoxication . 

. '<\Then mescaline is given orally, the 
effects appear in two or three hours and 
last for 12 hours or more. LSD acts in 
less than an hour; some of its effects 
persist for eight or nine hours, and in
somnia can last as long as 16 hours. 
Psilocybin usually acts within 20 or 
30 minutes, and its full effect is felt 
for about five hours. All these estimates 
are for the standard dose administered 
orally; when any of the drugs is given 
intravenously, the first effects appear 
within minutes. 

,At the present time LSD and psilocybin 
are treated by the U. S. Food and 

Drug Administration like any other "ex
perimental drug," which means that 
they can be legally distributed only to 
qualified investigators who will admin
ister them in the course of an approved 
program of experimentation. In prac
tice the drugs are legally available only 
to investigators working under a Gov
ernment grant or for a state or Federal 
agency. 

Nevertheless, there has probably been 
an increase during the past two or 
three years in the uncontrolled use of 
the drugs to satisfy personal curiosity 
or to experience novel sensations. This 
has led a number of responsible peo
ple in government, law, medicine and 
psychology to urge the imposition of 
stricter controls that would make the 
drugs more difficult to obtain even for 
basic research. These people emphasize 
the harmful possibilities of the drugs; 
citing the known cases of adverse reac
tions, they conclude that the prudent 
course is to curtail experimentation with 
hallucinogens. 

Others-primarily those who have 
worked with the drugs-emphasize the 
constructive possibilities, insist that the 
hallucinogens have already opened up 
important leads in research and con
clude that it would be shortsighted as 
well as contrary to the spirit of free sci
entific inquiry to restrict the activities 
of qualified investigators. Some go fur
ther, questioning whether citizens should 
be denied the opportunity of trying the 
drugs even without medical or psycho
logical supervision and arguing that any. 
one who is mentally competent should 
have the right to explore the varieties 
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of conscious experience if he can do so 
without ha11l1ing himself or others. 

The most systematic survey of the 
incidence of serious ad verse reactions 
to hallucinogens covered nearly 5,000 
cases, in which LSD was administered 
on more than 25,000 occasions. Psy
chotic reactions lasting more than 48 
hours were observed in fewer than two
tenths of 1 per cent of the cases. The 
rate of attempted suicides was slightly 
over a tenth of 1 per cent, and these 
involved psychiatric patients with his
tories of instability. Among those who 
took the drug simply as subjects in ex
periments there were no attempted sui
cides and the psychotic reactions oc
CUlTed in fewer than a tenth of 1 per 
cent of the cases. 

Recent reports do indicate that the 
incidence of bad reactions has been 
increasing, perhaps because more indi
viduals have been taking the hallucino
gens in settings that emphaSize sensa
tion-seeking or even deliberate social 
delinquency. Since under such circum
stances there is usually no one in attend
ance who knows how to avert dan
gerous developments, a person in this 
situation may find himself facing an 
extremely frightening hallucination with 
no one present who can help him to 
recognize where the hallucination ends 
and reality begins. Yet the question of 
what is a proper setting is not a simple 
one. One of the criticisms of the Har
vard experiments was that some were 
conducted in private homes rather than 
in a laboratory or clinical setting. The ex
perimenters defended this as an attempt 
to provide a feeling of naturalness and 
"psychological safety." Such a setting, 
they hypothesized, should reduce the 
likelihood of negative reactions such as 
fear and hostility and increase the posi
tive experiences. Controlled studies of 
this hypothesis have not been carried 
out, however. 

Many psychiatrists and psychologists 
who have administered hallucinogens in 
a therapeutic setting claim specific bene
fits in the treatment of psychoneuroses, 
alcoholism and social delinquency. The 
published studies are difficult to evaluate 
because almost none have employed 
control groups. One summary of the 
available statistics on the treatment of 
alcoholism does indicate that about 50 
per cent of the patients treated with a 
combination of psychotherapy and LSD 
abstained from alcohol for at least a year, 
compared with 30 per cent of the pa
tients treated by psychotherapy alone. 

In another recent study the results of 
psychological testing before and after 

LSD therapy were comparable in most 
respects to the results obtained when 
conventional brief psychotherapy was 
employed. Single-treatment LSD ther
apy was significantly more effective, 
however, in relieving neurotic depres
sion. If replicated, these results may pro
vide an important basis for more directed 
study of the treatment of specific psycho
pathological conditions. 

If the hallucinogens do have psycho
therapeutic merit, it seems possible that 
they work by producing a shift in per
sonal values. William James long ago 
noted that "the best cure for dipsomania 
is religiomania. " There appear to be re
ligious aspects of the drug experience 
that may bring about a change in be
havior by causing a "change of heart. " 
If this is so, one might be able to apply 
the hallucinogens in the service of moral 
regeneration while relying on more con
ventional techniques to give the patient 
insight into his habitual behavior pat
terns and motives. 

In the light of the information now 
available about the uses and possible 
abuses of the hallucinogens, common 
sense surely decrees some form of social 

control. In considering such control it 
should always be emphasized that the 
reaction to these drugs depends not only 
on their chemical properties and bio
logical activity but also on the context 
in which they are taken, the meaning 
of the act and the personality and mood 
of the individual who takes them. If 
taking the drug is defined by the group 
or individual, or by society, as immoral 
or criminal, one can expect guilt and ag
gression and further social delinquency 
to result; if the aim is to help or to be 
helped, the experience may be thera
peutic and strengthening; if the subject 
fears psychosis, the drug could induce 
psychosis. The hallucinogens, like so 
many other discoveries of man, are anal
ogous to fire, which can burn down the 
house or spread through the house life
sustaining warmth. Purpose, planning 
and constructive control make the differ
ence. The immediate research challenge 
presented by the hallucinogens is a prac
tical question: Can ways be found to 
minimize or eliminate the hazards, and 
to identify and develop further the con
structive potentialities, of these powerful 
drugs? 

NATIVE AMERICAN CHURCH members take part in a peyote ceremony in Saskatchewan, 
Canada. Under the influence of the drug, they gaze into the fire as they pray and meditate. 
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The Interaction of Light with Light 
Intense bealns of laser light interact with crystals to yield nOl)el 

optical effects. For exa,nple, when two beams meet zn a crystal 

they can add or subtract to produce beams of two new wal)elengths 

One of the best-known character
istics of light is that the trans
mission, refraction and reflection 

of a beam of light in a transparent ma
terial are not affected by the intensity 
of the light or the presence of a second 
beam. According to James Clerk Max
well's theory of electromagnetism the 
behavior of a light beam can be pre
dicted solely from the wavelength of 
the light and its velocity in the material. 
Now, however, that we have lasers to 
generate intense beams of coherent 
light-light whose waves are all in step 
-many new and striking properties of 
light can be demonstrated. 

It has recently been shown, for ex
ample, that in transparent materials an 
intense beam of light can generate har
monics, or overtones, of the original 
light frequency. It has also been shown 
that in the presence of matter two light 
beams can interact with each other. 
There is good reason to expect small 
but observable interactions of intense 
light beams even in a vacuum. These, 
however, have not yet been demon
strated, and it is not likely that they are 
within reach of existing lasers. 

One type of interaction of light with 
matter has been known since 1927, 
when it was discovered by the Indian 
physicist C. V. Raman. In the Raman 
effect a quantum of light gives up some 
of its energy to a molecule and reap
pears as a scattered quantum with a 
lower frequency. It has now been dis
covered that the ordinarily weak Raman
scattered light is strongly enhanced if it 
is coupled to an intense beam of laser 
light. 

The electromagnetic wave that con
stitutes light is made up of an elec

tric component and a magnetic com
ponent; these components are locked in 

38 

by 1. A. Gionlmaine 

step at right angles to each other and 
oscillate together. It is possible to alter 
the velocity of light in a transparent 
material by applying an additional 
electric or magnetic field to the mate
rial . As early as 1845 Michael F ara
day, whose experiments touched almost 
every aspect of electricity and magnet
ism, discovered that a static magnetic 
field affects the way light travels 
through glass. He showed that the plane 
of polarization of a beam of light is ro
tated as the light travels along the lines 
of force in a magnetic field. Thirty years 
later the Scottish physicist John Kerr pro
duced double refraction of light in glass 
by applying a strong electric field. In 
these two experiments the application 
of either an intense magnetic field or an 
intense electric field slightly changes the 
refractive index of the material, that is, 
the ratio of the velocity of light in a 
vacuum to the velocity of light in the 
material. In the Faraday experiment a 
beam of plane-polarized light acts as if 
it were composed of two circularly po
larized beams rotating in opposite direc
tions. The application of the magnetic 
field makes the index of refraction of 
the glass for one of the beams different 
from that for the other. 

The Faraday and Kerr effects, as well 
as later experiments, suggest that by 
virtue of its own electric and magnetic 
field, light of sufficient intensity can 
change the refractive index of the me
dium supporting it, affecting its own 
propagation and that of other light 
beams present. It is evident that al
terations in the refractive index, if 
produced, will have a periodicity, or 
frequency, equal to the optical 
frequency of the light beam that has 
created them. This implies that if a 
second beam of light of a different fre
quency is simultaneously present, its 

velocity will be altered periodically by 
the high-frequency changes in refrac
tive index produced by the first beam. 
As a result of this interaction one light 
beam should be able to modulate 
another, producing sum and difference 
frequencies. 

In the language of the quantum theory 
of radiation, according to which light 
propagates in discrete bundles called 
photons, these processes represent in
teractions of photons. For example, two 
photons can be annihilated to produce 
a new photon embodying the energy of 
the two that disappeared. Since the fre
quency of a photon is proportional to its 
energy, the new photon will exhibit the 
sum frequency of the two annihilated 
photons. Other interactions of light 
beams can be regarded as the collision 
and scattering of pairs of photons. 

Such "nonlinear" interactions have 
not been observed in experiments with 
ordinary light sources because the elec
tric and magnetic fields associated with 
these sources are too small. The electric 
field of sunlight at the surface of the 
earth has an amplitude of about 10 volts 
per centimeter, enough to change the re
fractive index of glass in the Kerr effect 
by only about one part in 1015. The mag
netic field of sunlight is about a thirtieth 
of a gauss, less than a tenth of the 
strength of the earth's magnetic field 
and enough to change the refractive 
index of glass in the Faraday effect by 
only one part in 101�. Although brighter 
sources such as the carbon-arc lamp and 
high-pressure discharge lamps have been 
available, their broad emission spectra, 
like that of the sun, make the search 
for nonlinear effects difficult. For the 
effects to be readily observable a great 
deal of energy must be concentrated in 
a narrow band of wavelengths, the nar
rower the better. Without such m011-
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ochromatic and coherent radiation there 
is no opportunity for the waves to inter
act with matter or with each other in 
an orderly way. 

'V ith the development of the laser in 
1960, physicists finally obtained a 

light source that seemed capable of 
producing nonlinear optical effects. Its 
output was concentrated in a narrow 
band of frequencies and its waves were 
highly coherent [see "Optical Masers," 
by Arthur L. Schawlow; SCIENTIFIC 

AMERICAN, June, 1961]. In the summer 
of 1961 a search for nonlinear effects 
was undertaken by Peter A. Franken, 
Allen E. Hill, C. W. Peters and Gabriel 
Vleinreich of the University of Michi
gan. They focused onto a quartz crystal 
the beam of a ruby laser that emitted 
a three-kilowatt pulse of red light at 
a wavelength of 6,943 angstrom units. 
Of the light striking the crystal one 
part in 108 was converted to second
harmonic light with a wavelength of 
3,471.5 angstroms; this wavelength, 

which lies in the ultraviolet region of 
the spectrum, is exactly half the wave
length and therefore twice the frequency 
of the laser light [see illustrations on 
next page]. The possibility that the 
emitted light might be some kind of 
ultraviolet fluorescence induced by the 
laser beam could be ruled out because 
its wavelength was precisely half the 
laser wavelength and because it was 
emitted in as highly directional a beam 
as the incident laser beam. 

Many related experiments and some 

"SECOND HARMONIC" ULTRAVIOLET LIGHT is generated 
when red light from a ruby laser passes through a crystal of potas· 
sium dihydrogen phosphate (KDP). The laser beam, which has a 
wavelength of 6,943 angstrom units, originates at the right off the 
edge of the photograph. The blocklike assembly at the right houses 
a rotating partially reflecting mirror that is part of the laser mecha
nism. A fully reflecting mirror at the other end of the laser's opti· 
cal path is fixed. Laser action does not oceur until the rotating 
mirror and the fixed mirror are parallel. If this alignment is 
postponed until the population of excited atoms in the ruby 

laser rod has reached a peak, laser action is intensified. Be
tween the rotating mirror and the triangular crystal of KDP 
there is a diaphragm and red filter to exclude stray light. Inside 
the crystal about .1 per cent of the laser beam is converted 
to ultraviolet light of 3,471.5 angstroms, which is exactly half 
the wavelength of the incident light. The unconverted red light 
is removed by a deep blue filter mounted to the left of the crys
tal. The second·harmonic ultraviolet light, here barely visible, 
creates a bright flash when it strikes the fluorescent screen at far 
left. The experim�nt was photographed in the author's laboratory. 
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6,943 ANGSTROMS 

RUBY LASER 
FOCUSING LENS 

QUARTZ CRYSTAL PRISM AND 
COLLIMATING LENSES 

PHOTOGRAPHIC PLATE 

FIRST DEMONSTRATION that ultraviolet light could be gen· 
erated by the intense flash of a ruby laser was made with this ex· 
perimental arrangement in 1961 at the University of Micbigan. The 
investigators were Peter A. Franken, Allen E. Hill, C. W. Peters 

and Gabriel Weinreicb. The quartz crystal converted only a hun· 
dred·millionth of the incident light to ultraviolet light. On be· 
ing passed through a prism the ultraviolet is bent more than the red 
laser light and the two can be photographed separately (see below). 

3,471.5 6,943 

FIRST PHOTOGRAPHS of second·harmonic ultraviolet light were 
made by Franken and his associates. In each case the amount of 

ultraYiolet (small spots at 3,471.5 angstroms) is roughly propor· 
tional to the square of the amount of red light at 6,943 angstroms. 

unexpected developments quickly fol
lowed. Up to 20 per cent efficiency has 
been obtained in converting laser light 
to harmonic frequencies. By means of 
nonlinear processes coherent light has 
been made available at hundreds of 
new wavelengths in the ultraviolet, visi
ble and infrared regions of the spectrum. 
The nonlinear optical effects show them-
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selves in a variety of striking ways and 
represent a new branch of optics of con
siderable technological promise. 

To understand how harmonic light 
was generated in the experiment of the 
Franken group it is necessary to under
stand how the electric field of the laser 
light wave acted on electrons in the 
crystal of quartz. A free atom consists 

of a positively charged nucleus sur
rounded by a cloud of one or more elec· 
trons; when there are several electrons, 
they form a series of discrete shells. The 
electrons in the outermost shell are 
loosely bound and are called valence 
electrons. When one atom is close to 
another, as it is in a crystal, the valence 
electrons are available to be shared by, 
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or transferred to, other atoms. The re
sult of this process is to fill completely 
the outer shells of adjacent atoms, 
which are thereby bound together. 
Some crystals, such as sodium chloride, 
are termed ionic because electrons are 
transferred from atoms that have one or 
a few electrons in excess of a complete 
shell to atoms whose outer shells lack 
electrons. Both the lenders and the bor
rowers of electrons are left with a net 
electric charge, either positive or nega
tive. These ions arrange themselves 
regularly in a lattice in such a way that 
oppositely charged ions are as close 
together as possible. Other kinds of 
crystals, such as diamond, are called 
covalent because the outermost elec
trons are shared among atoms to pro
vide each with a filled outer shell. In 
both ionic and covalent crystals the 
over-all crystal is electrically neutral. 

�t us see what happens when visible 
light waves pass through a trans

parent crystal .  One component of the 
light wave is an alternating electric field. 
The nuclei of atoms are too heavy to re
spond to this rapidly alternating field, 
and the inner electrons are too tightly 
bound to the nuclei to respond signifi
cantly. The weakly bound valence elec
trons, however, redistribute themselves 
in step with the field [see upper illustra
tion on this page J. Their redistribution 
involves a polarization, or a displacement 
of negative charge, inside the crystal. 
This polarization induced by light is not 
to be confused with the polarization that 
can be induced in a light beam by the 
use of a polarizing filter. The periodical
ly changing polarization inside the crys
tal corresponds to an oscillating motion 
of the negative charge density and 
therefore to a weak alternating current 
at the light frequency. 

As long as the optical electric field 
is small compared with the cohesive elec
tric fields within the crystal, the polar
ization current faithfully follows the 
electric field of the light wave [see upper 
illustration on next page J. The crystal 
now behaves like a highly directional 
antenna, supporting a wave of current 
that travels through the crystal precisely 
in step with its parent light wave and 
radiating primarily in the same direction. 
The energy in the light wave is not sig
nificantly changed; the only effect of the 
polarization and subsequent reradiation 
is to slow down the velocity of light in 
the medium. 

The situation is quite different for 
intense light. The focused light from 
certain lasers has an electric field as 

strong as 10 million (lOT) volts per centi
meter. Such strong fields are comparable 
to the cohesive local electric fields in 
the crystal, which are of the order of lOS 
to 1010 volts per centimeter. Conse
quently when intense laser beams enter 
a transparent crystal, they cause a mas
sive redistribution of the electrons and 
the resulting polarization is no longer 
proportional to the optical electric field. 
In fact, at optical fields of lOT volts per 
centimeter and higher many materials 
break down completely. 

The simplified diagram at the bottom 
of this page illustrates the characteristic 
response when an intense optical electric 
field travels through a nonlinear, or ionic, 
material. It shows that an intense field 
in the "right" direction is more effective 

in polarizing the material than a field 
in the "left" direction. Such a situation 
can occur only in a crystal that has a 
"one-wayness" in its structure, or, to be 
more precise, one that has no center of 
symmetry. Of the crystals found in na
ture only about 10 per cent fall in this 
class, and they usually exhibit the phe
nomenon called piezoelectricity. When 
a piezoelectric crystal is subjected to 
mechanical pressure, its asymmetry leads 
to unequal distortions in the distribu
tion of positive and negative charge and 
a voltage appears across the faces of the 
crystal. 

The distorted polarization wave pro
duced by an intense laser beam travels 
at the same velocity as the light wave. 
It can be shown, moreover, that the dis-

LINEAR POLARIZATION W AVE (color) is created when a light wave of moderate in
tensity passes through a transparent medium. The light wave carries an optical electric 
field (black curve), which causes a symmetrical displacement of loosely bound electrons 
(black arrows). The displacement takes place in step with the optical electric field and 
forms an optical polarization wave. The wave radiates a light wave of its own frequency. 

NONLINEAR POLARIZATION WAVE (color) is created when light of sufficient in· 
tensity passes through certain crystals with a "one·wayness" in their structure. Loosely 
bound electrons are moved more easily to one side than to the other by the light's 
optical electric field (black curve). The result is a distorted polarization wave that gives 
rise to light containing a second harmonic, or overtone, of the fundamental wave frequency. 
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torted wave is the sum of three com
ponents: a wave at the fundamental 
frequency (f) of the light wave, a wave 
at the second-hm-monic frequency (2f) 
and a third component that corresponds 
to a "direct current," or steady, polariza
tion [see illustration on opposite page]. 

The second-harmonic polarization 
wave travels in step with the fundamen
tal, or f, light wave and radiates light at 
frequency 2f in the same direction . In al
most all materials, however, the velocity 
of 2f light is slower by a few per cent 
than the velocity of f light. This is an
other way of saying that a material's 
refractive index for high-frequency light 
is usually greater than it is for light of 
lower frequency. It is this variation in 
refractive index that creates a spectrum 
when white light is passed through a 
prism. The variation in refractive index 
with wavelength is called normal dis
persion. 

The difference in velocity between 
fundamental (f) light and harmonic (2f) 
light means that the harmonic light ra
diated from the 2f polarization wave 
will travel at a velocity a few per cent 

slower than the 2f polarization wave 
itself. It is evident that the light radiated 
by the 2f polarization wave at any in
stant will be slightly out of step with 
the light it radiated a fraction of a sec
ond earlier; the two radiated waves will 
begin to interfere destructively [see top 
illustration on page 44]. The distance 
required for the 2f polarization wave 
and its radiated light to get completely 
out of phase is called the coherence 
length; it is only about a thousandth of 
a centimeter. If the crystal thickness is 
made equal to the coherence length, or 
any even multiple of it, the harmonic 
radiation disappears completely. As a 
result of the interference it is usually 
impossible to make use of crystals longer 
than about a thousandth of a centimeter 
in generating harmonics. 

A number of techniques have been 
proposed to overcome this difficulty 
in practical experiments. The one most 
commonly used exploits the double re
fraction exhibited by certain crystals. 
The technique was developed independ
ently by Paul D. Maker, Robert W. 
Terhune, Martin Nisenoff and Carleton 
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M. Savage of the Scientific Labora
tory of the Ford Motor Company and 
by the author at the Bell Telephone 
Laboratories. 

Certain asymmetric crystals such as 
calcite are doubly refracting because 
in them light can travel at two different 
velocities, described as ordinary and ex
traordinary. These velocities actually 
vary with propagation direction and po
larization as well as with wavelength. 
Ordinary and extraordinary velocities in 
potassium dihydrogen phosphate (KDP), 
a piezoelectric crystal commonly used 
for harmonic generation, are illustrated 
in the middle diagram on page 44. The 
diagram shows that at an angle of 50 
degrees to the optic axis of the crystal, 
ordinary fundamental light at 6,943 ang
stroms travels at exactly the same ve
locity as extraordinary harmonic light at 
3,471 .5 angstroms. When this direction 
is used for harmonic generation, the re
tardation of the ultraviolet harmonic 
light due to dispersion is precisely com
pensated by the higher velocity of ex
traordinary light at the harmonic wave
length. 

WHEN CRYSTAL RESPONSE IS LINEAR, the optical polariza. 
tion wave (color) is directly proportional to the optical electric 

field (black). When values of the wave and field are plotted 
against each other, as shown at right, the result is a straight Jille. 
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WHEN CRYSTAL RESPONSE IS NONLINEAR, the optical 
polarization wave (color) is no longer proportional to the optical 
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electric field (black). When values of the wave and field are 
plotted against each other (right), the resulting curve is nonlinear. 
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This technique has made possible an 
increase in coherence length from a 
thousandth of a centimeter to more than 
a centimeter and has led to a million
fold increase in conversion efficiency. In 
KDP a 20 per cent conversion efficiency 
from red to ultraviolet has been ob
served by Maker, Terhune and Savage 
with a million-watt pulsed laser. Arthur 
Ashkin, Gary D. Boyd and Joseph M. 
Dziedzic of the Bell Laboratories, also 
using KDP, have observed harmonics 
from a continuously operating gas laser 
at power levels as low as 50 millionths 
of a watt. 

A second method of avoiding the in
terference problem has been developed 
by Robert C. Miller of the Bell Labora
tories and is applicable in ferroelectric 
crystals such as barium titanate. Ferro
electric crystals can be obtained in the 
form of a multilayered sandwich in 
which the layers are regions, called do
mains, that have different properties. In 
barium titanate adjoining domains are 
completely equivalent except that one is 
inverted with respect to the other. The 
phase of the harmonics generated in suc
cessive domains is reversed, with the re
sult that the interference effect is partial
ly offset and harmonic generation greatly 
enhanced. Franken, Hill and Peters have 
observed similar enhancement with 
stacked quartz plates that have axes 
pointing in alternate directions. 

Franken and his associates have also 
detected the "direct curren t" polariza
tion mentioned earlier as the third com
ponent of the distorted polarization 
wave that can be produced by intense 
laser beams. The direct-current signal 
can be detected simply by connecting 
plates to opposite surfaces of a piezo
electric crystal that is transmitting the 
light output from a laser. The direct
current signal appears as a voltage pulse 
proportional to the laser intensity. The 
crystal action in this experiment is anal
ogous to that of a vacuum-tube (or crys
tal) diode in rectifying, or "detecting," a 
radio signal. Detailed theories of all the 
above processes, as well as others, have 
been presented by Nicolaas Bloem
bergen, Peter S. Pershan, John A. Arm
strong and J. Ducuing of Harvard 
University and also by David A. Klein
man of the Bell Laboratories. 

Included in these new theories is an 
analysis of the interaction that takes 
place when two light beams of different 
frequencies are sent through a trans
parent medium in different directions. 
'When intense monochromatic beams are 
used, they "beat" together to produce 
new frequencies that correspond to the 
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ANALYSIS OF NONLINEAR POLARIZATION WAVE (top) shows it to be the sum of 
three components: a wave at the fundamental frequency (j) of the light wave that created 
it, a wave at the second·harmonic frequency (2f) and a component that corresponds to a 
steady polarization (bottom). The first and second of these components radiate their 
own light waves at frequencies of / and 2/ respectively. In almost all materials the velocity 
of 2/ light is a little slower than that of / light, with result shown at top of next page. 

sum and difference frequencies of the 
primary beams. This phenomenon has 
been observed in independent experi
ments by Franken and his colleagues, by 
A. W. Smith and Norman Braslau of the 
International Business Machines Re
search Center, by Miller and Albert 
Savage, as well as by the author. A 
novel feature of the Smith-Braslau ex
periment is that one light source was the 
5,461-angstrom green line of a standard 

mercury-arc lamp. Its beats with the red 
ruby laser (6,943 angstroms) occur in 
the ultraviolet at 3,056 angsh'oms. If 
these wavelengths are expressed as fre
quencies, it is apparent that the first 
two add to produce the third. 

How this addition of frequencies 
comes about is illustrated at the top of 
page 45. The diagram shows the super
position of two light waves of different 
frequencies and wavelengths. The super-
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HARM()NC ULTRAVII)LE"f LI ,HT 

H ARMONIC POLARIZATION COHERENCE LENGTH 

DESTRUCTIVE WAVE INTERFERENCE occurs in a crystal because the polarization 
wave (black) normally travels a little faster than its harmonic radiation (color). The polari. 
zation and its radiation get completely out of step in a distance called the coherence length. 

OPTIC AXIS 

VEL,)ClTY (IF 
EX fRAORDINARY LIGHT 

DIRECTION OF 
MATCHED 
VELOCITIES 

50 DEGREES 

VELOCITY OF 
ORDINARY LIGHT 

INTERFERENCE CAN BE OVERCOME by generating harmonic light in a crystal that 
exhibits double refraction such as KDP. The black circle represents the velocity of ruby 
laser light of 6,943 augstroms polarized perpendicularly to the page. The colored oval 
represents the velocity of second·harmonic light of 3,471.5 angstroms polarized in the 
plane of the page. At 50 degrees to the optic axis both wave;, travel at the same velocity. 

HARMONIC ULTRAVIOLET LIGHT 

H ARMONIC POLARIZATION COHERENCE LENGTH = INFINITY 

ELIMINATION OF WAVE INTERFERENCE is achieved by sending a ruby laser beam 
into a crystal of KDP at 50 degrees to the optic axis. Now the harmonic polarization wave 
(black) and the harmonic ultraviolet light it radiates (color) stay in step indefinitely. 
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position produces a moire pattern in 
which the crossover points identify re
gions of maximum electric field strength. 
The two sets of moire lines drawn 
through these regions of maximum elec
tric field identify the crests of two new 
nonlinear polarization waves that propa
gate through the medium. It can be seen 
in the geometry of the moire pattern that 
one of the new waves has a frequency 
equal to the sum of the frequencies of 
the two primary waves. The other new 
wave has a frequency equal to the differ
ence in frequency between the primary 
waves. 

The illustration also identifies a quan
tity called the propagation vector and 
designated K. The K vector of any wave 
points in the direction of the wave mo
tion and has a length proportional to 
the reciprocal of the wavelength (that 
is, 1 divided by the wavelength). Just 
as one of the new polarization waves 
has a frequency equal to the sum of 
component frequencies, so too it has a 
K vector equal to the sum of compo
nent K vectors. The other polarization 
wave has a K vector equal to the differ
ence between component K vectors. 

I n the quantum theory of radiation the 
frequency of a light wave is propor

tional to the energy of a photon and the 
propagation vector K is proportional to 
its momentum. When two photons in
teract, both energy and momentum must 
be conserved. In the case where two 
beating waves interact to produce a 
wave whose frequency is the sum of the 
frequencies of the primary waves, the 
conservation is straightforward: the sum
frequency photon appears with the com
bined energy and momentum of the two 
primary photons that have been annihi
lated. 

In the case where two beating waves 
interact to produce a wave whose fre
quency is the difference between the 
frequencies of the primary waves, energy 
and momentum have to be conserved in 
a rather curious way. Let us say that 
the two primary photons have frequen
cies of fl and f2 and that the difference 
photon has a frequency f3 equal to fl 
minus f2' In the interaction of fl and f2 
only the fl photon is annihilated. In its 
place appear another f2 and an f3 pho
ton. In being transformed into an f2 
photon the fl photon gives up enough 
energy to create an f3 photon. In other 
words, it can be predicted that such an 
interaction will yield as many new pho
tons of f2 light as of fa light. Because a 
great deal of primary f2 light is needed 
to make the interaction take place, it 
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will be quite difficult to observe the 
small amount of additional f2 light pro
duced. 

All the experiments described so far 
make use of the asymmetric properties 
of piezoelectric crystals to produce non
linear optical effects. It is appropriate 
to ask if such effects can also be obtained 
with ordinary symmetrical crystals and 
isotropic materials such as glass and 
liquids. The answer is yes. As one might 
expect, all materials become nonlinear 
in the presence of sufficiently intense 
fields, but the effects are much weaker 
than those found in asymmetric mate
rials. 

Because symmetrical materials lack 
an intrinsic one-wayness, the polariza
tion wave produced by an intense light 
beam is not skewed left or right as it is 
in asymmetric materials. Instead the 
electronic charges in the material are 
displaced equally to the left and to the 
right. The nonlinearity arises from the 
fact that the displacement can no longer 
follow in exact proportion as the elec
tric field rises to peak intensity. When 
this sort of distorted polarization wave 
is analyzed into its components, it is 
found to consist mainly of a pure wave 
of the fundamental frequency and a 
weak third-harmonic wave. The third 
harmonic of ruby laser light (6,943 
angstroms) occurs in the far ultraviolet 
at 2,314 angstroms. It has been pro
duced in calcite by Terhune of the 
Ford Laboratory; the conversion effi
ciency was three parts per million. 

In the intense electric fields of laser 
light not only the transmission of light 

but also its reflection and refraction 
begin to depart from the classical rules 
of optics. Bloembergen and Pet'shan have 
shown that the laws of reflection and re
fraction must be generalized to include 
harmonic generation at surfaces. Ducu
ing and Bloembergen have observed 
harmonic generation of light on reflec
tion from piezoelectric crystals such as 
tellurium that are opaque at both the 
fundamental and second-harmonic fre
quencies. 

At high intensities the absorption of 
light also exhibits new features. In 1961 
W. Kaiser and C, G. B. Garrett of the 
Bell Telephone Laboratories showed 
that intense laser light is absorbed in 
transparent materials that normally ab
sorb light only at twice the laser fre
quency, In this process two photons are 
absorbed simultaneously, leaving an 
atom in the excited state that would be 
produced by absorption of a single pho
ton of twice the frequency. (The process 
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MOIRE PATTERNS are produced by the interaction of two light waves of different 
frequencies. Their frequencies and wavelengths are labeled 11 and 12 and .\1 and .\2 respec· 
tively. Their propagation vectors designated Kl and K2 point in the direction of the wave 
motion and have a length proportional to the reciprocal of the wavelength. The points 
where the wave fronts intersect identify regions of maximum electric field strength. 
Moire lines drawn through these maxima identify the crests of two new nonlinear polariza
tion waves that radiate light. One wave radiates light of frequency 1+, which is the sum 
of 11 and 12, The other wave radiates light of frequency 1_, which is the difference be
tween 11 and 12, New K vectors, K+ and K_, are likewise produced by sum and difference. 
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NONLINEAR POLARIZATION WAVE (color) can be created in liquids and symmetrical 
solids as well as in asymmetric crystals. Polarization wave is plotted against optical electric 
field (black) at right. Components of polarization wave appear at top of next page. 
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ANALYSIS OF DISTORTED WAVE (top) created by intense light in a symmetrical 
medium shows that it can be broken down into two components: a pure wave at the funda
mental frequency (f) and a low-amplitude wave at the third-harmonic frequency (3j). 
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"PARAMETRIC" AMPLIFIER PRINCIPLE suggests a way in which visible laser light 
could be used to produce coherent infrared radiation. The diagram demonstrates the 
principle with capacitor plates, which are mechanically pushed apart (black arrows) 

when an alternating voltage applied to the plates is at a peak. Such peaks coincide with 
the maximum electric force (colored arrows) acting to pull the plates together. The 
plates are moved together when the voltage and electric force are zero. The motion of 
the capacitor plates at frequency f amplifies the electric signal at a frequency of half f. 
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was predicted theoretically in 193 1  by 
Maria Goeppert Mayer, who last year 
won a Nobel prize for her work on the 
structure of the atomic nucleus.) John 
A. Howe and the author have found that 
many normally transparent materials be
come opaque to intense laser light as a 
result of nonlinear processes. Recent 
work by John J. Hopfield, John M. Wor
lock and Kwangjai Park of the Univer
sity of California at Berkeley has shown 
that the two-photon absorption process 
can provide infOlmation about excited 
states in solids not obtainable from 
ordinary spectroscopy. 

One of the more interesting potential 
applications of the laser is its use 

as a source of "pump" light to generate 
far-infrared radiation. The far-infrared 
region, which holds great interest for 
spectroscopists, has been largely inacces
sible for lack of tunable strong infrared 
sources. Proposals for using lasers to
gether with nonlinear processes to 
remedy this shortcoming have been out
lined by Robert H. Kingston of the 
Lincoln Laboratory of the Massachu
setts Institute of Technology, Norman 
M. Kroll of the University of California 
at San Diego and Bloembergen. 

The principle they propose involves 
the "parametric" process diagramed at 
bottom left, which shows how a voltage 
wave can be amplified in an apparatus 
that contains condenser plates. If the 
plates are pulled apart slightly at each 
voltage peak against the electric forces 
tending to pull them together and are 
returned to their original position at the 
times of zero voltage when the electric 
forces are absent, the mechanical work 
done goes into amplifying the voltage 
wave. In a device that uses laser light for 
pumping, some dielectric material would 
be substituted for the condenser plates. 
A periodic change in the dielectric con
stant would serve the same function as 
moving the plates. 

Notice that if the plates are pulled 
apart at frequency t, the voltage wave 
being amplified has the subhalmonic 
frequency f /2. More Significantly, it is 
possible to pump at frequency f and 
amplify any two lower frequencies it 
and f2 whose sum is equal to f. Several 
laboratories are now trying to develop 
a pumping device that will produce use
ful quantities of coherent infrared light 
at suitable pairs of infrared frequenCies 
using a laser as a pump. 

A laser-driven process that is already 
being put to practical use in spectros
copy is stimulated Raman emission, 
which was discovered two years ago by 
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RADIATION PROCESSES involve transitions between two excited 
states of a molecnle or atom. In fluorescence a photon is spon· 
taneously emitted with energy equivalent to that lost by the mole· 
cule. In stimulated emission a photon with exactly the excitation 
energy of the molecule stimulates it tl} emit another photon of 
like energy. In the presence of many excited molecules a chain 

1 

FINAL STATE 
OF MOLECULE 

.... 
... 

.... -

......... _-'.,.....---

EMITTED 
PHOTONS 

+ 

++ 

+ 

reaction, or laser action, can occur. In Raman scattering a mole
cule that is in a de·excited state absorbs a photon of arbitrary 
energy and re·emits it after subtracting the energy needed for 
excitation. In stimulated Raman scattering the production of a 
scattered photon is stimulated by the presence of a photon of 
exactly the same energy. Consequently a chain reaction can occur. 
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r�------------------------------LASER RESONATOR----------------------------�\ 

MIRROR RUBY ROD AND FLASH LAMP 

RAMAN LASER ACTION is an enhanced form of the effect first 
observed in 1927 by the Indian physicist C. V. Raman. In this 
effect a photon of light is absorbed by a molecule and re-emitted at 
a lower frequency. In the diagram laser photons of 6,943 angstroms 

NITROBENZENE CELL PARTIAL MIRROR 

" ,(D." .... . . '� 
) 

7,660 ANGSTROMS 
PLUS 

6,943 ANGSTROMS 

are rellected back and forth through nitrobenzene. After losing 
energy to nitrobenzene a portion of the beam emerges at 7,660 
angstroms. Raman laser action was discovered in 1962 by Eric J. 
Woodbury and Won K. Ng of the Hughes Aircraft Company. 
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RUBY LASER 

STIMULATED RAMAN SPECTRA are shown for three similar 
molecules_ Each molecule tends to vibrate in only one or two of 
its strongest modes. The many narrow, short lines are produced 
by materials used for calibration_ The Raman emission of the 

I 

upper two molecules represents the synchronous vibration of the 
entire benzene ring. The vibration in the bottom spectrum is char
acteristic of the nitro (N02) group attached to the benzene ring. 
The spectra were photographed by John A. Howe and the author. 
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OVER 100 COHERENT LIGHT SOURCES have now been pro
duced by Raman laser action in various materials. The black 

48 

I I 
6,000 7,000 

lines identify wavelengths created by using pulses from ruby 
lasers; the colored Jines are wavelengths available from neodym-
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Eric J. Woodbury and Won K. Ng of 
the Hughes Aircraft Company. In the 
course of precise measurements of the 
Lght emitted from a million-watt pulsed 
ruby laser it was observed that about 10 
per cent of the expected light at 6,943 
angstroms seemed to be missing. The 
missing light was soon found to be 
emerging as a coherent beam at a new 
wavelength: 7,660 angstroms in the in
frared region [see top illustration on 
opposite page]. 

The new emission occurs at a fre
quency differing from the laser fre
quency by 4 X 1013  cycles per second. 
This difference was subsequently iden
tified as the frequency of a characteristic 
vibration of the nitrobenzene molecule 
by Woodbury in collaboration with an
other group at Hughes Aircraft (Gisela 
M. Eckhardt, Robert W. Hellwarth, 
Frederick J. McClung, Jr., Steven E .  
Schwarz and Daniel Weiner) .  Woodbury 
had just happened to use a laser arrange
ment that included a cell of nitroben
zene as an optical component. Although 
Raman laser emission had been pre
dicted a few years earlier by Ali Javan, 
now at the Massachusetts Institute of 
Technology, its discovery was a happy 
accident. 

In the Raman effect a photon of in
cident light is absorbed by a molecule 
and re-emitted at a lower frequency. 
The energy removed from the light beam 
appears as mechanical energy of vi
bration or rotation of the molecule. The 
striking new feature of the Woodbury
Raman effect is that if enough photons 
are emitted in the ordinary Raman effect 
and if they are prevented from escaping 
too quickly (by being reflected back and 
forth inside a resonator) , they begin to 
stimulate further Raman emission [see 
bottom diagram on page 47] .  This stimu
lation is similar to the process by which 
light is amplified in a laser, except that 
prior excitation of the molecules is un
necessary. In the chain reaction that 
follows, a large fraction of the incident 
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laser light is converted into Raman light 
of lower frequency. With the Woodbury
Raman effect it is possible to photograph 
a Raman spectrum in a single burst of 
laser light lasting a ten-millionth of a 
second; by conventional techniques the 
exposure would require from a minute 
to an hour. 

It has recently been discovered that 
when intense laser pulses are focused in 
solids, liquids and high-pressure gases, 
the stimulated Raman process can occur 
even without a resonator cavity. These 
advances have been made by Terhune, 
Robert W. Minck and William G. Rado 
of the Ford Laboratory and by Gisela 
Eckhardt, David P. Bortfeld and Myel' 
Geller of Hughes Aircraft. Near the fo
cus, where the light intensity can ex
ceed one billion watts per square centi
meter, the amplification of Raman light 
is as high as 1050 per centimeter, enough 
to amplify stray background light up to 
the 100,000-watt level in one pass 
through the focus. 

A new feature of the focused-light 
experiments is that the molecular vibra
tions stimulated by the Raman effect 
become so violent that the refractive 
index of the material oscillates strongly 
at the molecular-vibration frequency. 
Light passing through the fccus acquires 
a modulation at this frequency. As a 
result the characteristic vibration fre
quency of the molecule is not simply 
subtracted from the laser frequency but 
is added to it as well. These shifted 
frequencies, called upper and lower side 
bands, are emitted in sharply defined 
directions detelmined by the conserva
tion of momentum condition described 
earlier. The large variety of substances 
showing the Raman effect provide 
hundreds of new coherent sources of 
light from the ultraviolet through the 
infrared [see bottom illustration on these 
two pages]. 

Charles H. Townes and his associates 
at the Massachusetts Institute of Tech
nology have predicted further that in an 
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intense light beam a Raman-like process 
should also lead to the generation of 
intense waves of high-frequency sound. 
In this process the energy lost by a pho
ton of light should reappear as a quan
tum of sound. 

All the effects described so far in
volve the interaction of light with light 
in a material medium. It has been rec
ognized for some time, however, that in
teractions of intense light beams should 
occur even in a vacuum. From the 
viewpoint of quantum electrodynamics a 
vacuum is a polarizable medium with a 
refractive index slightly different from 
l. Gamma ray photons can interact in 
a vacuum to create electron-positron 
pairs, if the photons have sufficient en
ergy to make up the rest mass of the 
created particles (about a million elec
tron volts). Although optical photons, 
which have energies of only one to three 
electron volts, lack the energy to pro
duce electron-positron pairs, two optical 
photons can interact to form what is 
called a virtual pair. Such a pair can 
be observed only indirectly when they 
annihilate to yield two new photons 
with the same total energy as the 
original photons, which can go off in 
directions different from either of the 
colliding photons. This rather unlikely 
type of scattering occurs as if the re
fractive index of the vacuum under
went small changes in response to the 
presence of intense electric and mag
netic fields carried by light. Estimates 
show, however, that this scattering 
would be impossibly difficult to observe 
with existing lasers. 

The nonlinear optical experiments 
that have been performed to date have 
suggested a variety of new optical tech
niques that would be of use in spectros
copy. Beyond that, together with the 
laser they bring closer the time when 
the entire electromagnetic spectrum 
will be manipulated with the precision 
and usefulness of modern electronic and 
radio techniques. 
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ium lasers. By interacting these sources in nonlinear crystals of the 
KDP type one can obtain, by sum and difference combinations, 

more than 5,000 light sources of distinctively different wavelengths. 
Ultimately they should be useful iu spectroscopic investigations. 
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CHROMOSOME PUFFS 

These enlarged regions on the giant chromosomes found in some 

insect cells have been shown to be active genes. They probably 

produce the nucleic acid that translates the genetic information 

by Wolfgang Heermann and Ulrich Clever 

The genetic material performs two 
functions that are basic to life: 
it replicates itself and it ultimate

ly directs all the manifold chemical ac
tivities of every living cell. The first 
function is expressed at the time of cell 
division in the manufacture of more of 
the genetic material: deoxyribonucleic 
acid (DNA). The second is accomplished 
during the "interphase" between cell 
divisions; DNA directs the synthesis of 
ribonucleic acid (RNA), which in turn 
directs the synthesis of proteins, which 
as enzymes in turn catalyze the other 
reactions of the cell. In this way RNA 
translates the genetic information of 
DNA into the language of physiology 
and growth, into the everyday processes 
of synthesis and metabolism. 

As readers of SCIENTIFIC AMERICAN 
are aware, the work of elucidating 
the genetic code is now being carried 
out by investigators in laboratories 
throughout the world, largely by the 
breeding and statistical study of celtain 
bacteria and the viruses that infect 
them. In recent years our laboratory 
at the Max Planck Institute for Bi-

ology in Tubingen and several other 
laboratories have adopted somewhat dif
ferent techniques for investigating the 
relation between DNA and RNA in the 
genetic material of higher organisms
those belonging to the insect order Dip
tera, such as the fruit fly Drosophila and 
the midge Chironomus. In these insects, 
as in all higher organisms, the DNA re
sides in the structures called chromo
somes. In certain exceptionally large 
cells of Drosophila and Chironomtls we 
have found that we can actually see the 
ultimate units of heredity-the genes
at work. These active genes take the 
form of "puffs" scattered here and there 
along the giant chromosomes of the 
giant cells. We have found that the 
puffs produce RNA and that the RNA 
made in one puff differs from the RNA 
made in another. Observations of the 
puffs have also enabled us to trace the 
time patterns of gene activity in several 
tissues of developing insect larvae. Fur
thermore, by administering hormones 
and other substances we can start, stop 
and prevent some of these activities. 

The giant chromosomes were first ob-
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TIP OF A GIANT CHROMOSOME from the salivary gland of the fruit fly Drosophila 

melanogaster is shown in this diagram. The reference system helow it was devised by 

Calvin B. Bridges of the Calif<'fnia Institute of Technology. The letters and brackets above 

it mark certain sites known to be associated with specific bodily characteristics. For 

example, the "y" at left denotes the band or gene responsible for yellow body color. 
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served late in the last century, but it 
was not until 1933 that Emil Heitz and 
Hans Bauer of the University of Ham
burg recognized them as chromosomes. 
By 1933 breeding studies of the fruit 
fly had resulted in detailed "maps" on 
which genes were placed in relation to 
each other along the chromosomes. The 
genes, however, were still conceptions 
rather than physical entities, and the 
chromosomes had been recognized only 
during cell division, when they are 
coiled like a spring and present a con
densed, rodlike appearance. During in
terphase, when they are directing cellu
lar activity, the chromosomes in typical 
cells are virtually invisible because, al
though they are long, they are so thin 
that they can be seen only at the ex
tremely high magnifications provided by 
the electron microscope, a comparative
ly recent invention. 

I-I eitz and Bauer realized that giant 
chromosomes, which are clearly 

visible in the light microscope, are the 
equivalent of the interphase chromo
somes of typical cells, In the words of 
T. S. Painter of the University of Texas, 
the giant salivary-gland chromosomes 
of fruit fly larvae were "the material of 
which every geneticist had been dream
ing. The way led to the lair of the gene." 
Intensive work by Painter and others in 
the U. S., including H. J. Muller, Calvin 
B. Bridges and Milislav Demerec, soon 
identified specific characteristics of flies 
with particular loci, or bands, on the 
giant chromosomes. Since then the 
bands have been considered the mate
rial equivalent of the conceptual Men
delian genes. 

The giant chromosomes are found pri
marily in well-differentiated organs that 
are engaged in vigorous metabolic ac
tivity, such as salivary glands, intestines 
and the Malpighian tubules (excretory 

© 1964 SCIENTIFIC AMERICAN, INC



CHROMOSOME PUFFS are the protuberances on the left-hand 

portion of the giant chromosome in this photomicrograph_ Very 

PRODUCT OF PUFFS, rihonucleic acid (RNA), is reddish-violet 

when dyed with toluidine blue. Here the DNA is blue. The photo

micrographs on this page show two different specimens of the giant 

large puffs, of which two are seen, are called Balbiani rings_ Pro

tein has been stained green, deoxyribonucleic acid (DNA) brown. 

chromosome IV from the salivary gland of the midge Chirono1nlts 

tentans. Both were made at the Max Planck Institute for Biology 

in Tiibingen. The magnification in each is some 2,500 diameters_ 
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SET OF FOUR GIANT CHROMOSOMES from a cell in the sali· 

vary gland of Ch. tentans is here magnified some 700 diameters. 

The enlarged regions on two of the long chromosomes are nucleoli. 

MIGRATING GRANULES, �onsisting of ribonucleic acid and 

protein (right), are penetrating pores in the nuclear membrane 

(bottom center) in this electron micrograph. Cytoplasm of cell is 

Chromosome IV is the shortest of the four; it has a Balbiani ring. 

The banding pattern on each of the four chromosomes is visible in 

corresponding giant chromosomes from entirely different tissues. 

to left of membrane. The small particles in it are ribosomes, 

the sites of protein synthesis. The RNA in the large particles may 

be on its way to the ribosomes to act as a template for proteins. 
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organs). These tissues grow by an in
crease in cell size rather than in cell 
number. Apparently the giant cells re
quire more genetic material than typical 
cells do; as they expand, the chromo
somes replicate again and again and also 
increase in length. Along individual 
chromosome fibers there are numerous 
dense spots where presumably the struc
ture is drawn into tight folds. These lo
cations are called chromomeres. 

As the chromosome filaments in giant 
cells increase in number, those of a 

particular chromosome remain tightly 
bound together; each chromomere is 
fastened to the homologous, or match
ing, chromomere of the neighboring fila
ments. Such locations become the bands, 
which are also known as chromomeres. 
The chromosome that results from this 
growth process is said to be "polytene": 
it has a multistrand structure resembling 
a rope. At full size the giant chromo
somes are almost 100 times thicker and 
more than 10 times longer than the 
chromosomes of typical cells at cell 
division. 

The bands, which vary in thickness, 
contain a high concenfration of DNA 
and histone, a protein associated with 
DNA. The spaces between the bands, 
known as interbands, contain a very low 
concentration of these substances. It was 
discovered in 1933 that each giant 
chromosome in a set within a cell has its 
own characteristic sequence, or pattern, 
of banding and that, even more strik
ing, every detail of the pattern recurs 
with the utmost precision in the homol
ogous giant chromosome of every indi
vidual of the species. 

I n the past most cell geneticists were 
so occupied with localizing the genes 

in the salivary-gland chromosomes that 
they did not investigate the giant chro
mosomes in other tissues. Yet the pres
ence of such chromosomes in cells with 
quite different functions poses an obvi
ous challenge to the biologist interested 
in development and differentiation. It 
had long been held that every cell of 
an individual possesses exactly the same 
set of chromosomes and the same pat
tern of genes. Giant chromosomes in a 
variety of tissues provided an oppor
tunity for testing this idea, that is, for 
determining if the special metabolic con
dition or function of a cell influences in 
any way the state of its chromosomes 
and genes. For example, in spite of the 
constancy of the banding pattern found 
in salivary-gland chromosomes, the same 
chromosomes in other organs of the 
same species might present a different 
banding pattern. If this were true, the 

localization of genes in specific bands 
would lose all general meaning. 

Assertions that different tissues have 
different banding patterns were ac
tually made 15 years ago by Curt Koss
wig and Atif ,Sengun of the University 
of Istanbul. One of us (Beermann, then 
working in the laboratory of Hans Bauer 
at the Max Planck Institute for Marine 
Biology in Wilhelmshaven) checked 
these claims by a detailed comparative 
study of the banding of giant chromo
somes from four different tissues of the 
midge Chironomtls tentans. Independ
ently Clodowaldo Pavan -and Martha E. 
Breuer of the University of Sao Paulo 
carried out similar investigations on the 
fly Rhynchosciara angelae. We could 
not find any detectable variation in the 
arrangement and sequence of bands 
along the chromosomes in different tis
sues. The uniformity of chromosome 
banding lends strong support to the 
basic concept that the linear arrange
ment of the genes as mapped in breed
ing experiments corresponds to the 
pattern of the bands on giant chromo
somes. 

At the same time, however, we found 
that chromosomal differentiation of a 

very interesting kind does exist. The fine 
structure of individual bands can differ 
with respect to puffs that are in one lo
cation on a chromosome in one tissue 
and in another location on the same 
chromosome at another time or in an
other tissue. These localized modifica
tions in chromosome structure of vari
ous Diptera had been noted many years 
earlier, but their possible Significance 
was overlooked. 

The coherence of the chromosome 
filaments is loosened at the puffed re
gions. The loosening always starts at a 
single band. In small puffs a particular 
band simply loses its sharp contour and 
presents a diffuse, out-of-focus appear
ance in the microscope. At other loci or 
at other times a band may look as though 
it had "exploded" into a large ring of 
loops around the chromosome [see top 
illustrations on next two pages]. Such 
doughnut-like structures are called Bal
biani rings, after E. G. Balbiani of the 
College de France, who first described 
them in 1881. Puffing is thought to be 
due to the unfolding or uncoiling of 
individual chromomeres in a band. On 
observing that specific tissues and stages 
of development are characterized by 

INHIBITION OF PUFFING and of RNA synthesis is accomplished by treatment with the 

antibiotic actinomycin D. At top an autoradiogram of a chromosome IV of Ch. tentans 

shows the incorporation of much radioactive uridine (black spots), which takes place 

during the production of RNA, as explained in the text. Another chromosome IV (bottom) 

that had been puffing shows puff regression and little radioactivity after half an hour of 

treatment with minute amounts of actinomycin D. which inhibits RNA synthesis by DNA. 

53 

© 1964 SCIENTIFIC AMERICAN, INC



STRUCTURE OF A LARGE PUFF is diagramed. At left is a 

Balbiani ring as seen in the light microscope. Some of the fibrils 

tbat make it up are visible. Next is a drawing of the appearance of 

a few of the fibrils at very high magnification in the light micro

scope. The much greater magnification provided by the electron 

microscope (third from left) shows two puff fibrils with granules 

definite puff patterns, one of us (Beer
mann) postulated in 1952 that a par
ticular sequence of puffs represents a 
corresponding pattern of gene activity. 
At about the same time, Pavan and 
Breuer arrived at a comparable conclu
sion based on their experiments with 
Rhynchosciam. 

If differential gene activation does in 
fact occur, one would predict that genes 
in a specific type of cell will regularly 
puff whereas the same gene in another 
type of cell will not. A gene of exactly 
this kind has been discovered in Chi
ronomlls. A group of four cells near the 
duct of the salivary gland of the species 
Chironomlls pallidivittatlls produces a 
granular secretion. The same cells in the 
closely related species Ch. tentans give 
off a clear, nongranular fluid. In hybrids 
of the two species this characteristic fol
lows simple Mendelian laws of heredity. 
We have been able to localize the dif
ference in a group of fewer than 10 
bands in one of Chil'onomus' four chro
mosomes; the chromosome is deSignated 
IV. The granule-producing cells of Ch. 
pallidivittatus have a puff associated 
with this group of bands, a puff that is 
entirely absent at the corresponding loci 
of chromosome IV in Ch. tentans. In 
hybrids the puff appears only on the 
chromosome coming from the Ch. palli
divittatlls parent; the hybrid produces 
a far smaller number of granules than 
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that parent. Moreover, the size of the 
puff is positively correlated with the 
number of granules. This reveals quite 
clearly the association between a puff 
and a specific cellular product. 

Such analysis can demonstrate only 
that a specific relation exists between 
certain puffed genes and certain cell 
functions. We therefore sought to find 
a biochemical method for showing that 
puffing patterns along chromosomes are 
in fact patterns of gene activity. Ac
cording to the current hypothesis the 
sequence of the four bases that charac
terize DNA-guanine, adenine, thymine 
and cytosine-represents a code for the 
sequence of the 20 kinds of amino acid 
unit that make up a protein. Most, if 
not all, protein synthesis takes place not 
in the nucleus of the cell but in the sur
rounding cytoplasm. The DNA always 
remains in the nucleus. As a result the 
instructions supplied by DNA must be 
carried to the cytoplasm, where the 
translation is made. The carrier and 
translator of the DNA information is 
thought to be the special form of RNA 
called messenger RNA. Each DNA 
molecule serves as a template for a spe
cific messenger RNA molecule, which 
then acts as a template in the synthesis 
of a pal ticular protein. Hence what we 
have termed gene activity becomes 
equivalent to the rate of production of 
messenger RNA at each gene. 

It has been known for some time that 
chromosome puffs contain significant 
amounts of RNA. As we have noted, 
the normal, un puffed bands chiefly con
tain DNA and histone. In general the 
amount of these compounds remains un
changed in the transition from a band 
to a puff, whereas the amount of RNA 
increases considerably. The presence 
of RNA is beautifully demonstrated by 
metachromatic dyes such as toluidine 
blue, which simultaneously stains RNA 
red-violet and DNA a shade of blue. A 
great increase in the amount of RNA, 
however, is not sufficient to demonstrate 
that RNA synthesis is the main function 
of puffs. For one thing, some dyes show 
that a protein other than histone ac
cumulates in the puffs along with RNA. 
Perhaps it too is made there. 

In order to find out if RNA is the major 
puff product, Claus Pelling of our 

laboratory employed the technique of 
autoradiography. His "tracer" was uri
dine, a substance the cell tends to use to 
make RNA rather than DNA, that had 
been labeled with the radioactive iso
tope hydrogen 3 (tritium). He injected 
the uridine into Chiro11011WS larvae, 
which he later killed. When giant cells 
from the larvae were placed in contact 
with a photographic emulsion, the ra
dioactive loci in their chromosomes 
darkened the emulsion [see illustration 
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that are helieved to be messenger RNA 

produced hy the genes. In particularly small 

puffs the loops cannot actually be ohserved. 

on page 53]. In every case in which 
Pelling killed the larvae soon after in
jection, sometimes as quickly as two 
minutes afterward, only the puffs, the 
Balbiani rings and the nucleoli were 
labeled. (Nucleoli are large deposits 
of RNA and protein that are formed 
in . all types of cells by chromosomal 
regions known as nucleolar organizers. 

� . ...
.
.. ' . .  � 

SCHEMATIC REPRESENTATION of how a large puff is formed shows fibrils untwisted 

and "popped out" of the cable·like structure. A giant chromosome in reality contains 

thousands of fibrils. Those untwisted here are tightly coiled when in the form of bands. 

Presumably they are involved in the 
formation of ribosomes, which are the 
sites of protein synthesis in the cyto
plasm.) The rest of the chromosomal ma
terial and the cytoplasm showed very 
little radioactive label until long after 
the injection. 

When the preparations were treated 
with an enzyme that decomposes RNA 

before placing them in contact with the 
emulsion, the label was absent. Pel
ling demonstrated further that the rate 
of RNA synthesis is closely correlated 
with the relative size of the puffs. The 
administration of the antibiotic actino
mycin D, a specific inhibitor of any 
RNA synthesis that depends directly on 
DNA, stopped the formation of RNA. 

DIFFERENTIAL GENE ACTIVATION occurs on homologous, or 
matching, chromosomes of Chironomus. Four salivary-gland cells 

in the species Ch. pallidivittatus (le/t) produce granules (colored 

stippling). The species Ch. tentans (center) makes no granules. 

Chromosome IV from the four granule-producing cells (at left 0/ 

cells) has a puff at one end (color), whereas the same chromosome 

from other cells (lower left) of the same gland and from all sali

vary-gland cells of Ch. tentans have no puff there. (In each case 

the chromosome inherited from hoth parents is shown.) Hybrids 

of the two species (right) have a puff only on the chromosome 

from the Ch. pallidivittatus parent in the four granule-producing 

cells. As indicated in the drawing, they make far fewer granules. 
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ADENINE GUANINE CYTOSINE URACIL 

CYTOPLASM 

NUCLEOLI 

CHROMOSOME IV, 
MIDDLE SEGMENT 

CHROMOSOME IV, 
END SEGMENT 

29.4 

30.6 

38 

31.2 

22.9 

20.1 

20.5 

22 

22. 1 25.7 

22.1 27.1 

24.5 17.1 

26.4 20.2 

RNA'S FROM VARIOUS REGIONS of salivary.gland cells of Chironomus differ from 

one another in percentages of the four RNA bases. The RNA from each place was decom· 

posed by an enzyme and the bases were then separated by electrophoresis on rayon 

threads. Samples from chromosome IV differ widely from nucleolar and cytoplasmic RNA's. 

This proved that the synthesis was tak· 
ing place at the site of the DNA in 
the chromosome. All these results agree 
with the assumption that the pattern of 
puffing along chromosomes is a quanti
tative reRection of the pattern of syn
thetic activities from gene to gene. 

The protein in the puffs, in contrast 
to RNA, takes up little or no radioactive 
material if we inject the larvae with 
radioactively labeled leucine or another 
labeled amino acid. The labeled protein 
always appears first in the cytoplasm 
and does not reach the chromosomes for 
at least an hour. One of us (Clever) ob
tained the same result when he injected 
labeled leucine together with the hor
mone ecdysone, which elicits puffing at 
several sites in a short time. We have 
concluded, therefore, that the puff pro
tein is made elsewhere than in the chro
mosome. Probably some of this protein 
is the enzyme RNA polymerase, which 
presides at the synthesis of RNA. 

I n order to learn if the RNA made in 
the puffs is messenger RNA, we col

laborated with Jan-Erik Edstrom of the 
UniverSity of Goteborg in Sweden. He 
has developed an elegant microelectro
phoretic technique that makes it possi
ble to determine the base composition of 
very small amounts of RNA. He applies 
RNA that has been decomposed by an 
enzyme to moist rayon threads, which 
are then laid between two electric poles. 
Thereafter the different bases move dif
ferent distances along the threads in a 
given time. Their quantities can be de
termined by photometry and their rela
tive proportions established. We made 
separate analyses of the proportions of 
bases in RNA's from various parts of 
the salivary-gland cells of ChirorlOmtls, 
including the cytoplasm, the nucleoli, 
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the entire chromosome I and the three 
large Balbiani rings of chromosome IV. 
This involved, among other things, cut
ting several hundred IV chromosomes 
into three pieces. The base compositions 
of all these RNA's differ from one an
other. The RNA's of the cytoplasm and 
the nucleoli appear to be nearly identi
cal, but both differ from the RNA of the 
entire chromosome I and particularly 
from the RNA of puffs. In addition, 
there are slight but significant differ
ences among the RNA's of the three 
Balbiani rings. One conclusion is that 
puff RNA certainly represents a special 
type of RNA. Is it therefore messenger 
RNA? An unusual feature of its base 
composition suggests that it is. 

The RNA of salivary-gland chromo
some puffs consistently contains more 
adenine than uracil-twice as much in 
the case of one Balbiani ring. (RNA 
contains uracil in place of the thymine 
in DNA.) Deviations from a one-to-one 
ratio are also found with respect to 
guanine and cytosine. In typical DNA 
the ratios of adenine to thymine and 
of guanine to cytosine invariably equal 
one because the bases are paired in the 
double-strand helix of the DNA mole
cule. RNA, being single-stranded, is not 
subject to this rule. In the case of mes
senger RNA, however, if one assumes 
that both strands of DNA make comple
mentary copies of RNA, the ratios of 
adenine to uracil and guanine to cyto
sine should also be one. Most investiga
t;)rs confirm this expectation. Our data, 
on the other hand, strongly suggest that 
puff RNA is a copy of only one DNA 
strand. This appears to us to be a more 
reasonable way to make messenger 
RNA, since in protein synthesis only one 
of the two putative RNA copies of dou
ble-strand DNA could serve as a tem-

plate. Messenger RNA fractions similar 
in composition to ours have now been 
discovered in other organisms. 

Evidence for the physical movement 
of our messenger RNA has been found 
recently in electron micrographs of sec
tions through the Balbiani rings that re
veal the presence of ribonucleoprotein 
(RNA and protein) particles. In other 
electron micrographs such particles are 
seen Roating freely in the nuclear sap 
and through pores in the nuclear mem
brane [see bottom illustration on page 
52]. They break up in the cytoplasm. 
We believe these particles carry the 
messenger RNA to the ribosomes, where 
it would serve as the template for the 
synthesis of proteins. 

I n the hope of delineating at least some 
of the forces that control the behavior 

of genes, one of us (Clever) set out to 
learn about the conditions under which 
puffs are produced or changed. Since 
insect metamorphosis has been studied 
rather fully, a good starting point 
seemed to be the changes of the puff 
pattern in the course of metamorphosis. 

Insect metamorphosis is the transfor
mation from the larva to the adult. In 
the higher insects, to which the Diptera 
belong, it begins with the molting of the 
larva into the pupa and ends with the 
molting of the pupa into the imago, or 
adult. The moltings are caused by the 
hormone ecdysone, which is produced 
by the pro thorax gland located in the 
thorax. So far this is the only insect hor
mone that has been purified. Because 
ecdysone affects single cells directly, in
jection of it induces changes related to 
molting in all cells of the insect body. 

First we examined the time relation 
between the changes in puffing of in
dividual loci and the metamorphic proc
esses in the larvae. In the great majority 
of the puffed loci in the salivary glands, 
phases in which a puff is produced 
alternate with phases in which a puff 
is absent [see illustration on opposite 
page]. Some of the phases of puff forma
tion have no recognizable connection 
with the molting process. Other puffs, 
however, appear regularly only after the 
molting of the larva has begun; some at 
the start of molting, others later. Ap
parently these chromosomal sites par
ticipate in metabolic processes that take 
place in the cell only during the molt
ing stage. Finally, a third group of 
puffs, which are found in larvae of all 
ages, always become particularly large 
during metamorphosis. This indicates 
that some components of the metabolic 
process not specific to molting are in
tensified at that time. 
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Further experiments and observations 
have given some indication of how ecdy
sone regulates the activity of single sites 
during molting. In the first place, the 
hormone not only initiates the process; 
it must also be present continuously in 
the hemolymph, or blood, of the insect 
if molting is to continue. The secretion 
of ecdysone may stop for a time in 
Chironomus larvae that had begun to 
molt. In such larvae all the puffs char
acteristic of molting are absent, which 
shows that the hormone controls the 
pattern of gene activity specific to molt
ing. Hans-Joachim Becker of the Univer
sity of Marburg confirmed this by knot
ting a thread around Drosophila larvae 
at the start of metamorphosis so that the 
prothorax gland and part of the salivary 
gland were in front of the knot and an
other part of the salivary gland was be
hind it, cut off from the prothorax secre
tions. After a time he killed the larvae 
and found that the puff pattern of meta
morphosis was absent in the salivary
gland cells behind the knot but present 
in cells in front of it. 

In detail ecdysone affects the puffs in a 

variety of ways. If we inject the hor
mone into Chironomus larvae, most of 
the puffs do not react until long after
ward. For some the interval is a few 
hours, for others one or more days, and 
this is independent of the quantity of 
ecdysone. Two puffs, on the other hand) 
appear quite soon after the injection of 
ecdysone into larvae that have not be
gun to molt. One puff arises in 15 to 
30 minutes at locus 18-C of chromosome 
I, the other in 30 to 60 minutes at locus 
2-B of chromosome IV. These are the 
earliest observable gene activations pro
duced so far by the administration of 
ecdysone. At both loci the higher the 
dosage of hormone, the longer the puffs 
last. The injection of more hormone 
slows the regression of the puffs at both 
loci, and if ecdysone is injected after 
the puffs have regressed, they swell up 
again. From this we conclude that the 
cause of puff regression is the elimina
tion of the hormone. 

The two loci exhibit different reac
tion thresholds. At locus 18-C on chro
mosome I a minimum ecdysone concen
tration of about 10.7 microgram (one 
ten-trillionth of a gram) per milligram 
of larval weight is required to induce 
puffing. The locus 2-B on chromosome 
IV reacts only to about 10-6 microgram 
per milligram of larval weight. In these 
concentrations there can be no more 
than 100 ecdysone molecules at each of 
the chromosome strands in a puff, as
suming that each giant chromosome 
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SEQUENCE OF PUFFING at four sites (A, B, C, D) of one chromosome in the salivary 

gland of Ch. tentans is diagramed. Some bands that do not puff are also shown. Start· 

ing from the top, the changes occur before and during the molt that begins pupation. 
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INDUCED PUFFING follows injection of the hormone ecdysone at locus 18·C of chromo· 
some I in Ch. tentans (solid curves) and locus 2·B of chromosome IV (broken curves). 

Upper diagram shows time schedule of puffs, lower diagram the relation of puff size to 
quantity of hormone. Dosage is in micrograms per milligram of total weight of larva. 
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NORMAL PUFFING SEQUENCE at loci 18·C of chromosome I (solid curve) and 2·B of 
chromosome IV (broken curve) follows a schedule different from that of induced puffing. 
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consists of 10,000 to 20,000 single 
strands and that the hormone is distrib
uted evenly throughout the larva. The 
puff at locus 2-B attains maximum size 
at a lower concentration than that at 
locus IS-C. 

By applying these findings to a rec
ord of the growth and change of the 
two sites during normal molting, we 
find that the hormone level apparently 
increases gradually during metamor
phosis. Thus the different activity pat
terns of these two loci can be explained 
as responses to the same factor: the 
changing hormone concentration. 

In the case of locus 2-B, however, 
ecdysone is not the only active agent. 
The puff at this locus begins to regress 
during the second half of the prepupal 
phase (the last larval stage before pu
pation) even though the puff at locus 
IS-C persists to the end of the phase. 
In larvae that are ready to pupate, the 
puff at locus 2-B has usually regressed 
altogether. Yet when we inject hemo
lymph from these prepupae into young 
larvae, puffing is induced both at locus 
IS-C and locus 2-B. The former puff is 
quite large, which indicates that the 
hemolymph from the older larvae still 
contains ecdysone in high concentration. 
Evidently in these larvae, although not 
in their hemolymph, there is an antago
nistic factor that actively represses puff
ing at locus 2-B in spite of the presence 
of ecdysone. This demonstrates that in 
higher organisms the activity of genes 
falls under the control of more than one 
factor. 

Whereas gene activity at the loci IS-C 
and 2-B is subject to stringent regula
tion by very specific factors, other tests 
show that later puffs elsewhere are not 
the result of changes in the concentra
tion of ecdysone. Rather they behave in 
an all-or-nothing manner that appears to 
depend on the duration and size of puff
ing at the two sites of earliest reaction. 

We know nothing as yet about the 
mechanism by which the hormone 

regulates the genes. We are not even 
certain of the exact point of action of 
the hormone, although we would like to 
believe that it is the gene itself. The 
induction of puffing can be prevented 
with inhibitors of nucleic acid metabo
lism such as actinomycin or mitomycin, 
but inhibitors of protein synthesis, such 
as chloramphenicol and puromycin, have 
no apparent effect on the puffing. Thus 
ecdysone does not seem to act through 
the stimulation of protein synthesis in 
the cytoplasm, or to depend for its 
action on this synthesis. Only further 
investigation will solve such problems. 
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�@@l®lli advertises: 

an emulsion fine-grained enough to be a subject for electron micrography itself • • • decent-sized 

color prints in 8 minutes • • •  the work of moonlighting astronomers 

A work of art 

...... cytoplasm 

This electron micrograph at 30,000X of a salamander cell in 
which the nuclear DNA has been tritium-labeled may look to 
artists like nothing but science, though scientists will recognize 
it as a work of art. Note the delicacy of those dense specks over 
the nucleus. Each marks the final resting place of a ,,-particle, 
delineated in a new KODAK Nuclear Track Emulsion, Type 
NTE, which has been coated over the tissue section. This new 
medium much reduces error in locating the organelle whence 
came the "-particle. The artists who did us the honor of pio
neering this medium were Dr. Miriam M. Salpeter and Dr. 

Luis Bachmann, their atelier the Department of Engineering 
Physics of Cornell University, their sponsor the U. S. Public 

Health Service. In fulfilment of their role as scientists, they 
have prepared a detailed description of the technique. Any 
other scientist who then does it exactly the same fails his role 
as an artist. 

For those details, write Eastman Kodak Company, Special Sensi
tized Products Division, Rochester, N. Y. 14650. May the marriage 
of autoradiography and electrol/ micrography prosper! 

A place for art and a place for hot water 
Since just about any labora
tory that ever undertakes 
photomicrography, metal
lography, or makes any oth
er use of decent-sized color 
photographic prints would 
be embarrassed to have to 
explain undue delay in ac
quiring at least one of these 
devices, we had better ex
plain what it does. 

1t converts a sheet of KODAK EKTACOLOR Professional Paper 
into an II" x 14" color print in less than 8 minutes after leaving 
the enlarging easel. Using well under a dollar's worth of proc
essing chemicals. And an operator who perhaps learned only 
the same morning of his interest in darkroom artistry. Who 
proceeds to deliver even and more reproducible results than 
can be expected from many high-rent square yards of work-

space occupied by big trays. Because the drum spins at 200 
ft/min. Whipping a homogeneous film of fresh solution over 

the print. Which is held stationary by the nylon net blanket. 
Pictured below rolled up as furnished. Along with the thermom
eter. For checking the hot water. That flows into the drum to 
keep it at 100°F. So that only 2Y2 minutes suffices for devel
opment. Followed by a tilt of the tray to dump the 4 ounces of 
developer. And 4-oz. chasers of each of the four other solu
tions. Punctuated by shots of plain water. With full roomlight 
permissible for 4\.-2 of the 8 minutes. And that's about all there 
is to the perfect processing of an 11" x 14",8" x 10", or pair of 
4" x 5" color prints. When enjoying the freedom of choice in 
number and size of prints that the color-negative method 
leaves open to you. 

Camera shops all across the country are asking less than $200 for 
this KODAK Rapid Color Processor, Model 11. No, a digit has not 
been dropped through typographical error. 

Where it's a little warmer 
Price !'Jubjec/ to change 

without notice. 

Policemen often moonlight. Many male schoolteachers moon
light. Work by the light of the moon to supplement one's in
come can be honorable, stimulating, and even necessary. 
When an astronomer (whose professional concerns encompass 
moonlight) wants to moonlight, he acquires some KODAK 
]RTRAN 4 Optical Material from Apparatus and Optical Divi
sion, Eastman Kodak Company, Rochester, N. Y. and fabri
cates it into a small converging lens. This transmits infrared 

from 1 to 201-', a band wherein falls nearly all the energy emit
ted by sources around 300oK. Knowing that the human epider
mis is normally a 3100K emitter, he builds the lens into a 
portable instrument for measuring temperature variation over 
small epidermal areas without actual contact and the error so 
introduced. He arranges for the lens to image a small area on a 
thermistor in a bridge circuit with microammeter. The lens 
makes the response independent of exact distance. 

After permitting use of this instrument in clinical practice 
for several months, the moonlighting astronomer sounds like 

this: 

A female who had Raynaud's disease was scanned 5 days 
after 2 fingers had been amputated to the first joint. At the 
site of amputation the indicated temperature was lower than 
2 cm back from the end of the wound. The surgeon wouldn't 
use a skin thermometer for fear of causing an infection in the 
open wound. 

A female presented herself with a small mass at the outer 
quadrant of the right breast; palpable with difficulty. It 
showed a O.7°F rise in the area. She was hospitalized and a 
biopsy performed. An adenocarcinoma was found and re
moved. 

An elderly male with a deformed, ulcerated lesion of the 
right ear cartilage was examined. An O.5°F increase over the 
involved area was noted. It was resected and a basal cell car
cinoma was found. 

A female came in with psoriasis which gave rises of about 
J OF over the involved areas. It was inflamed. It is notable that 
temperature elevations are not obtained over static cases of 
psoriasis. 

A J 7-year-old female with a soft mass in the left breast pre
sented herself. The reading was O.5°F cooler than the sur
rounding tissue. One week later surgery showed that it was 
benign. 

A male was burned on the right leg. The leg was bandaged. 
On the third day an elevation in body temperature was noted, 
suggesting an infection. On scanning the bandage a reading 
at the knee showed a 2°F rise. On removal of the bandage the 
infection site was verified. 

From astrol/omy to medicil/e and \Vhat new direction the story takes 
may be up to you. Best bet, if curious, is to get in touch directly with 
The Dudley Observatory (Chartered 1852),140 South Lake Avel/I/e, 
Albany, N. Y. 
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Prediction Confirmed 

T
he recent discovery of the omega
minus particle at the Brookhaven 
National Laboratory fulfills per

haps the most remarkable prediction to 
be made in high-energy physics in more 
than two decades. The new particle, the 
symbol for which is Q-, was predicted 
to satisfy the theoretical requirements of 
a concept known formally as "SU(3) 
symmetry" and informally as the "eight
fold way." The concept was developed 
independently in 1961 by Murray Gell
Mann of the California Institute of 
Technology and Yuval Ne'eman of Tel 
Aviv University. The eightfold way was 

SCIENCE AND 
described in detail in the February issue 
of SCIENTIFIC AMERICAN (see "Strongly 
Interacting Particles," by Geoffrey F. 
Chew, Murray Gell-Mann and Arthur 
H. Rosenfeld) . 

The omega-minus particle was re
quired by the eightfold way to complete 
a supermultiplet, or superfamily, of 10 
particles that share certain basic charac
teristics. Members of a supermultiplet 
must have the same spin angular momen
tum (J) and the same parity (P): two 
of the seven quantum numbers, or physi
cal quantities, associated with strongly 
interacting particles. These are the par
ticles, now numbering more than 80, 
that interact through the strong, or nu
clear, force, which is responsible for the 
binding of particles in atomic nuclei. 

Members of a supermultiplet have dif
ferent values of mass, electric charge 
(Q), hypercharge (Y) and isotopic spin 
(1). The values of these various proper
ties for the decuplet including the 
omega-minus particle are shown in the 
illustration on the opposite page. The 
arrows indicate how the system of sym
metries postulated in the eightfold way 
connects particles with different values 
of mass, Q, Y and I. It will be noted that 
the three groups of multiplets making 
up the bottom of the pyramid-the delta 
(A) quartet, the sigma (L) triplet and 
the xi (S) doublet-are separated in 

p 

e+ 

e-

11 

Bubble-chamber photograph 0/ production 0/ omega minus (left) and map 0/ events 
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THE CITIZEN 
mass by about 145 million electron volts 
(Mev). It was predicted by Cell-Mann 
and Susumu Okubo of the University of 
Rochester that the omega minus should 
be heavier than the xi doublet by ap
proximately the same amount, leading to 
a predicted mass of 1,676 to 1,680 Mev. 

The search for the omega minus was 
begun at Brookhaven last summer by a 
team of investigators headed by Ralph 
P. Shutt. Nicholas P. Samios was in di
rect charge of the experiment, which 
ultimately involved a staff of 31 other 
professional workers. The principal ele
ments in the experiment were the 33-
billion-electron-volt alternating-gradient 
synchrotron and the recently complet
ed 80-inch liquid-hydrogen bubble 
chamber. 

Pro�ons from the synchrotron were 
used to produce a beam of negative K 
mesons. Every few seconds a carefully 
isolated beam of about 10 K mesons was 
allowed to enter the bubble chamber, 
and the interaction of the beam with 

y 
-2 0 • 
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MASS (MEV) 

1,676 
PREDICTED 

1,530 

1,385 

1,238 

Scheme that predicted particle 

New G-E glow lamp circuit 

reduces cost of 

120V 

60c 

SCR power control 

Here's a tiny General Electric glow lamp, 

SWITCH 
FOR 

FULL 
POWER 

the NE-83, that can save you up to 30� over conven

tional means-with no sacrifice in performance. The 

glow lamp half-wave control circuit shown above will 

fire and control between 50 and 1650 of the full 1800 

half cycle. It can handle the job of controlling power 

into resistive loads for many applications. A few possi

ble applications are: variable speed control on mixers, 

low-torque sewing machines, hand tools and blenders

and as a simple, lamp-dimming device. If you'd like to 

know more about the NE -83 .....,.;;;�- and this 

new power control application, write today for Bulletin 

3-3474. General Electric Company, Miniature Lamp 

Department M-46, Nela Park, Cleveland, Ohio 44112. 

� ... ", / ,-on/ 
YAI;IIE 

Progress Is Ovr Mosf Imporfanf 'Prot/vcf .. 

GENERAL fI ELECTRIC 
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AND A CENTRAL LOCATION 
THAT SPEEDS DELIVERY AND 
CUTS DISTRIBUTION COSTS 
If you are considering new plants or 
research facilities, write for an outline 
of Tennessee's industrial advantages. 

Illustrated data includes details on 
Tennessee's 24 research centers and 47 
colleges and universities, industrial con
struction costs as low as $5.50 per square 
foot with air-conditioning throughout, local 
financing plans, water and electric power, 
labor supply and skills, transportation, 
taxes, cities and towns, plant location 
services, etc. 

Replies confidential. Please use letter
head or include firm's name in coupon. 

TENNESSEE 
DIVISION FOR INDUSTRIAL DEVELOPMENT 

----- Office of the Governor -----.., 
H·257 Cordell Hull Bldg. Nashville, Tenn. 
Please send Tennessee Industrial Data. 

NAME _____________ _ 

FIRM _____________ _ 

ADDRESS ____________ _ 

CITY'STATE ___________ _ 

�----------------------------
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the protons (hydrogen nuclei) in the 
chamber was photographed. After sub
jecting 100,000 photographs to analysis, 
the Brookhaven workers found two 
events that could be identified as the 
production of omega-minus particles. 
The first bubble-chamber photograph 
containing an omega minus is repro
duced at the left on page 60. To its right 
is a diagram identifying the various par
ticles created in the reaction. 

A K- particle enters from the bottom 
of the photograph and reacts with a 
proton to form the omega minus (Q-), 
a K+ and an invisible KO. The omega 
minus decays in about 10-11 second into 
a So and a 71"-. The So, which leaves no 
tracks, decays into a A ° and a 71"0 (not 
labeled), which also leave no tracks. 
The 71"0 decays almost instantly into two 
gamma rays (Yl and yz), each of which 
produces an electron-positron pair. The 
electron (e-) and positron (e+) arise 
at a common point and curve sharply 
away from each other. The AO decays 
into a proton (p) and a 71"-. 

A careful analysis of the track lengths 
and curvatures makes it possible to esti
mate the momentum carried by each 
particle in the reaction. From these cal
culations the mass of the omega minus 
was computed to be 1,686 ± 12 Mev, a 
figure that straddles the predicted value. 

Open Windows 

Fears that radio signals generated by 
man would close all the radio astron

omer's windows on the universe have 
been partly allayed by a decision of 
the International Telecommunications 
Union. Meeting in Geneva, delegates 
from 70 nations voted to reserve 13 
channels of the radio spectrum for radio 
astronomy, although some would have 
to be shared with the communication 
systems of weather and navigation serv
ices and meteorological satellites. The 
Federal Communications Commission 
has also helped by reserving the ultra
high-frequency television channel 37 for 
radio astronomy for 10 years. The chan
nel extends from 606 to 614 megacycles 
per second, an important range of fre
quencies for certain astronomical studies. 

At the international meeting, accord
ing to a report in Sky and Telescope, 
representatives of the eastern European 
nations agreed to stop using for radio 
communication the band lying athwart 
the frequencies from 1,400 to 1,427 
megacycles. Other countries had already 
done so. These frequencies correspond 
to the 21-centimeter radio waves emitted 
by un-ionized hydrogen in space. 

Radio astronomers still do not find the 

situation completely satisfactory. The 
band from 1,664.4 to 1,668.4 mega
cycles, for example, extends across the 
recently discovered faint signals emitted 
by hydroxyl (OH) ions in space. The in
ternational body has earmarked it for 
astronomy, but its decisions are not 
binding and 26 nations are using the 
band for communication. 

The Inter-Union Committee on Fre
quency Allocations for Radio Astronomy 
and Space Research Services, an inter
national scientific body, had asked that 
16 channels be reserved for radio astron
omy. Of the three not granted in Geneva, 
the band between 326.4 and 328.4 mega
cycles is the most significant; it blankets 
the wavelength that would, if it could 
be detected, be emitted by deuterium 
( hydrogen 2) in space. 

Ultraviolet Eye 

An optical organ in the horseshoe 
crab, the function of which has 

heretofore been a mystery, has been 
found to be a receptor of ultraviolet 
radiation. The evidence for this conchl
sion is presented in Proceedings of the 
National Academy of Sciences by George 
Wald and James M. Krainin of Harvard 
University and the Marine Biological 
Laboratory in Woods Hole, Mass. 

Most animals with eyes at the sides 
of their heads have another "eye"-or 
several of them-in the middle. In verte
brates this median eye exists only as a 
"pineal body" that in nearly all species 
is within the brain; it is at most a vestig
ial sense organ. In the horseshoe crab 
(Limulus) and many other arthropods, 
however, the median eye takes the form 
of two "ocelli," each of which has a lens 
and a retina. The retina has seemed too 
coarse-grained and the lens too rudi
mentary to allow for true image vision; 
exposing the ocellus to light was known 
to evoke an electrical response in the 
nerve fibers of the organ but no identi
fiable behavioral response. 

Wald and Krainin worked with young 
horseshoe crabs in which the ocelli are 
about half a millimeter in diameter. 
Each ocellus has a retina with 50 to 80 
receptor cells, and each receptor ends in 
a nerve fiber; the fibers fuse to form a 
single nerve that is connected to the 
brain. The investigators measured the 
sensitivity of the ocellus and the much 
larger compound eye of the horseshoe 
crab at various wavelengths by record
ing the electrical response to radiation 
of these wavelengths. 

The sensitivity of the ocellus, they 
found, is concentrated in the near ultra
violet, with a major peak at a wave-
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SAAB beats seven Fords in 1964 Monte Carlo! 

Sweden's SAAB this year 

again proved its remarkable 

performance superiority in 

the legendary Monte Carlo 

Rally-84 hours and 2,700 
miles of the toughest tests 

any car can be expected 

! to endure. 

For the third year in a row, Erik Carlsson brought his 
red 5-passenger SAAB home first in its class. Close 

behind in another SAAB, Pat Moss Carlsson, his wife, 

finished first among all women drivers and won the 

Women's Trophy for the fourth time. 

Matched against 297 of Europe's most powerful 

sports cars and superpowered Fords and Chryslers, 

the two SAABs confirmed what SAAB owners around 

the world already know. 

There are many good reasons why SAAB consistently 

performs so well-in or out of competition. Engine 

power is applied directly to the front wheels: every 
stroke is a power stroke, and you get amazing traction.* 

SAAB has a near-perfect center of gravity for flatter 

cornering. Two separate hydraulic braking systems. 

And the durability and high efficiency of the SAAB 

engine mean more miles with minimum maintenance. 

Go to your nearby SAAB dealer and test drive the car 

that repeatedly wins at Monte Carlo. Only $1,895 (p.o.e.) 
"'Engine. transmission and differential warranted for 2 years or 24,000 miles. 

SAAB 
NEW YORK . NEW HAVEN . DENVER . JACKSONVILLE 

WORLD'S ONLY CAR ENGINEERED TO AIRCRAFT STANDARDS 
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There 
are 

two ways 
to solve 

every 
problem ... 

The hard way, and the easy way. For 
example, if there's a chemical involved 

in the products you make, buy or sell, 

chances are it can be changed for the 

better through isocyanate chemistry . •  

With isocyanates, we can: Increase mo

lecular weight, modulus, melting point, 

resistance to heat and solvents; block 

off undesirable end groups or side 

chains in polymers; reduce crystalliza

tion tendencies; impart non-adhering 

properties; add hydrophobic or biologi

cally-active groups; and generally tailor

make chemical structures to your order. 

• You can find the answers to most of 

these puzzles yourself-if you work at it. 

That's the hard way . •  Or, you can take 

the easy way out and drop us a line. 

MOBAY CHEMICAL 
COMPANY 
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Specialty Chemical Sales 
Code SA·4, Pittsburgh 5, Pa. 

length of 360 millimicrons. There is a 
secondary but much lower peak at 530 
millimicrons, about the same as the 
major peak of the compound eye. Ap
parently each of the peaks is associated 
with a different visual pigment. 

The response of the horseshoe crab's 
compound eye continues as long as the 
stimulus light remains on, but the re
sponse of the ocellus falls back almost 
to zero soon after it is stimulated. This 
suggests that the ocellus is a receptor 
primarily concerned with Signaling a 
sudden increase, rather than a decrease, 
in ultraviolet illumination. Wald and 
Krainin do not know what behavioral 
purpose the response serves, but they 
point out that in the water flea Daphnia 
magna behavior patterns associated with 
vertical migration are governed by the 
ocelli and are particularly sensitive to 
violet and ultraviolet radiation. 

Life from a Lava Bed? 

S tudents of the origin of life have in 
recent years synthesized various 

organic compounds from substances 
thought to have been present in the 
primordial atmosphere of the earth. To 
make the reactions go they have used 
such strong sources of energy as elec
tric discharges, ultraviolet radiation and 
gamma rays. Now Sidney 'vV. Fox and 
Kaoru Harada of Florida State Univer
sity have succeeded in synthesizing 
amino acids in a "postulated primitive 
terrestrial atmosphere" with heat alone. 
The temperatures they employed (about 
1,000 degrees centigrade) can normally 
be found only in volcanic regions but 
are energetically weak compared with 
the sources used earlier. Whereas elec
tric discharges have produced eight 
different amino acids, the method of 
Fox and Harada, as described in 
Nature, has yielded at least 13. 

To test their "thermal theory of 
biochemical origins," Fox and Harada 
bubbled the gas methane, which is 
composed of carbon and hydrogen, 
through a water solution of ammonia, 
composed of hydrogen and nitrogen. 
The three elements are the sole con
stituents of most amino acids. Fox and 
Harada passed the resulting mixture of 
methane and gaseous ammonia into 
reaction tubes containing a solid, such 
as silica gel, quartz sand, volcanic sand 
or alumina, which had been heated to 
between 900 and 1,100 degrees C. The 
solids selected are common in the crust 
of the earth. After leaving the reaction 
tube the gas was absorbed in an am
monia solution and kept at 75 degrees 
in a sealed bottle for 35 hours. Evapora-

tion, treatment of the residue with 
acid and another evaporation left vari
ous quantities of the amino acids. 

In a second paper in Nature Fox de
scribes a step toward linking the amino 
acids into proteins. He set up a model 
of a hot, dry lava bed by placing a 
mixture of amino acids in a depression 
in a piece of lava. This he held at a 
temperature of 170 degrees in the open 
air of the laboratory for three to four 
hours. The amino acids formed a vis
cous amber liquid. To simulate rain or 
tide he washed the stone with boiling 
sterilized water. After the water had 
cooled he recovered from it large num
bers of tiny spherical particles. These 
turned out to be made up of amino 
acids strung together in chains. The 
temperatures chosen for this experi
ment, Fox notes, are found within a few 
inches of the surface of lava flows from 
active Hawaiian volcanoes. 

Transpacific Telephone 

The first telephone cable to be laid 
across the Pacific Ocean is now in 

service. Together with a transatlantic 
cable laid in 1961 and a chain of micro
wave relay stations across Canada, it 
completes a 16,000-mile circuit from 
London to Sydney, Australia. A second 
cable, now being laid between Hawaii 
and Japan by the American Telephone 
and Telegraph Company, will go into 
service this summer. 

Long-distance telephony by cable, 
which is not affected by the variations 
in the ionosphere that often interfere 
with radio transmission, was made pos
sible only some 10 years ago by the 
development of small, highly reliable 
repeaters that are spaced along the 
cable to amplify the signal. The cable 
now operating runs from Vancouver to 
Sydney by way of Hawaii, Fiji and New 
Zealand, its 318 repeaters spaced 20 
miles apart in shallow waters and 30 
miles apart in the deep ocean. 

Telephone signals are sent over the 
cable on two bands of frequencies: from 
60 to 300 kilocycles per second in one 
direction and from 360 to 608 kilocycles 
in the other. Each of these bands accom
modates five narrower bands 48 kilo
cycles wide, each of which can carry 16 
telephone channels. The cable can thus 
carry 80 conversations Simultaneously. 
Whereas earlier telephone cables were 
wrapped with steel wire, the new cable 
is covered only with polyethylene. Ten
sile strength is provided by a central 
core of wire; the result is a cable that 
weighs only a fifth as much as a com
parable armored strand. 
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Take a look at our 1964 line. 

You'll have to use a 20-power microscope. 
Fairchild's new microcircuits are no 

bigger than this: •. Yet each one is a com
plete electrical circuit that takes the place 
of 15 transistors, 21 resistors and almost 
4 feet of wiring. 

It does the same job as last year's model. 
Except it needs 80 % less power to do it. 

This means that the power sources in 
America's satellites and space probes can 
now be made smaller, weigh even less than 
ever before. Commercial computer manu-

facturers, too, are discovering the new 
applications-and new efficiency-of 
Fairchild microcircuits. 

Could your company profit from them? 
It's worth a close look. 
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SEMICONDUCTOR 
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THE SOLAR WIND 

Comet tails and other phenomena indicate that a thin, ho� 

gas of solar particles fio,vs past the earth at supersonIC 

of the sun speeds. This gas IS simply the expanding corona 

by E. N, Parker 

A 
swift wind of hydrogen blows his theoretical scheme of looped and 

- continuously through- the" solar spiral paths did'look like patterns seen in 
system, Emanating from the sun, the aurora, but this resemblance turned 

it speeds past the earth at 400 kilometers out to be a coincidence; nothing else in 
per second (about 900,000 miles per his theory worked, To this day there is 
hour) and rushes on past the planets still no complete theory explaining how 
into interstellar space, Like a broom, it the solar wind produces the aurora, al
sweeps up the gases evaporated from though some interesting ideas are 'oegin
planets and comets, fine particles of ning to,devdop, The fact remains, how
meteoritic dust, and even cosmic rays, - ever, that Birkeland and Stprmer were 
It is responsible for the outer portions on the right track and started an im
of the Van Allen radiation belts around portant new line of thinking by calling 
the earth, for auroras in the earth's af- attention to tlie 'possIbility of charged 
mosphere and for terrestrial magnetic particles coming from the sun, 
storms, It may even playa parf"iti §nap- ,� 

ing the general pattern of the earth's 
weather. 

Magnetic Storms 

The existence of this solar wind, 
which had long been suspected, has now 
been verified by space vehicles, They 
have measured its velocity ancl density, 
And studies of another kind have un
raveled the mystery of its origin and 
given us an understanding ,of its effects, 

The realization of the solar wind's 
existence came only gradually, over a 
period of several decades, The first ex
plicit assertion that something besides 
light was coming to the earth from the 
sun was made in 1896 by the Norwe
gian physicist Olaf K. Birkelarid, He 
suggested that the aurora borealis might 
be caused by electrically charged "cor
puscular rays" shot from the sun and 
"sucked in" by the earth's magnetic 
field near the poles, He was' led t6' this 
suggestion by the fact that the aurora 
looked very much like the electric dis
charge in the then newly invented tubes 
generating streams of charged particles 
("cathode rays"), 

Birkeland's idea was taken up by the 
Norwegian mathematician Carl Stprmer, 
who went on to calculate the paths that 
streams of charged particles from the 
sun should follow when they entered the 
earth's magnetic field, As it happened, 
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Further evidence for the sun's emis
sion of particles came from another phe-�' 
nomenon (and many years later), This 

�'had,to do with the magnetic stOlms that 
are associated with the disruption of 
radio, telephone and telegraph com
munication, The storms are evidently 
caused by fluctuations in the earth's 
magnetic field, Because they usually 
came a couple of days after a flare on 
the surface of the sun, they were at first 
attributed to a burst of ultraviolet radia
tion from the flare or some similar cause, 
Then the British geophysicist Sydney 
Chapman sUlmised tha,t corpuscular 
'emissions -from the sun offered a more 
reasonable explanation, In the 1930's 
he and V, C, A, Ferraro carried out a 
series of calculations and demonstrated 
that a cloud of ions ejected from the 
sun, traveling at 1,000 or 2,000 kilo
meters per second, would reach the 
earth in a day or two and ruffle the 
earth's magnetic field as it passed, Their 
theoretical picture of such a disturbance 
of the field so closely resembled the 
actual fluctuations during a magnetic 
storm that Chapman's idea was widely 
accepted. 

The third manifestation of the solar 

corpuscles was noted in the late 1940's. 
, This, time they came up in conne<;tion 
with fluctuations in the bombardment 
of the earth by cosmic rays. Scott E. 
Forbush of the Carnegie Institution of 
Washington had discovered that the in
tensity of cosmic radiation reaching the 
earth was low during the height of solar 
activity in the sunspot cycle and often 
fell abruptly during a magnetic storm. 
In other words, the more active the sun, 
the smaller the number of cosmic ray 
p-aiticles impillging on the earth. It was 
at first supposed that this effect must 
be due to solar-caused changes in the 
earth's magnetic field and atmosphere 
that deflected the cosmic particles away 
from the earth, But the University of Chi
cago physicist John A. Simpson, who 
began to keep track of cosmic ray vari
ations with a neutron monitor he had 
just developed, soon found that the 
fluctuations were much greatel' than had 
been supposed. They could not be pro
duced merely by changes on the earth; 
they must reflect a rise and fall of cos
mic ray intensity in solar-system space 
as a whole. 

Apparently something in the sun's 
radiation tended to impede the flow o,f 
cosmic rays into the sola�' system�' and 
this obstruction increased when the sun 
was particularly active, What might the 
impeding agent be? The general mech
anism is to be found somewhere in the 
magnetohydrodynamic theory of the 
Swedish physicist Hannes Alfyen [see 
"Electricity in Space," by Hannes 

"SOLAR,WIND SOCK," the tail of a comet, 

always points away from the sun; bl,;"n 

back by tbe high.speed stream of bydrogen 
in space. Comet Mrkos (opposite page) 
was photographed in August, 1957, with a 

five·inch camera on Palomar Mountain. 
Irregularities in the comet tail are probably 

caused by turbulence in tbe solar wind. 
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Alfven; SCIENTIFIC AMERICAN, May, 
1952]. He had pointed out that an 
ionized gas in motion must carry a 
magnetic field with it. This being so, it 
was suggested by Philip Morrison of 
Cornell University and by others that a 
stream of charged corpuscles from the 
sun, carrying a magnetic field, would 
tend to sweep cosmic ray particles out 
of the solar system, and the effect would 
be strongest when the solar radiation 
was most intense. Such a theory would 
explain the cosmic ray fluctuations. 

At about the same time there 
emerged a fourth and decisive line of evi
dence for the corpuscular radiation from 
the sun. For centuries it has been known 
that the tails of comets always point 
away from the sun. No matter where a 
comet may be in its orbit through the 
solar system, its head is always toward 
the sun and its gaseous tail streams 
away. 'Why is this so? In modern times 
the almost universally accepted theory 
has been that it is the pressure of sun-

light, pushing the extremely tenuous 
matter of the comet, that drives the tail 
in the opposite direction. But in the 
1950's Ludwig F. Biermann of the Uni
versity of Cottingen showed that the 
pressure of the sun's light was not near
ly sufficient to account for the violence 
with which a comet's gases are blown 
away from the head. He suggested in
stead that the only solar radiation that 
could account for the pushing away of 
the comet's tail was a stream of actual 
particles. He pointed out that such 
radiation from the sun would also ac
count for the existence of excited, light
emitting ions seen in comet tails [see 
"The Tails of Comets," by Ludwig F. 
Biermann and Rhea Lust; SCIENTIFIC 
AMERICAN, October, 1958]. 

Biermann's discovery conveyed some
thing else that had considerable bearing 
on the question of how this corpuscular 
radiation from the sun originated. Spec
ulation up to that time had centered on 
two possibilities: that the corpuscles 

were sent out in bursts by solar flares 
(which were known to emit very ener
getic protons, or hydrogen nuclei) or 
were projected in beams from sunspots 
(by some unknown electromagnetic ac
celeration process). But Biermann's evi
dence now made it plain that the cor
puscular radiation could not be coming 
merely in bursts or isolated beams. The 
comet tails showed that the radiation 
was blowing continuously in all direc
tions outward from the sun. The comet 
tails were in effect interplanetary "wind 
socks" demonstrating the existence of a 
steadily blowing, space-filling radiation. 
The streaming of the particles might in
tensify when the sun became particular
ly active, but it was present all the time, 
with or without sunspots or flares. 

The Corona and the Wind 

So it seemed that the flow of corpus
cles must stem from something that 
went on all the time all over the sun's 

SOLAR CORONA, the source of the solar wind, was in a fairly 
quiet state during the eclipse of July 20, 1963. The photograph at 

the left was made at Talkeetna, Alaska, by an expedition from 
the High Altitude Observatory of Boulder, Colo. That at the 
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surface. The sun was continuously 
shooting a thin hail of projectiles in all 
directions out into space. By what proc
ess could it do such a thing? A sugges
tion of a possible answer came one 
afternoon in 1957 when I was visiting 
Chapman at the laboratories of the 
High Altitude Observatory in Boulder, 
Colo., where he was then working. 

Chapman was studying the sun's 
corona, from the standpoint of whether 
or not it might be responsible for heat
ing the outer regions of the earth's 
atmosphere. Soundings of the upper 
atmosphere had brought out the curious 
fact that it got hotter, rather than 
colder, with increasing altitude. This 
suggested that the upper air was heated 
by hot gases in outer space. Chapman 
suspected that these hot gases might 
be maintained by the solar corona. 

The corona is the tenuous outer at
mosphere of the sun. It is very thin in
deed: even close to the sun it contains 
only about 100 million to a billion hy-

drogen atoms per cubic centimeter, a 
density only a hundred-billionth that of 
the air we breathe. The temperature 
of the corona, however, as measured by 
the velocity of its atoms, is extremely 
high: about a million degrees centigrade 
near the sun. Because of its high tem
perature the coronal gas is completely 
ionized and therefore consists of sep
arate protons and electrons. 

Because the corona is so tenuous it is 
not self-luminous, in spite of its high 
temperature. It is visible, however, by 
virtue of the fact that its atoms scatter 
the light from the sun's luminous photo
sphere, just as grains of dust in the 
earth's atmosphere become visible by 
scattering sunlight. When the brilliant 
light of the sun itself is dimmed by an 
eclipse, the white corona can be seen 
stretching far out from the hidden solar 
disk. Photographs of the corona show 
that it extends for millions of miles from 
the sun, and were it not for interfering 
haze and light in the sky we could 

probably see its fainter reaches extend
ing many times farther than that. 

Now, Chapman knew from his pio
neering theoretical studies of the prop
erties of ionized gases that a tenuous 
ionized gas at a million degrees must 
have an extraordinary ability to conduct 
heat. According to his calculations, the 
heat flow through ionized gas increases 
at a rate almost equal to the fourth 
power of the increase in temperature. 
At a million-degree temperature this 
means a great deal of heat flow. Chap
man calculated that, if the corona ex
tended as far as the earth's orbit, its 
temperature that far from the sun would 
be about 200,000 degrees, owing to its 
high conduction of heat. This was a very 
interesting Rgure as support for his 
theory that the corona might heat the 
earth's upper atmosphere. 

But Chapman had made another dis
covery that impressed me even more as 
he told me his results in our talk that 
afternoon. He had gone on to make 

right was made 115 minutes later by another team from Boulder 
on Cadillac Mountain in Maine. Careful measurements show mo-

tions of solar plumes: either lateral displacements or "virtual" 
motions due to appearance and disappearance of adjacent plumes. 
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AURORAL nISPLA Y, which results from iuteraction of earth's atmosphere and solar 
wind, was photographed in Alaska hy Victor P. Hessler of the University of Alaska. Lines 
of force of the earth's field funnel solar particles into the atmosphere at high latitudes. 

some calculations to determine if the 
corona did reach to the earth. For these 
he used the equation of the barometric 
law, which states the obvious fact that 
in an atmosphere the pressure at any 
given height must be just sufficient to 
support the weight of the portion of the 
atmosphere above it. (If it were not, the 
atmosphere would collapse.) Starting 
from the known density of the corona 
near the sun (which can be ascertained 
approximately), he was able to estimate 
its density at the earth's distance. This 
turned out to be roughly 100 to 1,000 
hydrogen atoms per cubic centimeter. 
In other words, the corona, although it 
was highly tenuous at this distance, did 
reach all the way from the sun to the 
earth and beyond! 

It was a startling idea: The earth in 
its orbit around the sun moves within 
the sun's hot corona. The corona is not 
a limited blanket enveloping the sun 
the way our atmosphere envelops the 
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earth; on the contrary, the corona fills 
the whole solar system. 

The Corona in Motion 

It took a while for Chapman's state
ment to sink in. When it did, I recalled 
Biermann's description, during a visit to 
Chicago, of the corpuscular radiation 
that blows comet tails away from the 
sun. Now there were apparently two 
bodies of solar vapor to think about: 
the steady corona and the stream of 
particles Howing out from the sun at 
high speed. This, however, was impos
sible. In a magnetic field one stream 
of charged particles cannot pass freely 
through another, and it was known that 
solar-system space was filled with mag
netic fields. Therefore the corona and 
the solar stream could not be separate 
entities. They must be one and the 
same. The corona, behaving like a static 
atmosphere near the sun, must become 

a high-velocity stream farther out in 
space. How could this come about? 

I examined the mathematics of the 
barometric law in more detail and saw 
that, in the absence of a large inward 
pressure from outside the solar system, 
the high-temperature corona must How 
away from the sun. To find the na
ture of this How I then applied the 
hydrodynamic equations for the How of 
a gas. These nonlinear equations are so 
complex that it was out of the question 
at the time to find a general solution 
covering all possible assumptions; I 
settled for a simple case that approxi
mately represented what Chapman had 
calculated, namely, that the tempera
ture of the corona remains high for a 
distance of several million kilometers 
from the sun and then drops to a lower 
figure. This made the mathematics rela
tively straightforward. 

The mathematical solution of the 
equations produced a result that must 
be considered surprising in view of the 
traditional idea that the corona is a 
static atmosphere. It showed that with 
increasing distance from the sun the 
corona tends to expand. At first the ex
pansion is slow, but as the distance in
creases, the pressure within the corona 
gradually overcomes the weight of the 
overlying gas and rapid expansion takes 
over. At 10 million kilometers (some six 
million miles) from the sun the corona 
is expanding at a speed of several hun
dred kilometers per second-faster than 
the speed of sound. At that point it 
must be considered a supersonic wind 
rather than the sun's atmosphere. It 
continues to accelerate and reaches ve
locities several times the speed of sound 
as it moves out of the sun's gravitational 
field [see top illustration on page 74]. 

The application of the equations 
showed that away from the sun the 
erstwhile corona must expand rapidly 
and become a high-velocity stream. I 
have called it the "solar wind" because 
this seems to me now a more accurate 
description of the phenomenon than the 
older pictures of a static "atmosphere" 
or a bullet-like "corpuscular radiation." 
Biermann's comet tails are truly "solar
wind socks," signaling the direction and 
strength of the corona's expansion. 

The Heat of the Wind 

The corona's expansion arises from 
the fact that its temperature at the sun 
is of the order of a million degrees. 
What makes it so hot? We know that 
the temperature at the sun's photo
sphere is only about 6,000 degrees, and 
one would suppose that the nonincan-
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descent corona outside it should be 
cooler. But about 15 years ago Martin 
Schwarzschild of Princeton University 
and Biermann independently presented 
a now accepted explanation of the para
dox of the corona's high temperature. 
The corona is so tenuous that it takes 
very little heat to raise its temperature. 
Schwarzschild and Biermann suggested 

that the churning motions of the gas 
at the surface of the sun generate low
frequency waves that provide enough 
energy to heat the corona to a million 
degrees. The action is somewhat akin 
to that of the boy scout who, although 
his body temperature is only 37 degrees 
C., produces enough heat to start a fire 
by rubbing two sticks of wood together 

JULY 17 
r-

! 
I 
L. ..... . 
JULY 20 
r f  
I r 
I I 
L_ i 
JULY 24 
! I  
L i 
I 
I 
L ..... . ... 
JULY 25 

j 
I 

L 

-r 

I 1 

I �I' ---;"'-"i"-' 1' " I ! !� 
iii I I ! I I ! ' . 1 l... . 

until they reach a temperature of sev
eral hundred degrees. 

Our theoretical calculations cannot 
give us really accurate numbers for the 
speed and density of the solar wind, be
cause this would require precise knowl
edge of the temperature and density of 
the corona near the sun-for which we 
have only rough estimates. But if we 
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assume that the temperature at the base 
of the corona is a million degrees, we 
can draw the following approximate pic
ture of the rise and progress of the solar 
wind. At the bottom of the corona the 
gas is almost stationary (in cosmic 
terms): it moves away from the sun's 
surface at the rate of only a few hun
dred meters per second. As it moves on 
it is replaced by more gas rising from 
below the photosphere. The coronal gas 
streaming slowly away is accelerated 
very gradually: it takes about five days 
and about a million kilometers of travel 
to get really under way. Thereafter it 
speeds up to hundreds of kilometers 
per second, and in four more days it has 
spanned the 93 million miles to the 
earth. The gas we see at the bottom of 
the corona on a Sunday will be passing 
us about Tuesday of the following 
week. Two weeks after this gas zooms 
by us it will pass Jupiter. 

The Magnetism of the Wind 

The solar wind carries a magnetic 
field along with it because the gas is 
ionized. (It remains ionized all the way 
out through the solar system, even 
though its temperature may drop to a 
low level; the gas is so tenuous that the 
separated protons and electrons have 
only a small probability of combining.) 
'What is the nature of this magnetic 
field? Presumably its source is the gen
eral magnetic field of the sun. The co
rona cannot carry away the sun's con
centrated local fields associated with 
sunspots and active regions, because 
these are strong enough to prevent the 
portions of the corona in their vicinity 
from streaming away at all. The sun's 
general field amounts to one or two 
gauss. (The earth's is about half a 
gauss.) 

If the sun did not rotate (as it does 
once every 25 days), the solar wind 
would draw its general magnetic field 
straight out into space, so that the lines 
of force would stretch radially from the 
sun and a compass in solar-system space 
would always point straight toward or 
away from the sun. The sun's rotation, 
however, imposes on this radial field a 
circular field, with the result that the 
field carried by the solar wind takes a 
spiral form [see illustrations on page 
76]. 

The strength of a radial magnetic 
field, like that of gravity and light, 
weakens at a rate proportional to the 
square of the increase in distance from 
the source. It can be calculated, there
fore, that at our distance from the sun 

What can a Questar telescope do for y�u? . 
It will let you see and photograph the tmy CrImson 
feathers of a cardinal, like this actual-size 
portion of a 14 by 17 print. The small red bird 
was 50 feet away. Questar will also bring to you an 
enchanting new microscopic world of near things. 
And you may take this miniature seven-pound 
electrically driven observatory wherever you go, 
to bring to your family the sun, the moon and 
the stars in all their awe-inspiring majesty. 
Priced from $795. Send for literature. 

QUIE�1rAlR 
BOX 20 NEW HOPE. PENNSYLVANIA 
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the magnetic field carried by the solar 
wind should be down to about three or 
four hundred-thousandths of a gauss. 

Evidence from Spacecraft 

What have space probes shown 
about the solar wind? Many of the ve
hicles have carried equipment for re
cording charged particles encountered 
in space. In the first place, it can be 
said that they have unmistakably con
firmed the existence of the wind. It was 
detected and measured by the Soviet 
vehicles Lunik I and Lunik II and by 
several U.S. vehicles, including the 
Venus craft Mariner II and the satellite 
Explorer X. They have shown that the 
wind blows continuously throughout the 
space they have traversed and that near 
the earth it is traveling at the expected 
velocity of about 400 kilometers per 
second. It blows straight out from 
the sun, sometimes steadily and some
times in gusts. It tends to be turbulent 
and to move faster when the sun is ac
tive. The density of the wind has been 
hard to pin down. Lunik I and Lunik II 
indicated a flow rate of perhaps 100 
million protons per square centimeter 
per second. Explorer X and Mariner II 
found that the wind's mean density 
near the earth lies in the range of one to 
10 protons per cubic centimeter most of 
the time. This is in accord with the 
model of the corona that assumes that 
its temperature is close to a million de
grees throughout the gas for a consid
erable distance from the sun. 

In addition, the space vehicles' meas
urements of the magnetic field in inter
planetary space bear out the theoreti
cal picture of the solar wind. Mariner 
[[ and Pioneer V measured the field as 
being a few hundred-thousandths of a 
gauss, and Mariner [[ indicated that on 
the average the field had the expected 
spiral pattern. There were kinks and 
wiggles in the observed pattern, but 
this would merely confirm that the solar 
wind is sometimes gusty. 

Fortified with all these confirmations 
of the nature of the solar wind and with 
some definite measurements, we can 
proceed to explore several interesting 
questions. For example, there is the 
matter of how much energy and mass 
the solar wind carries off into space. It 
can be calculated that it removes hydro
gen from the sun at the rate of about 
a million tons per second. This is not a 
significant drain on the sun; in the esti
mated I5-billion-year lifetime of the sun 
it would amount to only a little more 
than a hundredth of 1 per cent of the 
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solar mass. Similarly, the energy con
sumed in expanding the corona to the 
solar-wind velocity is only about a mil
lionth of the total energy output of the 
sun. The wind's energy per unit of vol
ume is so slight that an object in space 
is not warmed significantly by it. 

How Far Does the Wind Blow? 

There is also the question of how far 
the solar wind goes into space. This is 
considerably more interesting than the 
drain on the sun because it offers the 
possibility of using the solar wind as a 
probe into interstellar space. 

The density of the wind must drop 
off in proportion to the square of the 
increase in distance from the sun. Even
tually the wind must become so tenuous 
that it is stopped by the other thinly 
dispersed gases and weak magnetic 
fields in interstellar space. The general 
magnetic field of space in our galaxy is 
estimated to be no more than two hun
dred-thousandths of a gauss. If we take 
this maximum figure as the strength of re
sistance to the solar wind and use as our 
index of the wind's density the smallest 
value that has been measured near the 
earth (one atom per cubic centimeter), 
we can calculate that the solar wind 
ends at about 12 astronomical units (12 
times the sun-earth distance) from the 
sun-that is, a little beyond Saturn. At 
the other extreme, if we take the small
est estimate of the resisting magnetic 
field (one two-hundred-thousandth of a 
gauss) and the highest measurement of 
the wind's density near the earth (10 
atoms per cubic centimeter), then the 
wind goes out to 160 astronomical units 
-four times the distance of the farthest 
planet, Pluto. These, then, seem to be 
the lower and upper limits: the solar 
wind apparently extends to at least 12 
but not more than 160 astronomical 
units from the sun. 

Two possibilities are at hand for ex
ploring the outer limits of the wind. 
One is based on the fact that the hydro
gen in interstellar space has been ob
served to emit faint ultraviolet radia
tion when it is excited. A recent analysis 
of such emission by Thomas N. L. Pat
terson, Francis S. Johnson and William 
B. Hanson of the Graduate Research 
Center of the Southwest in Dallas, 
Texas, suggests that the solar wind ends 
at perhaps 20 astronomical units from 
the sun. 

The second possibility stems from the 
fact that the solar wind's magnetic field 
tends to sweep cosmic rays out of the 
solar system. During the years of high 

Among recent developments in upper atmosphere research at Sandia 
are rocket-boosted particle samplers called SAND (Sampling Aerospace 
Nuclear Debris). SAND will explore the regions between balloon ceilings 
and satellite perigees to enable radioactive debris inventories and to 
develop forecasting schemes for debris dispersal. SAND-LO will extract 
particulate matter by filters in 8 ft. long whirling vanes during parachute 
retarded descent from 225 to 100 kft. SAND-HI, operating from 200 to 
600 kft or higher, looks to condensation of near-molecular particles upon 
a 10 ft. circular mylar sail deployed by centrifugal force. Both will her
metically seal the sample for recovery and laboratory analysis. Flight 
tests are now underway. When operational, SAND will also augment 
other systems in an international program of high altitude geochemical 
and geophysical studies. 

Sandia scientists and engineers do related work in many diversified 
fields including: Aerothermodynamics; Polymers, Plastics and Foams; 
Solid State Physics; Human Factors Engineering; Aerospace nuclear 
safety; Electronic and mechanical design and development of systems 
and components. 

Sandia Corporation is a Bell System subsidiary and a prime contractor 
of the Atomic Energy Commission engaged in research, design and 
development of the non-nuclear phases of nuclear weapons. At Sandia 
you would work in Albuquerque or in Livermore in the San Francisco 
Bay area. 

Sandia Corporation recruits on many major campuses and is primarily 
interested in recent and current outstanding graduates in many of the 
engineering and scientific disciplines at all degree levels. Consideration 
of applicants is based solely on qualifications and without regard to race, 
creed, color or national origin. U. S. citizenship is, however, required. 
For current opportunities, contact the Sandia recruiter at your college 
or write Professional Employment Organization 3151, Ref. 569-6, Sandia 
Corporation, Post Office Box 5800, Albuquerque, New Mexico, 87115. 

ALBUQUERQUE. NEW MEXICO / LIVERMORE, CALIFORNIA 
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MAGNETIC LINES OF FORCE associated with the solar wind would appear as shown 
above if the sun did not rotate. The lines are in the equatorial plane of the sun. The 

broken circle marks the orbit of the earth, which is one astronomical unit from the sun. 
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ACTUAL LINES OF FORCE are spirals due to solar rotation. They show how a compass 

needle would line up at any particular spot. The arrows are paths of solar·wind particles. 

Here the wind is assumed to be traveling through space at a steady 300 kilometers per second. 
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solar activity the intensity of cosmic 
rays coming to the earth is cut at least 
in half. We have calculated that a re
duction of this size means that the solar 
wind extends well beyond Jupiter (five 
astronomical units from the sun). Simp
son recently presented direct evidence 
that it probably goes out to at least 40 
or 50 astronomical units. Analyzing the 
decline and recovery of cosmic ray in
tensity during the ll-year sunspot cycle, 
he found that the increase of the inten
sity of the higher-energy cosmic ray 
particles lags at least six months behind 
the drop in solar activity. The time lag 
apparently is a measure of the distance 
to the farthest extent of the solar wind. 
Just as it takes a certain time for a given 
ripple started in the middle of a pond to 
reach the edge of the pond, so will it 
take a certain time for an increase or de
crease in the strength of the solar wind 
to be communicated to the outer bound
aries of the wind. Therefore there is a 
delay between a drop in the sun's ac
tivity, with the consequent weakening 
of the solar wind, and the arrival of the 
weakened wind at the limit of the space 
in which it acts as a barrier to the entry 
of cosmic rays into the solar system. 
Since Simpson finds the delay to be at 
least six months, and the wind travels 
at the rate of one astronomical unit in 
four days, simple computation shows 
that the distance to the borders of the 
solar wind is at least 40 to 50 astro
nomical units. 

There is a great deal more to the 
observations than this one distance 
num ber. All in all, the fluctuations in 
cosmic ray intensity provide us with a 
natural probe for exploring the fields 
and other conditions in space out to the 
borders of the solar system and beyond, 
because the fluctuations bear the mark 
of the distant fields. 

Do other stars have winds like the 
sun's? Very likely. The main require
ment is that the star have a hot corona. 
Our sun's corona is generated by churn
ing and convection of the gas beneath 
its photosphere. According to the theo
retical picture of the interior of stars, 
subsurface convection is likely to occur 
in any ordinary hydrogen star with a 
surface temperature of less than 6,400 
degrees. Most of the stars in our galaxy 
fall into this class, therefore stellar 
winds must be rather common. 

The light from distant stars cannot 
tell us whether they have a corona or 
not. One really has to live in the midst 
of the wind to detect it. So most of our 
knowledge of stellar winds in general 
must come from studying the wind of 
the nearby star, the sun. 
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what's a chemical company doing 
with a "MAD" chauffeur? 

This little black box drives more miles 

a year than any human. Upwards of 

200,000. It's part of a "MAD" unit 

(for Mileage Accumulation Dyna

mometer) at our research labora-

tories. With the "MAD" chauffeur 

pushing the pedals of test cars, we 

can check transmission fluid, motor 

oil and gasoline additives without 

human error. Customers get quicker, 

better answers to their problems. 

Providing answers is a big part of the 

Enjay job. What can we do for you? 

Enjay Chemical Company, 60 West 

49th Street, New York 20, New York. 

HUMBLE O'L & REF'N'NG COMPANY-ENJAY CHEM'CAL COMPANY O'Y'S'ON <!NJ� 

Anticipating tomorrow's needs today-in chemicals. elastomers. plastics. petroleum additives 
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IN AUTOMATIC 
MEASURING SYSTEMS 
the tstate of the art' is 
on our production line 
Only a decade ago, most electrical meas

uring systems were entirely manual. Since 

each meter reading had to be observed 

and recorded individually, data acquisi

tion was a tedious and expensive proce

dure. Only when the digital voltmeter was 

invented did the electronic industry have 

the basic instrument needed for automati

cally measuring data in digital form. 

In the mid-1950's engineers began devel

oping so-called "building block systems" 

for automatically making and recording 

measurements. Instruments with digital 

readout were built to measure voltage, 

current and resistance; other devices 

were developed to scan a number of meas

uring points sequentially; recorders of 

various types were used to make data 

available for later analysis. 

These individually developed instruments 

were only partially successful as "building 

blocks." Systems could not be con

veniently assembled for an assortment of 

measuring applications in practical en

vironments. In many cases the so-called 

building blocks were not compatible and 

each system was "customized" - a costly 

and time-consuming process. 

Hewlett-Packard Company, through its 

Dymec Division, recognized the need for 

inexpensive, pre-engineered, general pur

pose systems for automatic accumulation 

of digital data. These systems, now in pro

duction, are available as easily as any 

other Hewlett-Packard instrument. 

Hewlett-Packard systems include a Dymec 

Integrating Digital Voltmeter which meas

ures dc voltage and frequency in a wide 

range of practical, realistic environments, 

including those troubled with high electri
cal noise. Companion instruments, each 

designed to be completely compatible 

with the voltmeter, include ac/ohms con

verters, scanners, signal conditioning de

vices and couplers to drive most available 

recorders. 

Seven standard data acquisition systems 

are available from Hewlett-Packard to

day. More than 50 standard options are 

available, offering literally hundreds of in

strument performance combinations de· 

liverable off a standard production line. 

Here, once again, Hewlett-Packard has 

successfully applied a major development 

and manufacturing effort to the practical 

demands of the scientific and industrial 

activities whose progress depends on 

measurement. 

All seven Dymec DY-2010 Series Data 

Acquisition Systems can provide rapid, 

automatic measurement of dc and ac volt

age, resistance and frequency. Additional 

systems soon to be introduced will offer 

output recorded on magnetic tape. 

SYSTEM DY-2010A DY-2010E DY-2010C 

Input 
Up to 25 3-wire signal sources; 
to 100 channels with 
slave scanners 

Voltage 
Ranges 100 mv to 1000 v, full scale; 10 mv range optional 

Output 

Price 

Printed 
paper 
tape 

$8,675 

Perfor
ated 
tape 

$10,800 

Punched 
card (on 
IBM 526) 

$9.885 

Printed 
paper 
tape 

$10,965 

Perfor· 
ated 
tape 

$12,850' 

*DY-2010G similar to 2010D. has guarded amplifier for low·level measurements, $14,250 
Data subject to change without notice. Prices f.o.b. factory. 

�nEwiETT=P�C�ARD COMPANY � 
Palo Alto, California 94304 (415) 326-7000 

Europe: 54 Route des Acacias, Geneva; Canada: 8270 Mayrand St., Montreal ® em 
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SECTION OF CONCRETE is shown approximately actual size. 

Pieces of coarse aggregate, consisting normally of crushed stone 

or gravel, and the grains of sand constituting the fine aggregate 

MAJOR COMPOUNDS of portland cement are identifiable in this 

photomicrograph of a section of clinker enlarged 1,800 diameters. 

Maior compounds are: tricalcium silicate (grains with striations), 

are bound into a solid by a bardened paste of portland cement. 

For the cementing action to be effective the paste must coat 

every particle of aggregate and fill all spaces between particles. 

dicalcium silicate (grains without striations), tricalcium aluminate 

(grains appearing blue or pink) and tetracalcium aluminoferrite 

(the glassy material appearing as clear areas between grains). 
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THE CHEMISTRY OF CONCRETE 

The chemical reactions that occur when -water is added 

to portland cement in the mixing of concrete continue 

for months. Recent studies have elucidated the process 

by Stephen Brunauer and L. E. Copeland 

T

he most widely used construction 
material is concrete, commonly 
made by mixing portland cement 

with sand, crushed rock and water. Last 
year in the U.S. 63 million tons of port
land cement were converted into 500 
million tons of concrete, five times the 
consumption by weight of steel. In many 
countries the ratio of concrete con
sumption to steel consumption exceeds 
10 to one. The total world consumption 
of concrete last year is estimated at 
three billion tons, or one ton for every 
living human being. Man consumes no 
other material except water in such 
tremendous quantities. 

For all its familiarity and antiquity, 
concrete has presented the chemist and 
the engineer with many puzzles. The 
setting and hardening of concrete in
volve a number of complex and simul
taneous chemical reactions and the proc
ess continues for a remarkably long 
time. It has been particularly difficult to 
correlate the observable physical prop
erties of hardened cement paste with 
the principal engineering properties de
sired in concrete: strength and dimen
sional stability. Major advances in cor
relating these two sets of properties 
have been made only in the past two 
decades. 

The remote ancestor of modern con
crete is mortar made from lime (cal
cium oxide). The remains of primitive 
kilns indicate that lime was made from 
limestone (calcium carbonate) as far 
back as 5,000 years ago. The Egyptians 
used lime plaster extensively in build
ing pyramids; samples of this plaster 
more than 4,500 years old are still in 
good condition. The first cement, a 
hydraulic lime that would set under 
water, was invented by the Romans. It 
consisted of a mixture of lime paste 
and volcanic ash. 

A great many types of cement were 
developed over the succeeding centu
ries, but the next major advance was not 
made until 1824. That year an English 
bricklayer, Joseph Aspdin, patented a 
new cementing material he had pro
duced by burning limestone and clay 
together in his kitchen stove. He named 
his product Portland cement because its 
color resembled that of a stone quarried 
on the Isle of Portland, a peninsula 
on the English coast. Because of its 
strength and stability portland cement 
concrete eventually replaced the older 
types of concrete. 

�though present-day portland cements 
are a vast improvement on Asp

din's product, they are still made from 
the same basic ingredients: a lime
containing material (such as limestone, 
shell or chalk ) and a c1aylike material 
(such as shale, slate or clay itself). Be
fore being fed into a kiln the raw 
materials are carefully proportioned to 
supply the desired amount of lime, sil
ica, aluminum oxide and iron oxide; 
then they are ground to facilitate burn
ing. In the kiln, at temperatures around 
2,700 degrees Fahrenheit, the raw ma
terials react chemically to form hard, 
walnut-sized pieces of a new material 
referred to as clinker. The clinker is dis
charged from the kiln and cooled; a few 
per cent of gypsum is added to control 
the rate of setting and the mixture is 
ground to a fine powder. This powder 
is portland cement. 

When portland cement is mixed with 
about half its own weight of water, 
the result is a plastic, mudlike mixture 
called cement paste. In the course of 
a few hours the paste sets. "Initial set" 
is said to occur when a weighted 
needle dropped on the paste does not 
penetrate completely. "Final set" is 

reached when the needle does not pene
trate the paste at all. 

The setting of cement paste is neither 
the beginning nor the end of the hard
ening process. Portland cement starts 
to react with water immediately on con
tact, and the presence of the reaction 
products manifests itself in an immedi
ate increase in the viscosity of the paste. 
As the hydration process continues the 
compounds that collectively make up 
cement disappear and are replaced by 
their hydration products. After the final 
set the hardening process continues for 
months and to some extent even for 
years. It is a common misconception 
that drying is the cause of the harden
ing process. Just the opposite is true: 
without water there is no reaction and 
no hardening. 

Concrete is the artificial rock created 
when portland cement paste is mixed 
with fine aggregate (sand) and coarse 
aggregate (gravel or crushed stone). The 
cement paste must completely coat 
every particle of aggregate and it must 
also completely fill all spaces between 
the aggregate particles [see top illllstra
tion on opposite page J. 

The chemistry of concrete is essen
tially the chemistry of the reaction 
between portland cement and water. 
(Ordinarily the aggregates are inert. If 
they should happen to react unfavor
ably with the cement, ways can usually 
be found to control such reactions.) In 
any chemical reaction the main features 
of interest are the changes in matter, 
the changes in energy and the speed 
of the reaction. 

These three aspects of a reaction 
have great practical importance for the 
user of portland cement. Knowledge of 
the substances formed when portland 
cement reacts is important because the 
cement itself is not a cementing material; 
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LIMESTONE 

CLAY 

CaO 
)0 (LIME) 

+ [C02J � 
(CARBON DIOXIDE) 

Si02 + Alzo, + Fezo, + [HzOJ t 
)0 (SILICA) (ALUMINA) (FERRIC OXIDE) (WATER); 

3CaO+ Si02 

2CaO+ Si� 

3CaO+ Alz03 

REACTION IN KILN is the first step toward the production of 

portland cement. Limestone and clay are burned in a kiln in a 

proportion dependent on the amount of calcium oxide in the lime

stone and the amount of silicon dioxide, aluminum dioxide and 

its hydration products have the cement
ing action. Knowledge of the amount of 
heat released when concrete sets is im
portant because the heat is sometimes 
a help and sometimes a hindrance. The 
heat is useful in winter for keeping the 
water in the cement paste from freezing. 
The heat is harmful in massive structures 
such as dams because it may produce 
stresses. To help solve this problem a 
low-heat portland cement, known as 
Type IV, was developed. 

Knowledge of reaction speed is im
portant because it determines the time 
of setting and hardening. The initial 
reaction must be slow enough to enable 
the concrete to be poured into place. 
On the other hand, after the concrete 
has been placed rapid hardening is 
often desirable. In manufacturing con
crete blocks, for instance, the number 
of molds needed to sustain a given out
put can be reduced if blocks can be 
removed from their molds quickly. For 
such purposes a special portland ce
ment that attains high strength in a 
shorter time was developed. It is called 
Type III, or "high early strength" 
cement. 

The chemist represents changes in 
matter by means of a chemical equa
tion. The amounts and compositions of 
the reactants appear on the left side 
of the equation, and the amounts and 
compositions of the substances pro
duced appear on the right. In the re
action under consideration portland ce
ment and water should be on the left. 
But how does one represent portland 
cement? 

Actually there is no way to represent 
portland cement by a chemical formula. 
It is a mixture of many compounds. 
Four of these make up more than 90 
per cent of cement by weight. They are 
tricalcium silicate (3CaO"Si02), dicalci
um silicate (2CaO"Si02) ,  tricalcium alu
minate (3CaO"Al:!O�) and tetracalci-

8 2  

um aluminoferrite (4CaO"Al�OH"Fe:!OH)' 
Since each of the compounds contains 
dissolved impurities in appreciable quan
tities, the fOlmulas in parentheses are 
not accurate. In addition to the major 
compounds, several others play impor
tant roles in the hydration process. Only 
one of these, gypsum (CaSO."2H:!O), 
will be considered here. 

Different portland cements contain 
the four major "phases," or compounds, 
in different proportions. (The chemist 
prefers to use the word "phase" be
cause "compound" usually designates 
a pure substance with a definite for
mula. ) The relative amounts of the four 
phases depend on the selection amI 
proportioning of the raw materials. 
For example, if the raw materials do 
not contain iron, the iron-containing 
phase (tetracalcium aluminoferrite) is 
missing from the cement and the ce
ment will be a "white cement." Ordi
nary portland cement is gray because 
of the iron-containing phase in it. 

The amounts of the elements (cal
cium, silicon, aluminum, iron and so 
on) in a portland cement can be deter
mined by chemical analysis, but the 
amounts of the compounds cannot. The 
four major compounds have quite dif
ferent properties; it is important, there
fore, to know how much of each is 
present in a portland cement. Some 35 
years ago R. H. Bogue, who was work
ing on a Portland Cement Association 
Fellowship at the National Bureau of 
Standards, proposed a method by which 
one can calculate the amounts of the 
compounds in a cement if the amounts 
of the elements are known from chemi
cal analysis. Although these calculations 
are based on the assumption that cer
tain ideal conditions exist in the kiln 
and during the cooling of the clinker, 
which in practice do not exist, the cal
culated values have been of great im
portance to the cement and concrete 

industry. More recent work has shown 
that Bogue's "potential" compound 
values are seldom very far from the 
correct values. 

In a microscope of high magnification 
the grains of the individual cement 
compounds can be identified [see bot
tom illustration on page 80]. By a 
laborious process one can also determine 
the amounts of the compounds with the 
microscope. The smallest grains, how
ever, elude visual determination. For a 
quantitative determination of the major 
phases one must turn to the technique 
of X-ray diffraction. 

vVhen an X-ray beam is directed at 
a crystalline compound, the layers of 
atoms in the crystals diffract the X rays 
and produce a characteristic pattern. 
The top illustration on page 84 shows 
part of the X-ray diffraction pattern 
of tricalcium silicate. The diffraction 
peaks appear in definite positions. The 
middle illustration on the same page 
shows the corresponding part of the dif
fraction pattern of a typical portland ce
ment. The peaks of tricalcium silicate 
appear in the same positions in the 
portland cement. Naturally the cement 
produces other peaks as well, since it 
contains compounds in addition to tri
calcium silicate. 

The value of X-ray diffraction for 
studying complex mixtures such as port
land cement is that it provides a quan
titative measure of each compound pres
ent. This is because the areas under 
the peaks arising from a compound 
are proportional to the amount of the 
compound in the mixture. To study the 
rate at which a given compound in port
land cement disappears during hydra
tion one has only to make X-ray diffrac
tion patterns of the cement paste at 
various intervals after water has been 
added. (In actual practice the sample 
must be thoroughly pulverized before 
analysis; this does not affect the results.) 
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-7 3CaO Si0:2 

� 3CaO·AI,OJ 

TRICALCIUM SILICATE 

DICALCIUM SILICATE 

TRICALCIUM ALUMINATE 

TETRACALCIUM 
ALUMINOFERRITE 

TRICALCIUM SILICATE 

DICALCIUM SILICATE 

TRICALCIUM ALUMINATE 

TETRACALCIUM ALUMINOFERRITE 

TOTAL 

: I 

53 

24 

8 

8 

93 

II : III IV 

47 58 26 

32 16 54 

3 8 i 2 

12 8 12 

94 90 94 

ferric oxide in the clay. Burning yields four PROPORTIONS OF MAJOR COMPOUNDS in the four basic types of portland cement are 

major cement compounds, shown at right. shown in average percentages obtained by X.ray difiral:tion analysis of several cements. 

The X-ray pattern of a partially hy
drated portland cement is shown on 
the next page directly under the pattern 
of the nonhydrated sample. In these 
two patterns one can see that a double 
peak contributed by the two calcium 
silicates is only about half as high in 
the hydrated sample as in the nonhy
drated one. This means that hydration 
has partially transformed the calcium 
silicates into new compounds that are 
represented by other peaks. 

Even though one cannot write a 
chemical formula for portland cement, 
X-ray diffraction is able to provide a de· 
tailed knowledge of the reaction prod· 
ucts as well as of the reactants. The 
illustration on page 85 shows the dif
fraction pattern of a completely hy
drated portland cement. The peaks cor-

2(3CaO· Si0:2) 
(TRICALCIUM SILICATE) 

2(2CaO· Si0:2) 
(DICALCIUM SILICATE) 

+ 

+ 

4CaO· A1203· Fe203 + 
(TETRACALCIUM ALUMINOFERRITE) 
. .. _--_ .. _--

3CaO·AI2� + 
(TRICALCIUM ALUMINATE) 

3CaO· AI203 + 
(TRICALCIUM ALUMINATE) 

responding to the four major compounds 
in cement have disappeared and their 
places are taken by peaks produced by 
a number of new compounds. 

The two calcium silicates, which con
stitute about 75 per cent of portland 
cement by weight, react with water to 
form two new compounds: calcium hy
droxide and a calcium silicate hydrate 
called tobermorite gel. (The reasons for 
calling it a gel will be explained below.) 
Calcium hydroxide makes up about 25 
per cent by weight of a fully hydrated 
cement, and the tobermorite gel makes 
up about 50 per cent. 

Other peaks represent calciwn alu· 
minoferrite hydrate, which resembles a 
class of natural minerals called hydro
garnets. It is formed by the reaction be
tween tetracalcium aluminoferrite and 

3CaO·2Si�·3H20 
(TOBERMORITE GEL) 

3CaO·2Si�·3H20 
(TOBERMORITE GEL) 

+ 2Ca(OH)2 
(CALCIUM HYDROXIDE) 

+ Ca(OH� 

+ 

(CALCIUM HYDROXIDE) 

CaS04 ·2H20 
(GYPSUM) 

+ 

+ 

water. The reaction between tricalcium 
aluminate, water and calcium hydroxide 
yields tetra calcium aluminate hydrate. 
And the reaction between tricalcium 
aluminate, water and gypsum produces 
a calcium sulfoaluminate [see bottom 
illustration on this pagel. 

Each of these compounds plays some 
role in the life of concrete, but they do 
not play equal roles. By far the most 
important is tobermorite gel, which is 
the main cementing component of con
crete. The engineering properties of con
crete-setting and hardening, strength, 
dimensional stability and so on-depend 
primarily on tobermorite gel. It is the 
heart of concrete and we shall discuss 
it in some detail. 

First, however, we shall describe the 
energy changes that take place when 

3Ca(OH)2 
(CALCIUM HYDROXIDE) 

Ca(OH� 
(CALCIUM HYDROXIDE) 

6CaO· AI2�· Fe203·12H20 
(CALCIUM ALUMINOFERRlTE HYDRATE) 

3CaO· A1203· Ca(OH)2·12H20 
(TETRACALCIUM ALUMINATE HYDRATE) 

3CaO· A1203·CaSo4 ·12�0 
(CALCIUM MONOSULFOALUMINATE) 

TRANSFORMATION OF COMPOUNDS occurs when water is 

added to portland cement. As shown in the top two lines, the two 

calcium silicates, which constitute about 75 per cent of a portland 

cement by weight, react with water to produce two new com· 

pounds: calcium hydroxide and a calcium silicate hydrate called 

tobermorite gel. Next two lines show how the other two major 

compounds in portland cement react with water. The bottom line 

shows the reaction involving gypsum, a fifth compound in cement. 
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X"RA Y DIFFRACTION PATTERN of tricalcium silicate, one of 

the major compounds in portland cement, is reproduced, The use 

of a particular X"ray wavelength, in this case the K.alpha radiation 

26 28 30 32 34 

Br 

of copper, causes the layers of atoms in the tricalcium silicate to 

diffract the rays and produce these characteristic peaks, Horizontal 
scale gives angles of diffraction; height of peaks indicates intensity. 
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EFFECTS OF HYDRATION are indicated by portions of two 

diffraction patterns: at top for a Type I portland cement and at 
bottom for the same cement after partial hydration. Each of the pat. 

terns shows at left a peak contributed by potassium bromide, which 

was added to the samples in known amounts for purposes of com. 

parison. The characteristic peaks of tricalcium silicate appear at the 

8 4  

same angles as i n  the illustration at the top of the page. The double 

peak is contributed by the two calcium silicates; it is considerably 

lower in the diffraction pattern of the partially hydrated cement 

than in that of the cement before hydration because some of the 

calcium silicates have disappeared in hydration, giving way to new 

compounds, which appear in diffraction pattern on opposite page. 
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portland cement is hydrated and then 
we shall discuss reaction rates. In a 
chemical reaction heat is liberated if 
the sum of the energies possessed by the 
reactants is greater than the sum of the 
energies possessed by the reaction prod
ucts. The reaction is said to be exo
thermic. If the reverse is true and 
energy is absorbed, the reaction is en
dothermic. We have already indicated 
that the hydration of portland cement 
is exothermic. 

Several groups of workers have meas-
ured the individual heats of hydra

tion of the four major compounds in 
portland cement and also the heat 
released by each compound when it is 
present in synthetic and in industrial 
cements. When the compounds are to
gether, it is possible to isolate the con
tribution of each by mathematical anal
ysis. The results of these studies are in 
close agreement for three of the four 
compounds and indicate a heat release 
of approximately 60 to 120 calories per 
gram of material. The fourth compound, 
tricalcium aluminate, releases about 200 
calories per gram when it is hydrated by 
itself and about 325 calories per gram 
when it is part of a portland cement 
mixture. In the latter case the aluminate 
reacts not only with water but also with 
gypsum, a reaction that releases more 
energy than simple hydration does. 

Portland cements have been classified 
into basic types by the American So
ciety for Testing and Materials. Within 
each type there is considerable variation 
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in composition, but the different types 
identify cements with distinctly differ
ent properties. This difference shows up 
clearly when one compares their average 
heats of hydration. The top illustration 
on the next page shows the heat evolved 
when four types of cement were hy
drated for periods ranging from three 
days to 13 years. The measurements 
were obtained by George J. Verbeck of 
the Portland Cement Association. 

Type I, the commonest type of port
land cement, releases a little more than 
half of its total heat of hydration in 
three days. Type III, the high-early
strength cement, releases 50 per cent of 
its heat in much less than three days. 
Type II, a moderate-heat cement, re
leases less heat over-all than do Types 
I and III, and more than three days are 
required for half of its heat to be re
leased. Type IV, the lowest-heat cement, 
gives off only about half as much heat in 
the first three days as the high-early
strength Type III does, and over the 
full 13-year period it releases only about 
75 per cent as much heat as Types I and 
III do. 

The large variations in total heat re
lease and in rate of release are achieved 
by altering the proportions of the four 
major compounds that make up port
land cement. The bottom illustration on 
the next page shows the amount of heat 
released in a few hours to 100 days by 
these compounds. Type I cements usu
ally contain about 50 per cent tricalcium 
silicate, which releases about 120 calo
ries per gram, and about 25 per cent 

dicalcium silicate, which releases only 
about 60 calories per gram and releases it 
much more slowly. It is apparent that by 
reversing these proportions one should 
obtain a cement that releases less total 
heat and releases it more slowly than 
Type I does. Indeed, tlle proportions are 
reversed in low-heat Type IV cement, 
which was developed specially for the 
Hoover Dam by the Riverside Cement 
Company in California. 

Type II, or moderate-heat, cements 
are intermediate in composition between 
Type I and Type IV cements. And high
early-strength Type III cements usually 
contain even more of high-heat trical
cium silicate and less of low-heat di
calcium silicate than Type I cements 
do [see illustration at top right on 
page 83]. 

The third of the four major ingredients 
found in normal portland cements-tri
calcium aluminate-also has a large in
fluence on the rate of heat release and 
hardening rates. As the bottom illustra
tion on the next page shows, it has the 
fastest rate of reaction with water. As a 
result as much as 15 per cent of it can 
be used in Type III cements to speed 
the setting rate. In Types II and IV, in 
which low-heat release is desired, trical
cium aluminate may be almost absent. 
The tricalcium alum;inate content of 
portland cement cannot be increased 
indiscriminately, otherwise a "quick set," 
or "flash set," will oc�ur when the ce
ment powder is mixed with water. Gyp
sum is added to the clinker as a "re
tarder" to slow down the hydration of 
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• CALCIUM MONOSULFOALUMINATE 

TOBERMORITE 

CALCIUM HYDROXIDE 

• CALCIUM ALUMINOFERRITE HYDRATE 

• TETRACALCIUM ALUMINATE HYDRATE 

• MIXTURE OF COMPOUNDS 

BRAGG ANGLE (DEGREES) 

FULLY HYDRATED CEMENT shows this diffraction pattern. The peaks that appear in 

the diffraction patterns on the opposite page (peaks representing the major compounds 

in the cement before complete hydration) have disappeared because new compounds 

have been produced during hydration. In place of those peaks are the peaks of the new 

compounds constituting a completely hydrated cement (in this case Type I). Solid lines 

bracket area covered by patterns on opposite page. Vertical scale for intensity is arbitrary. 
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HEAT OF HYDRATION of the basic types of portland cement is charted for hydration 

periods ranging from three days to 13 years. Variations reflect the different properties of 

cements. Type III, for example, releasing heat rapidly, gives high early strength; Type IV, 

which releases heat slowly, is valuable in big structures that cannot dissipate heat easily. 
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10 
TIME (DAYS) 

100 1,000 

SPEED OF HYDRATION of the four major 

compounds in portland cement during 

approximately 14 weeks is charted. If 

a fast reaction is desired, as in Type III 

portland cement, the cement should be 

high in the fast.reacting compounds, trical

cium silicate and tricalcium aluminate. If a 

slow reaction is desired, as in Type IV port

land cement, the cement should be high in 

the slow-reacting compounds, dicalcium 

silicate and tetracalcium aluminoferrite. 

tricalcium aluminate in portland cement. 
Composition, however, is not all that 

influences the speed of hydration. Fine
ness of grinding, the amount of water 
added and the temperature at the time 
of mixing all have important effects 
on reaction speed. To achieve a faster 
hydration Type III cements are ground 
finer than Type I cements. In fact, two 
cements of the same composition can 
be classified as Type I and Type III 
simply because of differences in fineness. 

Let us return to tobermorite gel and 
observe the critical role it plays in estab
lishing the physical and engineering 
properties of hardened portland cement 
paste. T. C. Powers and his co-workers 
at the Portland Cement Association were 
the first to show that two physical prop
erties of cement paste-surface and po
rosity-are decisive in determining the 
two most important engineering prop
erties: strength and dimensional stabil
ity. Powers applied the term "cement 
gel" to the part of hardened paste that 
is responsible for surface and porosity. 
The word "gel" signifies an extremely 
finely divided substance that has a co
herent structure. 

Later work has shown that the most 
important constituent of cement gel is 
the calcium silicate hydrate called tober
morite gel. The word "tobermorite" in
dicates that this substance has a compo
sition and crystal structure resembling 
that of the natural mineral called tober
morite [see illustration on the cover of 
this issue J. The natural mineral takes its 
name from Tobermory in Scotland, 
where it was discovered. 

A little simple geometry will indicate 
what happens to the surface area when 
a substance is finely divided. When a 
cube of a given size is divided into eight 
smaller cubes of equal size, the surface 
area is doubled. As the original cube is 
divided into smaller and smaller cubes, 
the surface area grows progressively. 

Let us now suppose that out of a 
clinker of cement we cut a cube weigh
ing one gram. Its surface area will be 
about three square centimeters. If we 
grind this cube to the average fineness 
of portland cement, the surface area 
will be some 3,000 square centimeters. 
The average diameter of a typical ce
ment grain is 10 microns, or a hun
dredth of a millimeter; in a pound of 
portland cement there are about 150 
billion such grains. The powder is so 
fine it passes through a metal screen that 
can hold water. 

Small though the cement grains are, 
they are gigantic compared with par
ticles of tobermorite gel. The surface 

© 1964 SCIENTIFIC AMERICAN, INC



AOSO is being built for NASAl Goddard by: 
REPUBLIC AVIATION CORPORATION 

farmIngdale, New York. 

© 1964 SCIENTIFIC AMERICAN, INC



area of one gram of tobermorite gel is 
some three million square centimeters, 
which implies that the average diameter 
of a tobermorite gel particle is only a 
thousandth of that of a typical cement 
grain. Particles of such small size can 
be seen only in an electron microscope 

[see illustration below J. Evidently in 
undergoing hydration the tiny grains of 
portland cement are replaced by still 
smaller particles. 

One may ask: What does the small 
particle size of tobermorite gel have to 
do with the engineering properties of 

b 

hardened cement paste? The answer is 
that the enormous surface area of the 
gel gives rise to the forces responsible 
for the paste's cementing action. The 
surface forces can be visualized by 
imagining a cube representing a crystal 
of sodium chloride. A chlorine atom in 

STRUCTURE OF TOBERMORITE GEL is apparent in these 

electron micrographs, which enlarge the gel particles some 65,000 
diameters. Micrograph a shows an aggregation of tobermorite 
gel fibers obtained from a hardened paste of tricalcium silicate; 

in b, which is from a hard paste of dicalcium silicate, the 

particles appear as thin, rolled sheets. Pastes of portland cement 

rarely show such sheets, but a few appear in micrograph c, which 

is from a Type IV cement. Usually the gel appears in the form of 

unrolled, crumpled sheets, as in d, obtained from a Type I cement. 

Structures give clues to moisture problem illustrated on page 90. 
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the body of the crystal is surrounded by 
six sodium atoms, four on the sides, one 
above and one below. Similarly, each so
dium atom is surrounded by six chlorine 
atoms. A sodium atom located at the 
surface of the crystal, however, is sur
rounded by only five chlorine atoms: 
four on the sides and one below. To 
compensate for the missing chlorine 
atom the sodium atom tends to seize 

some other atom or molecule from its 
surroundings; for example, it may at
tract a water molecule in the atmos
phere. A chlorine atom at the surface of 
the crystal also exhibits a tendency to 
attract external substances. 

This propensity of atoms or molecules 
on the surface of a crystal to attract sub
stances outside the crystal is called 
adsorption. When two surfaces are 

-------

SWELLING AND SHRINKING of concrete occur with changes in moisture and present a 

problem of cracking. Tobermorite gel particles bave the major role in the water movement, 

wbich occurs by means of the mechanisms illustrated here. At top, water penetrates be

tween molecular layers of a tobermorite gel sheet, causing the sheet to expand. In a similar 

action (middle) water enters between the layers of a rolled sheet of tobermorite gel; more

over, it can enter (upper arrow) into the convolutions of the fiber, where expansion will 

occur by adsorption. At bottom water enters the pores between fibers of tobermorite gel. 
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brought close together, they also attract 
each other and for similar reasons. This 
is called adhesion. The particles of to
bermorite gel adhere to each other; they 
also adhere to small crystals in the 
hardened cement paste, to grains of 
sand and to pieces of coarse aggregate, 
cementing everything together. 

The cementing action depends on 
the extent and nature of the surface. 
There are substances such as silica gel 
(a form of silicon dioxide) that have 
more surface area, gram for gram, than 
tobermorite gel does, but the latter is 
a better cementing material because it 
possesses much greater force per unit 
of surface. On the other hand, calcium 
hydroxide, also found in cement paste, 
exerts a stronger attractive force per 
unit of area than tobermorite gel, but it 
is a poorer cementing material because 
one gram of the most finely divided cal
cium hydroxide has only about a tenth of 
the surface area of one gram of tober
morite gel. 

In addition to surface area and sur
face force the other important property 
in determining the strength and dimen
sional stability of hardened portland ce
ment paste is porosity. Inevitably there 
are tiny pores of molecular dimensions 
between particles of tobermorite gel, 
and there are still larger pores between 
aggregations of gel particles. The fOlmer 
are called gel pores; the latter, capillary 
pores or cavities. Even the capillary 
pores are too small to be visible in an 
ordinary light microscope. 

The volume of the pore space in a 
cement paste depends on the amount of 
water mixed with the cement at the 
start. When the paste sets, it acquires 
a stable volume that is approximately 
equal to the volume of the cement plus 
the volume of the water. Let us suppose 
we prepare two 'pastes from the same 
cement, using the same amount of ce
ment but different amounts of water. 
After setting, the paste with the greater 
amount of water will have the greater 
volume. After hydration the two pastes 
will contain the same amounts of solid 
material, because the same amounts of 
cement will produce the same amounts 
of hydration products. The volume of 
one paste, however, is greater; conse
quently that paste will have a larger 
pore space. 

This effect has an important influence 
on the strength of the hardened paste, 
which is the dominant factor in the 
strength of concrete. Pores are filled with 
water and air and they have no strength. 
The strength resides in the solid part of 
the paste-primarily in the tobermorite 
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Basic Research at Honeywell 
Research Center 

Hopkins, Minnesota 

Studies of Small Gap Semiconductors 
for Infrared Detection 

The window in the atmosphere between 3 and 14, mi

crons has stimulated work on devices that w ill detect 

longer wave lengths. New semiconductor materials may 

make practical the detect ion of longer wave lengths 

and therefore t argets with far lower temperat ures. 

The atmosphere offers several windows for 
energy transmission in the infrared spec
trum. One particularly good one occurs 
between 8 and 14 microns where energy 
is transmitted freely. However, radiation 
on either side of the window is blocked due 
to absorption by the molecules in the at
mosphere. 

All objects at temperatures above abso
lute zero give off radiations and the lower 
the temperature the longer the wave length. 
Therefore, if long wave lengths can be de
tected by a practical means, targets of much 
lower temperatures could be recognized. 

Infrared detectors use either intrinsic or 
extrinsic semiconductors. Intrinsic detectors 
use electron transitions within the atoms 
that make up the semiconductor material it
self. The extrinsic type utilizes electron 
transitions that occur due to the presence 
of impurity atoms introduced into the semi
conductor material. (See Fig. A. ) 

While the extrinsic materials permit de
tection of infrared radiation beyond 6 mi
crons, these materials require cooling to 
below 40'K. This calls for bulky, heavy 
apparatus undesirable for airborne applica
tions and difficult to design into multi
element detectors. 

Until now no one has been able to make 
an intrinsic conductor that will detcct pho
tons in the longer wave lengths. In an in
trinsic detector the narrower the energy gap 
between the valence band and the conduc
tion band the easier it is to excite an elec
tron across the gap. This excitation occurs 
two ways: by photon excitation and by 
thermal excitation. The problem is to pro
duce a material with a gap narrow enough 
to respond to long wave lengths (that is, 
low energy photons) but wide enough so 

that practical cooling temperatures will be 
sufficient to minimize thermal excitation. 

Honeywell scientists have performed a 
theoretical analysis which shows the feasi
bility of making an 8 to 14 micron intrinsic 
detector capable of operating at liquid ni
trogen temperature, 77'K. (-320'F. ) 1 � con
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The analysis also shows that by the use 
of intrinsic material the detectors opcrating 
at 77' K could be made so sensitive that 
the only limitation is imposed by the ran
domness of the photons coming from the 
radiation background. Problems present 
themselves in selecting clemcnts for the 
semiconductor. For example: while some 
narrow gap materials meet many of the re
quirements, their gap is so narrow that the 
required cooling is impractical. (This is the 
case with mercury telluride. ) 

Honeywell's contribution to the develop
ment of a suitable detector has been to 
prepare a compound semiconductor com-

posed of different proportions of mercury, 
cadmium and tellurium and to develop a 
theory capable of explaining the behavior 
of this material. 

The compound is difficult to synthesize. 
Mercury evaporates readily at room temper
ature yet the compound requires heating to 
800'C. At this temperature the pressure of 
mercury within the capsule is very high. 

A number of different compositions have 
been formulated. Most promising is a com
pound of approximately 80% mercury tellu
ride and 20% cadmium telluride. With this 
compound Honeywell scientists, for the first 
time, have been able to demonstrate photon 
detection at wave lengths out to 14 microns. 
Previous workers had been able to demon
strate only thermal effects in these mate
rials. 

Further work is under way at Honey
well's Research Center on purification of 
the material and improvement of its crystal 
structure. At the same time additional the
oretical work is under way to further un
derstand the very complex band structure 
of small gap semiconductors. If the tran
sitions in these materials can be explained, 
new insights in semiconductor theory will 
be attained. This research is partially sup
ported by the Aeronautical Systems Divi
sion, Air Force Systems Command. 

If you are engaged in scientific work 
"
involving small-gap semiconductors and 
would like to have copies of papers on the 
subject by Honeywell scientists, you are in
vited to correspond with Dr. Paul W. Kruse, 
Honeywell Research Center, Hopkins, 
Minnesota. 

If you are interested in a career at 
Honeywell's Research Center and hold an 
advanced degree, you are invited to write 
Dr. John Dempsey, Director of Research at 
this same address. 

Honeywell 
[!!] �t�0d 
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gel. The less porous paste will produce 
the stronger concrete. In the mixing of 
concrete, therefore, no more water 
should be used than is absolutely nec
essary. 

The porosity is also a vital factor in 
the dimensional changes of hardened 
paste. Two types of volume change are 
of practical significance. One of these 
is caused by the freezing of water in the 
capillary pores of the paste. Ice has 
a volume 9 per cent greater than that of 
water; hence when water freezes in the 
pores, the expansion develops internal 
pressures that may lead to cracking of 
the concrete. 

The second type of volume change 
results from movement of water into 
and out of the pore system because of 
changes in atmospheric humidity. When 
the humidity increases, water enters the 
paste and the paste swells; when the 
humidity drops, water leaves the pore 
system and the paste shrinks. In actual 
practice the volume changes are quite 
small. A drop in the humidity of the 
environment from 100 per cent to 10 
per cent, which almost never happens, 
causes a change of no more than 2 per 
cent in the volume of cement paste. 
Because the aggregates in concrete re
strain the shrinkage of the paste, con
crete shrinks only a tenth as much 
as hardened paste. Nevertheless, even 
this tiny volume change may produce 
cracking. 

Of the possible improvements in con
crete, the one most needed is a substan
tial reduction in dimensional change. 
One aspect of this problem, the freezing 
of water in the pores, has already been 
solved by a product called air-entraining 
portland cement. Small amounts of 
soaplike materials are growld together 
with the cement clinker. When the ce
ment is mixed with water, billions of 
microscopic air bubbles are produced 
by the soaplike material and become 
entrained in the cement paste. The bub
bles relieve the internal pressure created 
when water freezes in the pores. The 
porosity introduced by the air bubbles 
themselves causes only a small reduction 
in strength, which, if necessary, can be 
easily compensated by a slight reduction 
in the ratio of water to cement. 

The problem of volume changes 
caused by the movement of water has 
not yet been solved. Before it can be 
solved much more must be learned 
about the mechanism of swelling and 
shrinkage, in which tobermorite gel 
plays a dominant role. 

Some clues to the way in which tober
morite gel takes up water can be in-
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ferred from close inspection of the four 
electron micrographs labeled a, b, c and 
d on page 88. Illustration a shows an 
aggregation of tobermorite gel particles 
obtained from a hardened paste of 
tricalcium silicate. The particles are 
straight fibers and the aggregation re
sembles a pile of matches in which the 
matches of each layer are at right angles 
to the matches in the layer below. Illus
tration b shows a few individual fibers 
obtained from a hardened paste of di
calcium silicate. The fibers are actually 
rolls of very thin sheets only two or 
three molecular layers thick. The fiber 
on the left is a partly unrolled sheet. 
Such sheets are seldom found in pastes 
of portland cement. Illustration c, ob
tained from a paste of a Type IV cement, 
shows a few rolled-up sheets. Ordinarily, 
however, tobermorite gel appears as un
rolled crumpled sheets, as shown in il
lustration d, obtained from a paste of 
a Type I portland cement. 

Such micrographs provide the basis 
for three probable mechanisms illus
trated on page 90, by which water may 
enter tobermorite gel in hardened pastes 
of calcium silicates. The diagrams show 
(1) the swelling of stacks of essentially 
flat sheets, (2) the penetration of water 
into rolled-up sheets and (3) the pene
tration of water into the pores that sepa
rate crisscrossed fibers. Because tober
morite gel sheets usually do not form 
rolls in portland cement pastes, the sec
ond mechanism is probably not too im
pOltant in the practical technology of 
concrete. But a fourth mechanism, 
which is not illustrated, may be the most 
important cause of dimensional changes 
at high humidities. We have mentioned 
that in addition to gel pores there are 
larger pores in the paste between the 
aggregations of gel particles. Water has 
ready access to these pores and swells the 
hardened paste. 

These mechanisms do not exhaust the 
sources of dimensional changes in ce
ment pastes due to moisture. The reason 
is that portland cement pastes contain 
not only tobermorite gel but also the hy
dration products of tricalcium aluminate, 
which similarly contribute to dimen
sional changes. The fraction of the total 
volume change attributable to various 
mechanisms has yet to be determined. 
\Vhen the mechanisms are quantita
tively understood, one can expect to 
find ways to influence them. A concrete 
of greater dimensional stability than any 
now produced is a distinct possibility. 
Even if the new product is not "just 
around the corner," it will exist in the 
not too distant future. 
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A Neolithic City in lurkey 

An ancient mound now known as 9atal Huyuk has yielded evidence 
that comlnunities with high�y developed economic structure, religion 
and art existed as long ago as 7000 B.C. and perhaps even earlier 

E
xcavations on the Anatolian pla

teau of Turkey a few years ago 
provided an answer to an archae

ological question of long standing about 
Neolithic culture. The Neolithic is the 
stage of civilization at which men began 
to cultivate crops and to domesticate 
animals and as a result of these activities 
to dwell in permanent settlements; in 
the Near East this stage occurred rough
ly between 7000 B.C. and 5000 B.C. The 
question was how Neolithic culture had 
moved from the Near East into Europe. 
The answer was that the movement was 
overland, by way of the Anatolian pla
teal!. Such a route had long seemed to 
archaeologists a logical supposition, but 
until Neolithic communities were ex
cavated on the plateau there had been 
no direct evidence to support the sup
position [see "Hacilar: A Neolithic Vil
lage Site," by James Mellaart, SCIEN
TIFIC AMERICAN, August, 1961]. 

In answering one question, however, 
these excavations raised another: What 
were the origins of the culture of which 
Hacilar was representative? The Late 
Neolithic culture found at Hacilar had 
arrived there fully developed. The long 
gap between its arrival, probably about 
6000 B.C., and the desertion of a pre
pottery village on the same site some 
500 years earlier needed investigation. 
The gap appeared to correspond to the 
Early Neolithic period. If an Early Neo
lithic site could be excavated on the 
plateau, it might indicate the origin of 
the Hacilar culture and provide a longer 
culture sequence. 

We had such a site in mind. I had 
found it about 30 miles southeast of the 
modern city of Konya in 1958: an an
cient mound (hiiyiik in Turkish) bearing 
the name Catal. The mound, covered 
with weeds and thistles, stood in the 
middle of a great plain. Lying on what 
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by James Mellaal't 

was once the bank of a river (now ca
nalized into other channels to prevent 
flooding) that flows from the Taurus 
Mountains onto the plain, it rose gently 
from the fields to a height of 50 feet. 

Catal Hiiyiik seemed to be the most 
promising of some 200 sites we had vis
ited on the Konya plain. A preliminary 
investigation indicated, to our delight, 
that the site belonged substantially, if 
not wholly, to the Early Neolithic pe
riod. Small fragments of pottery and 
broken obsidian arrowheads showed 
an unmistakable resemblance to those 
found in the deepest Neolithic levels at 
Mersin on the southern coast of Turkey, 
and at Catal Hiiyiik they were on top 
of the mound. Moreover, the pottery 
looked more primitive than anything we 
had found at Hacilal'. 

So it was that Catal Hiiyiik's 8,000 
years of slumber came to an end on May 
17, 1961, when our party began excava
tions. Ten days later the first Neolithic 
paintings ever found on man-made walls 
were exposed, and it was clear that 
Catal Hiiyiik was no ordinary site. Suc
ceeding excavations in 1962 and 1963 
have confirmed this impression. With its 
story only partly revealed by the exca
vations to date, Catal Hiiyiik has already 
added to the archaeological evidence 
that the development of towns and 
cities (as distinct from villages) goes 
farther back in antiquity than had been 
thought. Catal Hiiyiik deserves the 
name of city: it was a community with 
an extensive economic development, 
specialized crafts, a rich religious life, 
a surprising attainment in art and an 
impressive social organization. 

For the opportunity to explore this 
story we are indebted to several organ
izations. Our excavations have been sup
ported by the Wenner-Gren Found:ltion 
for Anthropological Research, the Bol-

lingen Foundation, the British Academy, 
the University of London, the Univer
sity of Edinburgh, the Royal Ontario 
Museum, the Australian Institute of 
Archaeology, the University of Canter
bury in New Zealand and the late 
Francis Neilson. The Shell Oil Company 
and British Petroleum Aegean Limited 
provided technical help. Numerous 
other institutions have contributed in 
such ways as sending experts to the site 
or making analyses of material found it 
the site. 

C atal Hiiyiik covers 32 acres and so 
� is easily the largest known Neo

lithic site, although how much of the 
site was occupied at any given period 
cannot be said with certainty. Appar
ently the settlement grew up from the 
riverbank, and the substantial part of 
the mound that spreads back from the 
river therefore dates from later phases 
of settlement. Our excavations, covering 
about one acre, have so far been concen
h'ated on the southwest side of the 
mound, in a quarter that appears to have 
been sacred and residential. Because 
we have found nothing but finished 
goods in this area, we assume that the 
bazaar quarter with the workshops lies 
elsewhere in the mound. 

With different quarters for different 
activities, a clear specialization in crafts 
and a social stratification that is obvious 
in both the size of the houses and the 
quality of burial gifts, this settlemen t 
was not a village of farmers, however 
rich. It was far more than that. In fact, 
its remains are as urban as those of any 
site from the succeeding Bronze Age yet 
excavated in Turkey. 

We have found at Catal Hiiyiik 12 
superimposed building levels, which we 
have numbered from 0 to VI-A and 
VI-B to X according to their apparent 
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Access to the buildings was solely from the roof, so that the ex· 

terior walls presented a solid blank face, which served effectively 

as a defense against both attackers and floods. <;atal Hiiyiik showed 

a surprising evolution of civilization for so early a community. 
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chronology from latest to earliest [see 
illustration on page 99]. All these levels 
belong to a single culture that was un
interrupted in development and shows 
no signs of destruction attributable to 
outside forces. The entire sequence so 
far discovered appears to cover the sev
enth millennium B.C., although radio
carbon dating of <;atal Hiiyiik materials 
now in progress at the University of 
Pennsylvania may provide a more pre
cise time scale. The core of the mound, 
however, remains to be sounded, and a 
full 10 meters of deposit there may take 
the origins of <;atal Hiiyiik back to the 
end of the last continental glaciation. 

I-louses at <;atal Hiiyiik were built of 
shaped mud brick of standard sizes. 

Because the nearest stone was several 

miles away and would have been diffi
cult to bring to the site, the foundations 
of the houses also consist of mud brick, 
laid in several courses. By these founda
tions it is possible to recognize buildings 
even if their floors are gone, as is the 
case in Level O. The houses were rec
tangular, usually with a small storeroom 
attached [see illustration on preceding 
page]. Apparently these dwellings were 
one-story structures, perhaps with a 
wooden veranda. 

The houses show a remarkable con
sistency of plan inside. Along the east 
wall there were two raised platforms 
with a higher bench at the southern end. 
This arrangement constituted a "divan," 
used for sitting, working and sleeping. 
The smaller corner platform evidently 
belonged to the male owner and the 

____ ...:3[ 

larger central platform to the women 
and children. This hierarchic convention 
appears from Level X to Level II and 
probably existed in Levels I and 0, of 
which little remains. There are numerous 
variations on this arrangement of built
in furniture, including situations in 
which platforms appear along the north 
or west wall. The hearth was invariably 
at the south end of the room, sometimes 
accompanied by an oven and less often 
by a kiln. There was a reason for this 
location of the fires: it had to do with 
the manner in which the houses were 
entered. 

The entrance was, as in some Ameri
can Indian villages, a hole in the roof, 
over which there was surely some sort of 
canopy-like shelter. The roof opening 
was always on the south side of the 
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AREA OF NEAR EAST in which the culture represented by (:atal 

Hiiyiik was located is sbown. Triangular symbols show Neolithic 
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sources of flint. (:atal Hiiyiik was chosen for extensive archaeologi. 

cal work after excavations at Hacilar revealed a Late Neolithic cuI· 

ture that had arrived fully developed from some other place. (:atal 
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dwelling; thus it served both as a smoke 
hole and as an entrance. All access from 
the outside to the roof was by a movable 
ladder. From the roof into the dwelling 
the usual access was by a fixed ladder, 
although some buildings had another en
trance through a well-plastered ventila
tion shaft that apparently had a movable 
ladder. Communication between dwell
ings was accomplished over the rooftops. 
There is little evidence of lanes and 
passages, and the courtyards that exist 
(often merely a ruined house) appear to 
have been used only for rubbish disposal 
and excreta. 

The system of roof entrances meant 
that the outside of the settlement 

presented a solid blank wall. This was 
a check against enemies and also against 

Hiiyiik apparently represents a culture that 

was a forerunner of Hacilar's and eventual

ly may he traced hack farther than 7000 B.C. 

floods. It was evidently a successful de
fense system, as is indicated by the ab
sence of any signs of massacre. About all 
any attackers could do-armed as they 
were with nothing more than bow and 
arrow, slings and stone tools-was to raid 
the cattle kept in corrals on the edge of 
the settlement or to set fire to the roofs. 
The defenders, in contrast, had the ad
vantage of height and probably of supe
rior numbers. In any case, because of 
the successful defense the only form of 
destruction suffered by <;;atal Hiiyiik was 
fire. Most of the buildings in levels from 
VI to II were destroyed by fire; but with 
numerous hearths and ovens and the 
high winds of the region a disastrous 
fire about once a century is no more than 
could be expected. 

As a result of these fires the car
bonized remains of cereal grains and 
other foods are plentiful at <;;atal Hiiyiik. 
There are also many animal bones. The 
food remains and the bones tell a great 
deal about the domestic economy of the 
settlement; the studies being made of 
them by the paleoethnobiologist Hans 
Helbaek of the National Museum of 
Denmark and the zoologist Dexter Per
kins, Jr., of Harvard University will 
probably yield important additional in
formation. 

On the basis of what is now known 
Helbaek has described the grain finds 
as "the largest, richest and best pre
served of all early cereal deposits so far 
recovered," providing "some of the most 
significant genetical and cultural" data 
yet obtained about early civilization. The 
grains, unlike the finds in other early 
Near Eastern settlements of cultivated 
plants little removed from their wild 
ancestors, include such hybrids and mu
tants as naked six-row barley and hexa
ploid free-threshing wheat, which were 
introduced into Europe from Anatolia in 
the sixth millennium B.C. The use made 
of the grains is indicated by the grain 
bins found in every house and the many 
mortars for dehusking and querns for 
grinding. In addition to cereals, peas 
and lentils the community grew bitter 
vetch and some other crops; the resi
dents also collected nuts, fruits and 
berries. 

The zoological remains are no less in
teresting: they show the presence of do
mesticated sheep even below Level X 
and cows as early as Level VII. Goats 
and dogs also appear to have been do
mesticated, but there is no indication 
that pigs were. Their absence may be 
due to religious considerations. Although 
the domesticated animals provided the 
community with wool, milk, meat and 

skins, the people had by no means aban
doned hunting. Wild cattle and red deer 
were extensively hunted, as were wild 
asses, wild sheep, boars and leopards. 

With such an abundant diet it is not 
surprising to find from the skeletons that 
the inhabitants were generally healthy. 
Bone disease was rare, teeth were good 
and this dolichocephalic (long-headed) 
people were fairly tall: the males ranged 
from about five feet six inches to five 
feet 10 and the females from five feet 
to five feet eight. Still, as is to be ex
pected of such an ancient era, few in
dividuals reached middle age. 

The burials were inside the houses, 
beneath the platforms. Most of the 

skeletons we have found are those of 
women and children; presumably many 
of the males died away from home on 
hunting or fighting forays. The dead 
were buried in a contracted position, 
usually lying on their left side with feet 
toward the wall. Isolated burials were 
rare; some buildings contain several gen
erations of a family, with 30 or more 
burials. It appears to have been the 
practice before final burial to strip the 
bodies of flesh by a preliminary inter
ment, or by exposure to vultures, insects 
or microorganisms on an outdoor plat
form, sheltered by gabled structures 
built of reeds and mats. Thereafter the 
bones, still more or less held in position 
by the ligaments, were wrapped in cloth 
and given final burial, often being laid 
out on mats of cloth, skin or fur. 

The burials provide information about 
the dress, weapons and jewelry of the 
<;;atal Hiiyiik people. Male dress con
sisted of a loincloth or a leopard skin, 
fastened by a belt with a bone hook and 
eye; the men appear also to have worn 
cloaks fastened with antler toggles in 
the winter. The women wore sleeveless 
bodices and jerkins of leopard skin, with 
fringed skirts or string skirts-the ends of 
the string being encased in copper tubes 
for weighting. The women used bone 
pins for fastening garments. 

'Weapons buried with the men in
cluded polished stone maceheads, ob
sidian arrowheads and javelin heads and 
sometimes an obsidian spearhead. Fre
quently there was a fine flint dagger with 
a chalk or bone handle and a leather 
sheath. 

Jewelry was mainly for the women 
and children. They wore the necklaces, 
armlets, bracelets and anklets we found 
made of beads and pendants in a great 
variety of stone, shell, chalk, clay, 
mother-of-pearl and (as early as Level 
IX) copper and lead. Cosmetics were 
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SITE OF NEOLITHIC CITY is this mound on the Anatolian 

plateau of Turkey. The Turkish word for mound is hiiyiik, and this 

one, which rises 50 feet above the plain, has the modern name of 

GENERAL VIEW OF EXCA VA TIONS at (:atal Hiiyiik shows 

work in progress in Level VI, which is near the middle of the 12 

levels of construction explored to date. The author chose (:atal 
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(:atal. After the inhabitants left about 6000 B.C. it lay deserted for 

8,000 years; when excavations were started in 1961, it was heavily 

overgrown. In this photograph the view is from west of the site. 

Hiiyiik as the most promising of more than 200 sites he visited on 

the Anatolian plateau in a search for a representative Early Neo· 

lithic community. The site proved to have been a major settlement. 
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widely used, judging from the number 
of related articles we found, such as 
palettes and grinders for their prepara
tion, baskets or the shells of fresh-water 
mussels for their containers and delicate 
bone pins for their application. The cos
metics probably consisted of red ocher, 
blue azurite, green malachite and per
haps galena. The women, once arrayed, 
used mirrors of highly polished obsidian 
to see the effect. 

Several times we found food remains 
with the dead: berries, peas, lentils, eggs 
or a joint of meat put next to the de
ceased in baskets or in wooden bowls and 
boxes, which are carved with great deli
cacy. These wooden vessels are a char
acteristic of the (::atal Hiiyiik culture, 
and even when pottery began to appear 
in quantity around 6500 B.C., baskets 
and wooden bowls continued in use and 
had a strong inRuence .on the pottery. 
The ovals and boat shapes, the lozenges 
and rectangles that appear in the pot
tery, not only from Lt;vel VI-A upward 
at (::atal Hiiyiik but also in the following 
Late Neolithic of Hacilar, have their 
origins in the wood-carving tradition of 
early (::atal Hiiyiik. In the same way 
numerous pottery vessels have features 
such as handles that derive from the 
earlier basketry. 

The first production of pottery at 
(::atal Hiiyiik is found in Levels X and 
IX, but evidently this soft ware could not 
compete with traditional wood and wo
ven products. It was not until the end 
of Level VI-A, when technical improve
ments had led to the production of an 
excellent hard baked ware, that pottery 
came into general use. The pottery was 
handmade and highly burnished. At first 
it was all dark brown or black; cooking 
pots were left that way but other objects 
were soon turned out in red, buff or 
mottled

' 
tones. In the upper levels of the 

mound animal heads start to appear on 
oval cups, and an over-all red slip, or 
coating, is in use, but painting on pott�ry 
was apparently never achieved. This 
pottery develops without a break into 
that of Late Neolithic Hacilar. 

Another area in which (::atal Hiiyiik 
shows a people of remarkable technical 
competence and sophistication is textiles. 
We found some carbonized textiles in 
burials as far down as Level VI. They 
appear to have been wool, and at least 
three different types of weaving can be 
distinguished. These are the earliest tex
tiles yet known; Helbaek has written of 
them that "we shall be hard put to it to 
find evidence of more perfect work any
where within the following thousand 
years." 

It is singular that with all these prod
ucts of human workmanship we have 
found so few traces of the workmen. 
None of the 200 houses and shrines ex
cavated so far has shown any evidence 
that any art or craft other than food 
preparation was carried on within. We 
have much fine woolen cloth but only 
one or two spindle whorls or loom 
weights, and these are from fill rather 
than from Roor deposits. We have thou
sands of finely worked obsidian tools 
but only two small boxes of chips, thou
sands of bone tools but no piles of waste 
or splinters. Somewhere in the mound 
there must be the workshops of the 
weavers and basketmakers; the mat
makers; the carpenters and joiners; the 
men who made the polished stone tools 
(axes and adzes, polishers and grinders, 
chisels, maceheads and palettes); the 
bead makers who drilled in stone beads 
holes that no modern steel needle can 
penetrate and who carved pendants and 
used stone inlays; the makers of shell 

. beads from dentalium, cowrie and fossil 
oy

'
ster; the Rint and obsidian knappers 

who produced the pressure-Raked dag
gers, spearheads, lance heads, arrow
heads, knives, sickle blades, scrapers and 

LEVEL FINDINGS 

borers; the merchants of skin, leather 
and fur; the workers in bone who made 
the awls, punches, knives, scrapers, la
dIes, spoons, bowls, scoops, spatulas, 
bodkins, belt hooks, antler toggles, pins 
and cosmetic sticks; the carvers of wood
en bowls and boxes; the mirror makers; 
the bowmakers; the men who hammered 
native copper into sheets and worked it 
into beads, pendants, rings and other 
trinkets; the builders; the merchants and 
traders who obtained all the raw mate
rial; and finally the artists-the carvers of 
statuettes, the modelers and the painters. 

The unusual wealth of the city of 
(::atal Hiiyi.ik, as manifested by this 

great variety of sophisticated workman
ship, is a phenomenon as yet without 
parallel in the Neolithic period. At the 
base of course lay the new efficiency of 
food production, transplanted from its 
probable origin in the hills to the fertile 
alluvial plain. Although that may ac
count for the unprecedented size of the 
city, something else is needed to explain 
the community's almost explosive 

'
de

velopment in arts and crafts. 
The key undoubtedly lies in the com

munity's dependence on the import of 

CHARACTERISTICS 
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FEW OBJECTS (LIMITED EXCAVAT ION) 

CHRONOLOGY OF HABITATION at (:atal Hiiyiik is indicated in this chart. Each level 

above VI·B apparently was built because of fire damage to the preceding level; the site 

appears to have been deserted after a fire in Level O. Levels may yet be found below X. 
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EXCA V ATED SHRINE is in Level VI. Three plaster heads of 

bulls appear atop one another on the west wall, with a half·meter 

RECONSTRUCTED SHRINE is the same as that shown above. 

The drawing represents the author's conception, based on excava· 

tions of several shrines at (:atal Hiiyiik, of how the room might 
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scale below them; on the north wall is a ram's head made of 

plaster. At bottom right is the remaining part of a small pillar. 

have looked in Neolithic times. The stylized heads of animals 

and women's breasts probably were fertility symbols. Many of the 

city's shrines also had wall paintings of remarkable sophistication. 
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raw materials (other than clay, timber 
and food) from near and far. One cannot 
possibly be wrong in suggesting that it 
was a well-organized trade that pro
duced the city's wealth. Moreover, it 
appears likely that the trade in obsidian 
was at the heart of this extensive com
merce. This black volcanic glass, which 
first appeared in the preceding Meso
lithic period, became the most wide
spread trading commodity during the 
Neolithic period in the Near East. It has 
been found in the "proto-Neolithic" and 
prepottery Neolithic periods at Jericho; 
it occurs as far south as Beidha near 
Petra; it reached Cyprus in the sixth 
millennium. The origin of this obsidian, 
which was the best material of the time 
for cutting tools, was almost certainly 
central Anatolia, and it is extremely 
likely that the city of Catal Hiiyiik con
trolled this source and organized the 
trade. The then active volcanoes of 
Hasan Dag, Karaca Dag, Mekke Dag 
and others lie on the edge of the Konya 
plain. The nearest is some 50 miles east 
of Catal Hiiyiik, and all are visible on 
a clear day. These sources of obsidian 
were well within the limits of the cul
ture area of which Catal Hiiyiik was the 
undisputed center. 

This hegemony was not only economic 
but also religious and therefore politi

cal; in the ancient world no authority 
could exist without religious sanction. 
About the political system of Catal 
Hiiyiik one can do little more than guess 
because there are no writings from the 
community. It seems likely, however, 
that at such an early stage of civilization 
only the priests could have been the 
bearers of authority. 

Of the religious system one can say 
more because of the shrines and religious 
art we have found at Catal Hiiyiik. In 
my view they constitute the community's 
most important archaeological contribu
tion. I would maintain, perhaps wrongly, 
that the Neolithic religion of Catal 
Hiiyiik (and of Hacilar) was created by 
women. In contrast to nearly all other 
earlier and later "fertility cults" of the 
Near East, it significantly lacks the ele
ment of sexual vulgarity and eroticism 
that is almost automatically associated 
with fertility and probably is the male's 
contribution. If the Catal Hiiyiik religion 
is a creation of women, one has the rare 
opportunity of exploring Neolithic wom
an's mind by studying the symbolism she 
used in her effort to comprehend and 
influence the mysteries of life and death. 

Of these symbols there is an abun
dance. In addition to schematic clay fig-
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NEOLITHIC ARTIFACTS found at Level VI of (:atal Hiiyiik and dating from about 6500 

B.C. include bone necklace, bone pin, stone beads, limestone bracelet and obsidian mirror. 

WALL PAINTING found in Level VI shows children's hands. (:atal Hiiyiik yielded the 

earliest known paintings on man-made walls. Most of the painting had a religious purpose. 
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urines of people and more naturalistic 
animal figures, there is a unique collec
tion of fine statuettes. Those from the 
upper layers are modeled in clay; those 
in the lower layers are carved from 
stone. Beyond these, which together with 
burial rites are usually the archaeologist's 
only sources of information about reli
gion, <;:atal Hiiyiik has produced no 
fewer than 40 shrines and sanctuaries. 
They are at every level, but the nine in 
Level VI-A, the 12 in Level VI-B and 
the eight in Level VII are particularly 
rich in information. Wall decorations 
occur in most: painted scenes with nu
merous human figures in Levels III and 
IV; modeled and sometimes painted re
liefs in Levels VI-A through X. 

The shrines, although frequently large 
and well appointed, do not differ in plan 
from the houses, but they are much more 
lavishly decorated [see illustration on 
page 100]. Even if they were not con
tinuously lived in, they served as burial 
places, presumably for their priestesses 
and the priestesses' families. It is only in 
the shrines that we have found reliefs 
and symbolism connected with life and 
death. From these it is possible to recon
struct in some degree the Neolithic 
pantheon. 

The supreme deity was the Great God-
dess. Often represented beside her 

are a daughter and a young son. A 
bearded god, who is always shown on a 
bull, was perhaps the Great Goddess' 
husband. No other deities appear. This 
group, therefore, probably constitutes 
the "holy family." Statues and reliefs 
represent the female deities either as two 
goddesses or as twins. The idea behind 
the duplication is evidently that of age 
and fertility, the whole aim of the reli
gion being to ensure the continuity of 
life in every aspect: wildlife for the 
hunter, domesticated life for the civi
lized communities and finally the life of 
Neolithic man himself. 

It is doubtful that Neolithic thought 
regarded these as four distinct deities. 
More likely the representations show 
aspects of the goddess as mother or as 
daughter and virgin, with the god as 
consort or son. The role of the male deity 
is more pronounced at <;:atal Hiiyiik than 
it is at Hacilar, perhaps because in <;:atal 
Hiiyiik hunting and the domestication of 
wild animals still held major importance, 
but in general the male plays a subsidi
ary role. 

Scenes dealing with life are generally 
found on the west wall of the shrines. 
A typical scene shows the goddess giv
ing birth to a bull or ram. Scenes deal-
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ing with death are found on the east 
wall: in three shrines the east-wall paint
ings show vultures attacking headless 
human corpses. Usually, however, the 
subject of death is expressed in more 
subtle ways. Representations of women's 
breasts, for example, which are of course 
symbolic of life, contained such items 
as the skulls of vultures, the lower jaws 
of wild boars and the heads of foxes and 
weasels-all scavengers and devourers 
of corpses. 

The symbolism of west and east walls, 
or right and left, is matched by black 
and red: the red associated with life, 
the black with death. Panels of red 
hands are common, and several burial 
s;tes show remains of a coating of red 
ocher, which was evidently intended to 
be a substitute for blood and so a means 
of restoring life, at least symbolically. 
A great black bull covered the vulture 
paintings; both were symbolic of death. 
Contrasted with these was another 
painting of an enormous red bull sur
rounded by minute jubilant people. 

There are some strange figures in the 
shrines. A stern-looking representation 
of the goddess was found with a head
less bird, probably a vulture. Numerous 
figures roughly carved out of stalactites 
suggest a link with the dark world of 
caves, man's first refuge and sanctuary. 
An odd painting seems to represent a 
honeycomb with eggs or chrysalises on 
boughs and with bees or butterflies, 
which perhaps symbolize the souls of 
the dead. It is framed by alternate red 
and black hands along the top and gray 
and pink hands along the base. An 
earlier painting shows alternate red and 
black lines, resembling a net, similarly 
framed by hands. Net patterns decorate 
several other religious scenes, together 
with symbols of horns, crosses and 
hands. Crosses, perhaps a simplified 
form of a four-petaled flower, were 
painted on a statuette of the goddess as 
well as on numerous walls; probably 
they are to be interpreted as fertility 
symbols. Rosettes and the double ax 
(or butterfly) are in the same category. 

In several shrines and houses sche
matized heads of bulls in the form of a 
pillar serve as a cult symbol for protec
tion. We have found curious benches 
with one, two, three or seven pairs of 
the bone cores of horns stuck in the 
sides. These defy explanation. Perhaps 
they figured in the burial rites, con
ceivably serving as a bier while the grave 
was dug. 

Of the rites performed in the shrines 
little can be said. It is apparent, how
ever, from the absence of blood pits and 
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eLA Y SEALS, most about the size of a postage stamp, apparently were used for identifica

tion_ No house had more than one, and all the designs differed. These were in Levels II-IV. 

STATUE OF GODDESS, done in clay and about eight inches high, shows her glvmg 

birth. Many representations of the goddess were found at (:atal Hiiyiik; this was in Level II. 
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animal bones that there was no sacrific
ing of animals in the shrines. There were 
offerings of other kinds. In a shrine in 
Level II we found grain that had been 
burned on the plastered ceremonial altar 
and then covered by a new coat of 
plaster; this suggests the first offering 
after the harvest. In the earlier build
ings, particularly in Level VI, there are 
offerings of all sorts: pots that doubtless 
contained food and drink; groups of 
hunting weapons, maces, axes and cere
monial flint daggers; tools; bags of ob
sidian; beads and many other objects, 
all unused or in pristine condition. 

The wall paintings were mostly cre
ated for religious occasions and were 
covered with white plaster after they 
had outlived their usefulness. The paint 
was made of minerals mixed with fat; 
the painter worked with a brush on a 
white, cream or pale pink surface. The 
range of colors is extensive. Red in all 
shades, including pink, mauve and 
orange, is predominant. The other col
ors are white, lemon yellow, purple, 
black and (very infrequently) blue. We 
have yet to find green. In a class apart 
from the religious paintings are several 
paintings of textile patterns, which at
test the importance attached to weav
ing. Many of them show kilims, or wo
ven carpets, making carpet weaving an 
art that can now be traced back to Neo
lithic times. 

M any seasons of work remain at Catal 
Hi.iyiik. It is therefore premature 

to speak definitively about the origins 
of this remarkable civilization. It can 
be said, however, that the discovery of 
the art of Catal Hiiyiik has demon
strated that the Upper Paleolithic tradi
tion of naturalistic painting, which died 
in western Europe with the end of the 
ice age, not only survived but flourished 
in Anatolia. The implication is that at 
least part of the population of <;;atal 
Hiiyiik was of Upper Paleolithic stock. 

These people may not have been the 
first to learn the arts of cereal cultiva
tion and animal husbandry, but they 
improved on the techniques to such an 
extent that they were able to produce 
the surplus of food that permits the be
ginning of leisure and specialization. By 
the seventh millennium they had cre
ated the first Mediterranean civilization, 
of which Catal Hiiyiik is such an im
pressive representative. In time the off
shoots of that civilization reached the 
Aegean shore, and by the SIxth millen
nium Anatolian colonists were laying 
the foundations for the ultimate devel
opment of civilization in Europe. 
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Sequence 

Celanese has a variety of products and a body of technology 

that are available in world markets. 

We have a policy for serving foreign markets which we 

believe promotes both the success of the venture and the 

interests of the nationals of the host country. 

First, we attempt to identify a basic human need which 

our products can help to fill. 

Then, selling initially through normal export channels, 

we attempt to fit our products into the existing technological 

capabilities of the country. This often requires adaptation. 

We support all of our products with technical application 

know-how and, where appropriate, advertising and promotion. 

When we have established a firm demand and a measurable 

market, we build a completely modern production facility. 

Usually local capital is invited to participate and we staff the 

operation, as far as possible, with local people. 

When the venture prospers, we use it as a base to re-export 

the technology with the help of our new partners. Celane,e® 

CHEMICALS FIBERS PLASTICS POLYMERS 
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PETRIFIED TREE TRUNKS were all photographed in the vicinity 

of Specimen Ridge in northeastern Yellowstone Park (see bottom 

map on page 108). Pine stump (left) is on the grassy northern 

CROSS SECTION of a petrified branch of an extinct genus of 

pine (Pityoxyloll) is shown slightly larger than actual size in this 

slope of the ridge. Sycamore (center) has been freed from the sur· 

rounding volcanic debris by erosion. Redwood stump (right) is one 

of the largest in the area, having a circumference of about 16 feet. 

photograph. Colors are caused by impurities in the petrifying 

mineral (silica) and by residual carbon from the original wood. 
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The Petrified Forests of Yellowstone Park 

The most extensive fossil forests of their kind 

they contain much infornlation about the climate 

In the world, 

and geologic 

histor,y of the Rocky Mountain regwn some 55 lnillion years ago 

T
he northeastern quadrant of Yel
lowstone National Park is a rug
ged, mountainous region lying 

between 6,000 and 1 1,000 feet above 
sea level. Its climate is characterized as 
being from cool-temperate to subarctic; 
its forests consist of conifers with a 
small admixture of hardwoods. During 
the Eocene epoch, which lasted from 
some 60 million to 40 million years ago, 
the same area presented a strikingly dif
ferent scene. The countryside was a 
series of broad, flat river valleys separat
ed by gently rolling hills. The average 
elevation was between 2,000 and 4,000 
feet and the climate ranged from warm
temperate in the hills to subtropical in 
the valleys. Rainfall was probably be
tween 50 and 60 inches a year. The 
composition of the dense lowland forests 
was roughly the reverse of what it is 
today, with the hardwoods dominant 
and the conifers in the minority. 

These and many other details of the 
geologic, climatic and botanical con
ditions prevailing in the region during 
the Eocene have been preserved by a 
remarkable series of events that trans
formed the ancient forests into forests of 
stone. The first stage in this transfor
mation was sudden and catastrophic. 
Volcanic eruptions to the east and north
east of the present boundaries of Yellow
stone Park showered the surrounding 
valleys with rocks, ash and other debris, 
which accumulated gradually over a 
number of years until, at the end of the 
period of volcanic activity, the forests in 
the valleys were buried to an average 
depth of 10 to 15 feet. After some 200 
years a new forest began to grow on top 
of the desolate blanket of volcanic de
bris. Meanwhile mineral-bearing waters 
below the surface had begun the long 
process of turning the buried tree trunks 
into stone. Today, many millions of 
years later, the volcanic matrix sur-

by Erlill<T Dort' . to 

rounding the buried trunks has eroded 
away in places, leaving the petrified re
mains of the ancient trees standing up
right exactly where the trees had been 
growing originally. 

This remarkable accident of preserva
tion alone would be enough to make 
the petrified forests of Yellowstone Park 
extremely valuable to the paleobotanist. 
The much more famous "petrified for
est" in the Painted Desert region of 
eastern Arizona is really not a forest at 
all. The hundreds of huge stone logs 
that lie scattered in all directions in this 
region are far from the site where they 
once grew, having been carried down
stream in an ancient "log drive" some 
175 million years ago. Although there 
are a few other places in the western 
U.S. where petrified tree trunks ,still 
stand upright in their original position, 
the fossil forests of Yellowstone Park 
are by far the most extensive of their 
kind in the world, covering an area of 
more than 40 square miles. 

W
hat makes these forests even more 
extraordinary, however, is the evi

dence that in at least one location the 
whole process of burial and petrifac
tion took place not once but many times. 
On a steep bluff overlooking the Lamar 
River a few miles above its confluence 
with the Yellowstone River [see bottom 
map on page 108] no fewer than 27 
distinct layers of petrified trees have 
been exposed by erosion. These layers, 
which total about 1,200 feet in depth, 
represent alternating periods of violent 
volcanic activity and quiet forest growth 
over a span of some 20,000 years. A 
detailed study of the petrified h'lll1ks, 
fossilized leaves and other plant remains 
in these layers has yielded much infor
mation about the climate and geologic 
history of the Rocky Mountain region 
during the Eocene epoch. 

The "Fossil Forest" in the vicinity of 
the Lamar River and several other 
groups of petrified trees nearby were 
discovered in the 1870's by W. H. 
Holmes, an artist, explorer and geolo
gist. In a report to the U.S. Geological 
Survey made in 1879 Holmes wrote: 
"The bleached trunks of the ancient 
forests ... stand out on the ledges like 
the columns of a ruined temple." 
Holmes was able to count " 10 or more 
buried forests," which he portrayed in a 
drawing accompanying his report. Over 
the past few years my students at 
Princeton University and I have visited 
the site on many occasions. Our investi
gations have added 17 layers of forest to 
Holmes's 10; our revision of his drawing 
appears on page llO. 

The material in which the forests 
are buried consists chiefly of three dif
ferent types of sedimentary rock: (1) 
conglomerates, or consolidated masses 
of rounded pebbles believed to have 
been laid down as stream deposits; (2) 
breccias, or similar masses composed 
mainly of angular fragments and prob
ably deposited in the course of exten
sive mudflows or landslides, and (3) 
tuffs, or solidified volcanic ash depOSited 
directly from the atmosphere, usually 
into lakes and streams. Of these only the 
tuffs contain fossilized plant remains 
other than petrified trunks; these re
mains include fossilized leaves, ferns, 
cones, needles and seeds [see illustra
tions on page 112]. Associated with the 
fossil-bearing volcanic layers are other 
beds-some of them 1,000 feet thick
of basalt, a dark, fine-grained, solidified 
lava. Since the lava was hot at the time 
it spread over the land, there are no 
petrified trunks or other plant remains 
in these beds. 

Geologists have suspected for a long 
time that volcanic sediments are gen
erally deposited much more rapidly 

107 

© 1964 SCIENTIFIC AMERICAN, INC



YELLOWSTONE PARK (area inside broken black line) is the oldest and largest national 

park in the U.S., occupying more than two million acres in northwestern Wyoming, Idaho 

and Montana. Rectangular area inside solid black line at top right contains most of the 

petrified trees in the park and appears in larger scale in map below. Gray lines are roads. 

PRINCIPAL SITES where pp.trified trees and other fossilized plant remains have been dis· 

covered are indicated by black triangles on this map. "Fossil Forest" is at bottom right. 
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than other sediments. We were able to 
confirm this suspicion by calculating 
the rate of deposition of the fossil
bearing beds in the Lamar River re
gion. We observed that each of the 27 
forests in these beds was buried by a 
single deposit of volcanic debris. We 
also knew from more recent volcanic 
eruptions in Mexico that a new fcrest 
begins to grow on top of a volcanic 
sediment about 200 years after the 
sediment has been deposited. By count
ing the number of annual growth rings 
in the buried stumps we were also able 
to estimate the age of each forest at the 
time of its burial. In some cases we 
found as many as 500 of these growth 
rings. From these data we were able to 
calculate that the entire 1,200-foot "lay
er cake" of sediments exposed at this 
site must have been deposited over a 
period of some 20,000 years. This is 
equivalent to about three-quarters of an 
inch a year, a rate of deposition roughly 
100 times more rapid than that esti
mated for shallow-water sand or mud 
sediments of a comparable age in the 
Gulf Coast region of southeastern North 
America. 

The mechanisms involved in the pres
ervation of plant fossils in volcanic 
sediments vary considerably. The proc
ess of petrifaction, which transforms 
buried stumps or logs into stone, is 
now known to be quite different in most 
cases from the old textbook explanation 
of a "molecule-by-molecule replace
ment" of plant materials by mineral 
matter. In 1927 Ruth N. St. John of 
Cornell University showed that usually 
the mineral matter merely fills the cavi
ties inside the empty wood cells. During 
the process the tough cellular walls of 
the wood become surrounded almost in 
their original state by the petrifying 
mineral matter. This preserves even the 
most delicate microscopic details of the 
original wood. 

In the Yellowstone Park region the 
petrifying mineral is almost always sili
ca, or quartz (Si02), which originated 
in the volcanic sediments and was cir
culated through the buried trees by 
undergrotmd water, some of which was 
probably hot. On the polished surface 
of a piece of petrified wood from the 
region the silica can be dissolved away 
by carefully immersing the sample in 
hydrofluoric acid; this will expose a 
projecting residue of the embedded 
wood, whose original cellular structure 
is usually found to be very well pre
served. Often the original wood retains 
its shape and consistency well enough 
to be cut with a knife or sectioned into 
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"FOSSIL FOREST" is the collective name given to this site on the 

northeastern slope of Amethyst Mountain, where the petrified reo 

EROSION of the volcanic debris under which these large upright 

trunks were buried during the Early Eocene epoch (some 55 mil· 

mains of no fewer than 27 Eocene forests have been exposed to view 

by erosion. A drawing of the site appears on the following page. 

lion years ago) has exposed them to view today. Trunks are on 

northern slope of Specimen Ridge. Roots are visible at bottom right. 
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TUFF _ BASEMENT ROCK 
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CUTAWAY VIEW of a cliff in the Fossil Forest region of northeastern 

Yellowstone Park reveals the 27 layers of volcanic sediments that contain 

fossilized plant remains of Eocene forests. Petrified tree trunks are in color. 

The fossil.bearing beds total about 1,200 feet in depth. In this idealized land· 

scape the cliff overlooks a portion of Lamar River valley (left background). 

© 1964 SCIENTIFIC AMERICAN, INC



slices for study in exactly the same way 
as ordinary wood is prepared for exam
ination. Sections can also be cut directly 
from the petrified wood [see illustration 
on page 114]. 

T
he fossilized leaves and other fragile 
plant remains were not preserved by 

the process of petrifaction. Instead the 
rapid burial of these materials in fine 
volcanic ash prevented their decay, pre
serving them either in the form of com
pressions, in which some of the original 
plant substance is still present, or im
pressions, in which some of the original 
the original plant remains. (The fos
silized remnants of animals are ex
tremely rare in the Yellowstone volcanic 
deposits, probably because animals are 
able to migrate out of a volcanic region 
as soon as the proportion of ash and 
dust in the air makes breathing diffi
cult. ) 

So far we have been able to identify 
more than 100 different species of plants 
in the fossil beds along the Lamar 
River valley. Of these about a fourth 
are conifers, ferns and other nonflower
ing plants. The remaining three-fourths 
are various flowering species, predomi
nantly hardwoods. The most numerous 
hardwood species in the Eocene forests 
were apparently large-leaved sycamores, 
walnuts, magnolias, chestnuts, oaks, red
woods, maples and dogwoods. Most of 
these species have their nearest living 
relatives in today's warm-temperate to 
subtropical forests, such as those found 
in the southeastern U.S. Also fairly com
mon were species of figs, laurels and 
bays, whose nearest living relatives are 
found chiefly in to day's tropical forests. 
Exotic species, whose descendants have 
since been completely exterminated in 
North America, included ancient rela
tives of the Oriental katsura tree and 
the Asiatic chinquapin and breadfruit 
trees. Among the less abundant species 
were climbing ferns, pines, soapberries, 
hickories, bayberries, elms and willows. 

The simple assumption on which our 
conclusions about the climatic condi
tions prevailing in this region during the 
Eocene epoch are based is that these 
fossil plant species must have had 
the same general climatic requirements 
as their nearest living relatives. Thus 
we conclude that the Eocene climate in 
the vicinity of what is now Yellowstone 
Park was essentially the same as that 
which now prevails in the Gulf Coast 
region of southeastern North America. 
The change from a humid, nearly sub
tropical climate to the present cool-tem
perate to subarctic conditions was prob
ably the result of a general world-wide 

FOR CAREER 
GROWTH? 
It is yours ... 
AT THE NAVAL 
LABORATORIES IN 
CALIFORNIA 

Creative careers in science and 
engineering grow best when nur
tured by the ambient stimulus of a 
favorable environment. The work 
atmosphere must offer, to the great
est extent possible, major oppor
tunity for individual and collective 
freedom and accomplishment at the 
highest level. . 

Basically, this is the kind of en
vironment that awaits your career 
at the Naval Laboratories in Cali
fornia. To be sure, in a strictly phys
ical sense, topography, weather and 
location may vary from laboratory· 
to laboratory, ranging from oceanic 
to desert and from urban to subur
ban. Yet,the atmosphere of scientific 
and academic fellowship, inter
change of knowledge, modern labo
ratory facilities, and the dynamics 
of creative action, remain a common 
denominator throughout the ten 
laboratories. 

This kind of environment cannot 
be measured with a barometer, or 
any similar instrument, no matter 
how sensitive. Rather, it is the kind 
of atmosphere which is the direct 
result of a forward-looking manage
ment which recognizes that careers 
grow and mature to their greatest 
potential when provided with the 
richest kind of intellectual soil and 
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Yes. this optimum career envi
ronment can be yours ... whether 
you are a nuclear physicist, an elec
tronic. mechanical, civil or aeronau
tical engineer, a mathematician, a 
research chemist, an operations re
search analyst, or a specialist in any 
of the varied disciplines participat
ing in the wide spectrum of current 
aerospace and underwater R and D 
projects at the laboratories. Quali
fied personnel interested in explor
ing employment opportunities at 
any of the facilities listed below are 
invited to contact the Personnel Di
rector, Dept. A., at the laboratory 
of their choice. 

Pacific Missile Range (PMR) and U.S. 
Naval Missile Center (NMC), Point Mugu 
U.S. Naval Ordnance Test Station (NOTS), 
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Evaluation Laboratory (QEL), Seal Beach 
U.S. Naval Ship Missile Systems Engi
neering Station (NSMSES), Port Hueneme 

All qualified applicants will be considered 
for employment without regard to ·race, 
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U.S. NAVAL LABORATORIES 
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cooling accompanied by a gradual up
lifting of the entire Rocky Mountain 
area by as much as 7,000 feet over the 
past 40 million years. 

Our study of the fossil plant species 
from Yellowstone's volcanic rocks has 
also enabled us to determine more ac-

curately than ever before the age of 
these rocks. By comparing them with 
known fossil species from different parts 
of the world we have found that they 
date from either the latest part of the 
Early Eocene epoch or from the early 
part of the Middle Eocene (roughly 55 

million years ago). The span of time 
covered by such a range is probably 
less than a million years. 

I s volcanic activity of the type that pro
duced these fossil forests likely to 

begin again in the Yellowstone Park 

SIX EXTINCT SPECIES of plants native to the forests in the 

Yellowstone region during the Eocene epoch are represented by 

the fossils in these photographs. At top left is the impression of a 

leaf from an extinct species of sycamore, the most abundant tree 

in the Eocene forests. At top center is a leaf from an extinct grape

vine. At top right is a fern related to today's spleenworts. Leaf at 

bottom left is from a tree related to the rare Chinese katsura tree. 

Leaf at bottom center is from a meliosma tree, whose nearest living 

relati ves are restricted to tropical and subtropical forests. Needles 

at bottom right are from an ancient relative of today's red

wood tree. All the fossils except sycamore leaf contain rem

nants of original plant substance and are called compressions. 
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The Olivetti Underwood Divisumma 

24 can add, subtract, multiply and 

divide ... separately, or as part of a 

single combined calculation, with

out manual re-entry of intermediate 

results. It provides a tape record of 

each operation. 

The Divisumma 24 Grand Total, 

now available through Olivetti 

Underwood Representatives, is 

even more flexible and versatile. It 

can automatically accumulate indi

vidual sums and products for a 

grand total- or hold them until 

they're wanted as elements in addi

tional calculations. It can provide a 

constant dividend without manual 

re-entry. 

May we leave a Divisumma 24 GT in 

your office for one week? (It's a 

pretty good salesman, too.) Tele

phone your Olivetti Underwood 

Representative. Or write to Olivetti 

Underwood Corporation, One Park 

Avenue, New York, New York 10016 
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In more and more schools ... 

PARTNERS IN THE CLASSROOM 

A GOOD TEXTBOOK AND CIENTIFIC OFFPRINT ERICAN 

In more and more classrooms SCIENTIFIC AMERICAN Off· 

prints are being adopted side by side with the textbook. 
(Presently in use in more than 500 college and university 
courses-a 60% increase over the number at this time 

last year!) 

The textbook supplies the foundation of the course. The 

Offprints provide the latest bulletins from the frontiers of 

research, complementing and reinforcing the basic ma

terial contained in the textbook. 

Teachers who have used them find that their students 

respond with a better grasp of the whole subject and 

with more enthusiasm for the assigned readings. 

The more than 430 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 

Warner House, 48, Upper Thames Street, London, E. C.4 

region? New evidence has recently been 
presented by F. R. Boyd of the Car
negie Institution indicating that the last 
outpouring of lava in this region oc
curred during the Pleistocene epoch, 
probably less than 100,000 years ago. 
In more recent years the continuing ac
tivity of geysers, hot springs and other 
hydrothermal phenomena as well as re
curring earthquakes strongly suggest 
that volcanic activity is merely dormant 
in the Yellowstone Park region and may 
well resume at any time. 

CELLULAR STRUCTURE of a petrified 

piece of extinct pine wood is exceptionally 

well preserved in this transverse section. 

The dark horizontal hands are annual 

growth rings. Section was cut directly from 

the petrified wood with a diamond saw. 
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A magnificent new stereophonic high fidelity tape system; precise, 

versatile, complete in itself, the Sony Sterecorder 500, with the 

revolutionary lid-integrating speakers, may be purchased for less 

than $399_50 complete with two F-8? cardioid dynamic microphones_ 

Outstanding operational features distinguish the amazing new Sony 
Sterecorder 500: _ Acoustical cone suspension speakers . Speakers combine 
to form carrying case lid. 4-track stereo and monophonic recording and 
playback. Vertical or horizontal operation . Microphone and line mixing 
• Sound on sound. Two V.U. meters. Hysteresis-Synchronous drive 
motor _ Dynamically balanced capstan flywheel _ Pause control _ Contour 
switch _ Automatic shut-off _ Automatic tape lifters _ FM stereo 
inputs _ Multiplex Ready! 

Sony tape recorders, the most complete line of quality recording 
equipment in the world, start at less than $79.50_ 
For literature or name of nearest dealer, write Superscope, Inc., Dept.N, 
Sun Valley, Calif. In New York, visit the Sony Salon, 585 Fifth Avenue. 
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EFFECT OF SOUND on bees in a hive is illustrated by these 

photographs made by the author. Bees are normally in constant 

motion, but they quiet down at the sound of "piping," a beeping 

tone produced by workers. The normal motion is shown by the 
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blurred images in the top photograph, which was made at a fifth 

of a second. When piping was simulated and transmitted to the 

hive wall by a vibrator, the bees became almost motionless, as 

shown by bottom photograph, made at the same aperture and speed. 
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Sound Communication in Honeybees 

It has been known for some time that bees perform an intricate 

dance in directing their hivemates to a source of food. Now it 

appears that they also transmit information by means of sound 

C
an we ever fully understand how 
the members of another species 
communicate with one another? 

The question has been given a new im
plication by the recent proposals that 
we listen for messages from the planets 
of other stars. Whether we ever detect 
such messages or not, we can invest;.
gate the question here on earth. vVe 
now know of many forms of communi
cation in other species. None is subtler 
or more interesting than the "language" 
of the honeybee. 

It is no accident that Karl von Frisch 
of the University of Munich chose the 
bee for his now famous investigations of 
animal communication. A honeybee col
ony is a marvelously compact commu
nity of some 50,000 individuals; it takes 
care of itself and usually ignores its 
human investigator; its members are 
highly social and could not survive 
without constant intercommunication, 
and the more one looks into their meth
ods of conversation, the more remark
able they are found to be. 

The obvious features of honeybee 
communication have been reported 
widely and are now a familiar story. 
When a foraging bee finds a source of 
food, it flies back to the hive and con
veys to its fellows the distance and di
rection of the source. In the course of 
doing so it performs on the vertical sur
face of the comb a waggling "dance" in 
which its abdomen traces a figure eight. 
The orientation and rate of the dance, 
it has been supposed, tells the location 
of the food source. This hypothesis runs 
into an awkward difficulty: the interior 
of most hives is so dark that the bees 
probably cannot see the dance. Inves
tigators of the phenomenon have found, 
however, that the bees follow the dance 
by means of their antennae, which 
touch the dancer's body. 

Robert C. King of Servomechanisms, 

by Adrian M. Wenner 

Inc., and I, working in my laboratory 
at the University of California at Santa 
Barbara, looked into the question fur
ther. The dancing bee traces the figure 
eight with the tip of its abdomen. That 
is not, however, the part of the body on 
which the observing bees usually con
cenh'ate their attention: their antennae 
tend to rest on the dancer's thorax. 
Does the thorax also describe a figure 
eight during the dance? We marked 
foraging bees with a spot of white paint 
on the thorax and later photographed 
its movement during the course of the 
dance in the hive by means of a series 
of rapid-flash exposures. The pictures 
showed that the thorax did not describe 
a figure-eight pattern [see lower illustra
tion on page 119]. 

The dance pattern itself, then, can 
hardly convey an unequivocal message. 
What can? Using a tape recorder, I had 
discovered that during the dance the bee 
emitted a peculiar sound at the low fre
quency of 250 cycles per second. This 
sound was made while the bee was 
waggling along in the straight run of its 
dance. It suggested a surprising new out
look on the whole problem. Perhaps the 
honeybee communicated with its fellows 
not only by the dance movement but 
also by sound signals! 

T o test this possibility I made tape 
recordings of the sounds made by 

dancing bees after they had visited 
dishes of sugar syrup placed at different 
distances from the hive. Would the 
sound patterns show a relation to the 
distance traveled? In other words, did 
the foraging bee tell its hivemates the 
distance by means of a sound language? 

Analyzed with the sound spectro
graph, the sounds proved to be made 
up of trains, each train being further 
broken into pulses with a frequency of 
about 32 per second [see top illustration 

on page 121]. The bee emitted a train 
of sound during each straight run of 
its waggling dance. A careful analysis 
showed that the average length of the 
sound trains during a given dance (and 
also the average number of pulses in a 
train) was directly proportional to the 
distance the bee had traveled to the 
food source [see bottom illustration on 
page 121]. The correlation was so good 
that it seems altogether likely-certainly 
as likely as any other proposed mecha
nism-that the bee reports the distance 
by means of this sound language. 

How is the sound produced? The first 
and most obvious guess was that the 
bee might create the pulses of sound 
with the waggling of its abdomen. To 
resolve this question I attached a small 
piece of cellophane to a microphone 
and placed the microphone so that with 
each waggle the dancing bee would 
tap the cellophane. The sound pulses 
proved to be about two and a half times 
more frequent than the waggling taps, 
so it became clear that the sound could 
not be arising from the waggling. 
Harald Esch, now at the University of 
Munich, who independently had dis
covered the honeybee's dance sound at 
about the same time as I had, also 
demonstrated that it was not produced 
by the waggling. Instead of a cellophane
and-microphone device, he used the 
ingenious method of attaching a small 
magnet to the bee's abdomen; as the 
bee moved the magnet it generated a 
fluctuating electric voltage that was 
recorded simultaneously with the pulsed 
sound, so that the waggle and pulse 
rates could be compared. 

The function of the sound train was 
illuminated by considering the question 
of whether or not the bee's judgment 
of distances is affected by the wind. 
Analysis of the sound-train records 
showed that it is to some extent. When 
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o SUN 

FOOD 

IcORAGING BEE must transmit to its hivemates information about the distance from the 

hi,�e to the food source (top drawing) and the angle (a) between the direction of the 

source and the direction of the sun. It does a dance on the honeycomb in which its abdomen 

describes a kind of figure eight (middle). The "straight run" (A) of the dance (bottom) 
has a duration proportional to the distance to the food, and it is oriented at an angle from 

the vertical equal to angle a. "Recruit" bees track the dancer's side with their antennae. 
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a bee Hies to a source of food against 
the wind, the sound trains indicating 
the distance tend to be a little longer 
than when it does not buck a wind. The 
deviation from the true distance is not 
nearly so much, however, as one might 
expect on the basis of the wind velocity. 
A possible explanation is that the bee 
adjusts its Hying efforts to the wind so 
that it always Hies at about the same 
ground speed; thus, whatever the wind 
velocity, it can still use the elapsed 
time of travel to a goal as the measure 
of its distance. I measured the Hight 
speed of bees under various wind con
ditions and found that they do tend to 
Hy at a constant ground speed. For ex
ample, Hying against a wind of five 
meters per second (about 11 miles per 
hour) bees are slowed by only about a 
fourth of that amount. They minimize 
the wind effect by Hying closer to the 
ground. vVhen the wind is too strong 
(more than 13 miles per hour) , the 

bees simply stay in the hive. 
vVe may conclude, then, that the 

foraging bee's communication to its fel
lows in the hive is made up of two ele
ments: the dance and the accompanying 
sounds. The angle of the dance from the 
vertical is correlated with the angle be
tween the food source and the overhead 
sun, and the length of the train of sound 
during the straight run of the dance 
tells the distance. This may not be the 
whole story, however. Some current ex
periments indicate, for instance, a strong 
correlation between the rate of pulse 
production and the strength of the sugar 
concentration in a food source. It may 
conceivably turn out that the foraging 
bee's entire message is carried by sound 
signals. 

The sound spectrograph's indication 
of regularity and precision in the 

bee's dance sounds naturally drew at
tention to other forms of bee "talk." As 
everyone knows, the bee is a rather 
noisy animal. Even its buzz in Hight, 
however, is not just noise. The buzz has 
modulations and variations. vVhen bees 
begin to swarm, an experienced bee
keeper can detect the event by the 
sound alone, even though he may be 
surrounded by other buzzing bees from 
hundreds of hives. When an individual 
bee is aroused to attack, its buzz rises 
in pitch and Huctuates in intensity. And 
recordings within the hive show that 
bees in the hive make at least 10 dis
tinctly different sounds, some of which 
have already been related to speCific 
activities. 

Two of these sounds are particularly 
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noticeable. One, known as the charac
teristic hum of a beehive, is produced 
by the "ventilating" worker bees: bees 
that stand anchored on the comb or 
some other structure in the hive and 
create currents of air by beating their 
wings. This sound, varying in intensity, 
has a basic frequency of 250 cycles per 
second and often has strong overtones. 
It is usually much louder than the buzz 
of a Hying bee, undoubtedly because 
the sound emitted by the ventilating 
bee is enhanced by the resonant vibra-

tion of the structure on which it is 
standing. 

The other type of loud sound in the 
hive is heard when the hive is dis
turbed. When an intruder-for example 
an ant-approaches, the bees guarding 
the hive rock forward on their legs and 
issue a short burst of sound; they may 
go on repeating these warning bursts 
every two or three seconds for 10 min
utes or more. vVhen the hive is jarred, 
the collective reaction of hundreds of 
guarding bees is heard as a sharp, loud 

buzz. This is followed shortly by a "pip
ing" of workers throughout the hive, 
which consists of faint beeps at half
second intervals, the sound being a 
complex one with a fundamental fre
quency of 500 cycles per second. The 
piping goes on for several minutes. Ap
parently it serves to soothe the hive; it 
has been found that a recording of such 
piping, played to the hive, will quickly 
quiet the disturbed bees. 

The most interesting of all the hive 
sounds, however, is the piping of the 

DANCING BEES and recruits are seen in this photograph. There 

are three dancers, or foragers (blurred images), heading to the 

right in a diagonal line starting near the upper left corner. The 

dancer nearest the left has a recruit on each side, the center one 

has two recruits on its right and the bee at the right, apparently 

nearing the end of its straight run, has a recruit at its rigbt rear. 

DANCE PATTERN described by the bee's thorax is not a well. 

defined figure eight with a distinctive straight run. This suggests 

that recruits would have difficulty gaining information by follow-

ing the dance movements alone. To make these pictures Robert 

C. King and the author put a spot of white paint on the thorax 

of foragers and then photographed their dances by repetitive flash. 
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queen. Naturalists have long known that 
queens inside the hive emit two kinds 
of sound, called "tooting" and "quack
ing." A close analysis of these sounds 
and the circumstances of their emission 
now provides the strongest evidence 
that bees use sound to convey specific 
messages. 

Tooting is the regal identification of 
a virgin queen soon after she has 
emerged from the cell in which she de
veloped. A hive cannot tolerate more 
than one queen at a time. In a hive that 
lacks a queen several queen-bearing 
cells develop simultaneously in a comb, 
but one matures earlier than the others. 
Once this queen has emerged, has hard
ened and has become steady on her 
legs, she proceeds to visit other queen 
cells, tear them open and sting to death 
their potential but not yet mature 
queens. Often, however, the worker 
bees do not allow her to dispose of all 
her potential rivals in this way; they 
bar her from some of the cells. She 
then begins to toot and continues to do 
so day and night, perhaps for a week or 
more. Her tooting rises in intensity and 
sometimes can be heard more than 10 
feet from the hive. 

Meanwhile the maturing queen bees 
still in cells try to get out in their turn. 
The worker bees hold them back, how
ever; as fast as one of them opens the 
cap of her cell the workers push it back 
in place and glue it shut. Thereupon 
the imprisoned queens also start to pipe, 
but in a different pattern and at a lower 
tone than the free queen. The workers 
let out some of these quackers, but only 
one at a time. The reigning queen and 
the newly released rival then battle un
til one is killed. Sometimes the series of 
fights between the survivor and the new 
rivals goes on until only one queen is 
left. This survivor, still a virgin, then 
flies away from the hive to mate succes
sively with several drones (on the wing) 
and returns to begin laying eggs. 

�l this has been studied in hives set 
up for detailed observation. The 

tooting and the quacking have also been 
recorded and analyzed spectrographi
cally. The pattern of the first turns out 
to be a long toot (lasting one second) 
followed by several shorter toots. Its 
fundamental frequency is 500 cycles per 
second, and this is overlaid with over
tones that are varied considerably in em
phasis, just as they are in human speech 
[see "Attention and the Perception of 
Speech," by Donald E. Broadbent; 
SCIENTIFIC AMERICAN, April, 1962]. 
The quack differs from the toot in two 
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ways: it has a lower fundamental fre
quency and it begins with short sounds 
instead of a drawn-out one. 

Do the tooting and the quacking say 
different things to the bees? We inves
tigated this question with a set of con
trolled experiments. First we recorded 
the tooting of a free, reigning queen in 
its hive. Analysis with the sound spec
trograph showed that this tooting put 
the major emphasis on the third har
monic. We therefore mimicked this 
harmonic with an oscillator and played 
it in the same tooting pattern ( a  long 
toot followed by several short ones) in 
a second hive that contained a free 
queen and a caged one. To each sound
ing of the artificial toots the caged 
queen almost invariably responded by 
quacking [see upper two illustrations on 
page 124]. We then tried varying the 
frequency of the tone, while keeping the 
long-toot-short-toot pattern constant. 
Within a wide frequency range (600 to 
2,000 cycles per second) the change in 
frequency seemed to make little dif
ference: the queen still responded with 
quacks as long as the typical pattern of 
toots was the same. On the other hand, 
when we played the quacking pattern, 
the caged queen did not respond at all. 

There is not much doubt that the 
tooting and the quacking represent cer
tain messages. vVhat do the messages 
say, and what functions do they serve? 
A reasonable working hypothesis is that 
(1) the tooting announces the presence 
of a free queen in the hive, (2) the 
quacking reports the presence of chal
lengers ready and yearning to be freed 
from their cells and (3) all this infor
mation guides the worker bees. One 
queen tooting and others quacking 
means that there is just one free queen, 
and a quacker (but not more than one) 
may be released to challenge her. This 
procedure will result in the rapid killing 
off of all but one of the contenders, but 
that may be to the good; it will en
able the hive to settle down quickly to 
a peaceful regime. Occasionally, how
ever, particularly in the spring, a virgin 
queen or an older egg-laying queen may 
leave the hive permanently, taking along 
half of the adult bees, in the phenom
enon called swarming. In the swarming 
season, therefore, it is essential to have 
a queen in reserve when the free queen 
departs; a quacking queen may repre
sent survival for the hive and is not to 
be released until the swarm has left. 

We must come back now to the im
portant questions: How does the 

bee produce sounds, and how does it 
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SPECTROGRAMS analyze the sound produced by forager bees during the dance. Sound 

trains are produced during the straight run; blank or light areas mark remainder of figure 

eight. The length of the sound train increases with the distance to the source of nectar. 
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perceive them? As to the production of 
sound, four hypotheses have been put 
forward, and the answer is still not clear. 

The most interesting suggestion is 
that the bee makes its sounds by eject
ing air through its spiracles: the breath
ing openings in the side of its body. On 
purely theoretical grounds it is quite 
plausible that the insect could produce 
the observed sounds by a whistling or a 
bagpipe effect. But recent experiments 
in our laboratory and also by other inves
tigators generally negate this theory. For 
one thing, if helium is substituted for 
nitrogen in the air in which the bee pro
duces its sounds, this does not change 
the frequency of the sound; if the 
spiracle theory is correct, it should, be
cause the density of a gas affects the 
frequency of the sound produced by 
vibrating a column of the gas. For 
another thing, it has been found that the 
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sounds of a piping queen do not always 
coincide with accordion-like movements 
of its abdomen, so that its abdomi
nal spiracles cannot be producing the 
sound. Finally, James Simpson of the 
Rothamsted Experimental Station in 
England has shown by delicate spiracle
blocking experiments that the bee's 
thoracic spiracles play no part in sound 
production. 

The other possibilities are that the 
bee produces sound by vibrating its 
wings or the sclerites (hard plates) at 
the base of its wings or the entire sur
face of the upper part of its body. 
Simpson and I and others have been in
vestigating these possibilities. At the 
moment the wing-vibration theory seems 
to be the most promising. 

Until recently this idea was rejected 
on two grounds: that a bee's wings are 
too small to produce sounds of the fre-
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WORKER SOUNDS are shown in these spectrograms. The top tracing illustrates two 

sounds produced when a hive is disturbed: the sharp burst of a disturbed worker (left), 
followed by two faint beeps, or worker piping. The middle and bottom tracings show 

"croaking" and "bipping," two sounds that have yet to be related to any specific activity. 
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quencies and intensities heard, and that 
experimenters who have clipped the 
wings have not found that this changed 
the intensity of the bee's piping. The 
second idea is simply wrong; careful 
experiments show that clipping the 
wings does affect the bee's sound-mak
ing. It raises the frequency and reduces 
the intensity of the sound, and the 
change is proportional to the amount of 
wing removed [see bottom illustration 
on page 124]. It appears, therefore, that 
wing vibration is responsible at least for 
amplification, and probably for produc
tion, of the bee's sounds. It is hoped that 
experiments now under way will answer 
the question more definitely. 

Other recent studies have shed some 
light on how bees "hear" sound. In 

the experiments in which artificial toot
ing was played to a caged queen it was 
found that the queen responded only 
when the sound was transmitted via a 
vibrator attached to the hive; when it 
was transmitted through the air, even 
with the vibrator suspended close to the 
bee, she did not respond at all [see 
second illustration from top on page 
124]. Similarly, worker bees show no 
reaction to piping when it is airborne. 
On the other hand, a disturbed hive can 
be quickly quieted by drawing a wet 
finger along the observation window, 
which causes a squeaking sound that 
arises from vibration of the glass. All 
these observations indicate that the 
bees receive sound through their legs 
from the vibrating structure on which 
they stand. Quite possibly they have re
ceiving organs for sound on their legs 
below the knee. 

There is also evidence that they re
ceive sound through their antennae. 
Eleanor H. Slifer of the University of 
Iowa has found that each bee antenna 
has thousands of "plate organs" that are 
remarkably like the larger tympanic 
(eardrum-like) organs of other insects. 
She has established that these plate or
gans are not permeable to chemicals that 
might be used for communication. Al
though this finding does not eliminate 
the possibility that these organs are 
chemoreceptors, there is now good rea
son to entertain the notion that they do 
respond to mechanical stimuli. Charles 
Walcott of Harvard University has made 
some experimental findings that support 
this view: he discovered that vibrations 
transmitted to a bee's antennae caused 
electrical impulses to be generated in 
the antenna I nerves. 

Conceivably the honeybee receives 
sound both through its legs and through 
its antennae. Thus it may receive a 
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New way to get 
hostile metals 

stuck on each other 

SYLVANIA DOES 
EXOTIC THINGS 

WITH EXOTIC METALS 
Our tungsten glue is not a liquid. Nor does it come in a bottle or a can. It is actually a coating of tungsten

which is vapor-deposited. A new development of Sylvania's Chemical & Metallurgical Division, this vapor

deposited tungsten simplifies the joining of hostile materials by leaving a thin middle layer of solid tungsten 

on the surface to be coated. Vapor-deposited tungsten has many exciting space-age uses beyond its value 

as "glue." It can provide a lightweight refractory coating on other metals . .. can be deposited on forms to 

create precision parts with walls as thin as 0.005 inch. Sylvania knows refractory metals as only a special

ist can. And is a recognized leader in the research, development and manufacture, not only of tungsten and 

molybdenum, but of metallurgical chemicals, phosphors and semiconductor materials as well. To extend 

that leadership further, Sylvania is now at work on 

SYLMl\N IA many advanced developments in these important 

areas. Chemical & Metallurgical Division, Sylvania 

Electric Products Inc., Towanda, Pennsylvania. 
SIJBSIDIARY OF 

GENEAAL 

GENERAL TELEPHONE & ELECTRONICS � 
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QUEEN PIPING includes "quacking" and "tooting." A queen in 

her cell produces quacking (left), a series of short pulses with 

emphasis on several harmonics. Once free in the hive a queen 

TOOTING was simulated (upper tracing) and played to a caged 

queen via a vibrator touching the hive (A). It elicited from the 

queen a response that was picked up by a microphone (B) and 

produces tooting (right), which begins with a long wail, has a 

somewhat higher fundamental frequency and usually emphasizes 

frequencies not simultaneously emphasized by quacking queens. 
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analyzed as quacking (lower tracing). When the tooting vibrator 

was suspended above the queen (C), there was no response, indio 

eating that the queen perceived sound via the hive structure. 

sound communication from another bee 
directly by touching the other bee's 
body with its antennae-as evidently 
occurs during the foraging bee's dance 
in the hive. The double receiving sys
tem would have a great advantage for 
bees in a noisy hive: in spite of the din 

of piping, which they apparently receive 
through their legs from the hive's vibra
tions, they would still be able to perceive 
the faint dance sounds by touching the 
dancer with their antennae. 

signing experiments to explore their 
meaning, one cannot help feeling that 
much of this is akin to the problem of 
communicating with beings on another 
planet. With bees we have the advan
tage of being able to study them here 
and now, 

Listening to the sounds of bees, re
cording them, analyzing them and de-
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RELATION OF WING to sound production was demonstrated by 

severing most of two wings of a bee (left). Comparison with the 
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sound produced by the intact animal (center) showed that loss of 

wing area reduced the intensity and changed the harmonics (right). 
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(it's indestructible) 

Peugeot doesn't go in for trim for its own sake. What trim 
there is has a definite function. And what trim there is, is 
stainless steel, because it lasts far longer than chrome. 
That includes bumpers, grill, body trim and wheel covers. 
They'll all last indefinitely. 

Peugeot has earned a nickname over the years that 
we're proud of. The Indestructible. Although we don't 
agree that anything is indestructible, it's a fact that the 
oldest car now running in America is an 1891 Peugeot. 
Actually, that isn't too surprising, because Peugeot still 
builds cars on the theory that they should last-and last, 
and last. That's why Peugeot insists on test driving every 
single car it builds. That's why Peugeot checks every part 
that goes into its cars, down to and including nuts and 
bolts. Time consuming? Expensive? Yes, but that's the 
only way Peugeot cares to operate. 

If you're tired of cars with plenty of flash but very little 
durability, test drive a Peugeot. Peugeot's 4 cylinders will 
take you along at 88 mph and more. Peugeot's four-speed 
transmission gives you a gear for every driving condition. 
And Peugeot gives you more than $500 worth of "extras" 
that don't cost extra. Reclining seats, sliding sunroof, 
windshield washers, Michelin X tires and many others. 
All for one low price. The name is Peugeot. 

"PEUGEOT 
(Say Pooj-oh) 

SEE YOUR LOCAL OEALER 

PEUGEOT 403: $2295 East Coast POE, $2387 West Coast POE 
Called one of the 7 best made cars ;n the world by John Bond, 

Publisher of Road & Track. 

PEUGEOT 404: $2645 East Coast POE. $2736 West Coast POE 
Designed to be even better than the 403. 

PEUGEOT 404 STATION WAGON: $2795 East Coast POE, $2875 West Coast POE 
Roomy, comfortable, durable. 

For brochure write Peugeot, I nc., 97-45 Queens Boulevard, Rego Park, N.Y. 
For overseas delivery write: Cars Overseas, I nc., 555 Fifth Ave., New York, N.Y., or see your local dealer. 

125 

© 1964 SCIENTIFIC AMERICAN, INC



Write today for more complete information 
on the wide variety of tungsten and molyb
denum forms readily available from G.E. 
General Electric Company, Lamp Metals 
& Components Department SA-42, 21800 
Tungsten Road, Cleveland, Ohio 44117. 

126 

MATHEMATICAL GAMES 
Various problenu based on planar graphs, 
or sets of "(Jertices" connected by "edges" 

by Martin Gardner 

itl engineer draws a diagram of an 
electrical network. A chemist 
makes a sketch to show how the 

atoms of a complex molecule are joined 
by chemical bonds. A genealogist draws 
an intricate family tree. A military com
mander plots a network of supply lines 
on a map. A sociologist traces in an 
elaborate diagram the power structure 
of a giant corporation. 

\"hat do all these patterns have in 
common? They are points (representing 
electrical connections, atoms, people, 
cities and so on) connected by lines. In 
the 1930's the German mathematician 
Denes Konig made the first systematic 
study of all such patterns, giving them 
the generic name "graphs." (The con
fusion of this term with the "graphs" of 
analytic geometry is regrettable, but the 
term has stuck.) Today graph theory is 
a flourishing field. It is usually consid
ered a branch of topology (because in 
most cases only the topological proper
ties of graphs are considered), although 
it now overlaps large areas of set theory, 
combinatorial mathematics, algebra, ge
ometry, matrix theory, game theory, 
logic and many other fields. 

Konig's pioneer book on graphs (pub
lished in Leipzig in 1936) has yet to 
be translated, but an English edition of 
a later French book, The Theory of 
Graphs and its Applications, by Glaude 

Berge, was published in England in 
1962. Last year Oystein Ore's excellent 
elementary introduction, Graphs and 
Their Uses, was issued as a Random 
House paperback. Both books are of 
great recreational interest. Hundreds of 
familiar puzzles, seemingly unrelated, 
yield readily to graph theory. This 
month we center our attention on 
"planar graphs" and some of their more 
intriguing puzzle aspects. 

A planar graph is a set of points, 
called vertices, connected by lines, 
called edges, in such a way that it is 
possible to draw the graph on a plane 
without any pair of edges intersecting. 
Imagine that the edges are elastic strings 
that can be bent, stretched or shortened 
as we please. Is the graph shown at the 
left below planar? (Its four vertices are 
indicated by spots. The crossing point 
at the center is not a vertex; think of 
one line as passing under the other.) 
Yes, because we can easily remove the 
intersection by shifting the position of 
a vertex, as shown in the middle graph, 
or stretching an edge as shown in the 
one at the right. All three of these 
graphs are "isomorphic": they represent 
three different ways of drawing the 
same planar graph. The edges of any 
solid polyhedron, such as a cube, are 
planar graphs because we can always 
stretch the solid's "skeleton" until it lies 
on a plane, free of intersections. The 
skeleton of a tetrahedron is isomorphic 
with the three graphs shown below. 

It is not always easy to decide if a 
graph is planar. Consider the problem 

Three ways to draw complete graph for four points 
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VARIAN INSTRUMENTS AT WORK. VARIAN associates 
INSTRUMENT GROUP. PALO ALTO. CALIFORNIA 
IN EUROPE, VARIAN A.G .• ZUG. SWITZERLAND 

Frequency and 
time measure ments 
h ave progressed t oward 
greater and greater precision 
through the development of the pen
dulum, tuning fork, resonant elec
tronic circuits, and crystal oscillators. 

In the past decade, the study of quan
tum electronics has led to an under
standing of the inherent stabilities 
associated with atomic resonance. As 
a result, several practical "atomic 
clocks" have been developed which 
provide the most accurate frequencies 
yet known-against which the most 
accurate measurements yet known can 
be made. Varian Associates produces 
three different devices of this nature. 

Cesium beam tubes have provided 
the reference for the first practical 
atomic standard. Their acceptance and 
widespread use has revolutionized 
measurement concepts. At Beverly, 
Massachusetts, Varian makes tubes of 
this type which incorporate the most 
recent designs. 

At Palo Alto, California, Varian has 
combined solid-state electronic cir
cuitry with rubidium optical packages 
to create small, highly reliable, port
able instruments. 

Most recently, hydrogen masers have 
been developed at Beverly and are 
now being evaluated to determine the 
extent of their accuracy and stability. 
These devices have proven that the 
hydrogen maser furnishes the most 
stable reference yet discovered. 

If frequency or time control is part 
of your work, Varian would like to 
help you. Contact Earle Benson in 
Beverly, Massachusetts or Gordon 
Harper in Palo Alto, California. 

The strip chart 
recorder puts down 
in graphic  form the data 
scientists search for in their 
experiments. The past few 
years have seen recorders become 
a necessary extension of a great 
many types of equipment. 

Varian began making recorders when 
we felt there was a need for highly 
reliable low-cost equipment that met 
specific operating parameters. Our first 
strip-chart recorders used a five-inch 
scale. 

Now Varian introduces the G-40 
series of lO- inch null- balance re
corders. They represent a careful distil
lation of our research and experience 
in the recorder field. We've made them 
easy to operate, rugged and accurate. 
But we've avoided chrome trim and 
tail fins in order to keep the cost down. 

First off, our G-40 recorders are 
compact. Die-cast aluminum construc
tion and solid state design make them 
sturdy though they weigh only 30 
pounds. They have true differential in
put circuits, so you get both high input 
impedance and high rejection.You can 
even operate them with unbalanced 
circuits. 

Choose from single or multiple range 
models. 8 push-button ranges, 1 mv to 
100 volts, or single range. Attenuator 
adjustment on all. 

Fast pen speed is important. Ours is 
less than 112 second full scale. Bu t 
accuracy is the thing, right? On 1 mv 
range, it's 0.25%+5,uv; on all other 
ranges it's simply 0.25 %. We have 
three distinct models available now 
for laboratory, industrial or OEM ap
plications. Discounts (from $985 base 
price) are available for quantity or 
OEM orders. 

There's a lot more you may want to 
know about our G-40 series of 10-
inch recorders. Please drop a line to 
Tom McKerlie, Recorder Division, 
and get the whole story. 

Paramagnetism 
occ urs in solids, 
liquids, and gases and is of 
great interest to biologists, 
chemists, and physicists. Varian 
Electron Paramagnetic Resonance 
(EPR) spectrometer systems provide 
scientists with the means of studying 
the microscopic environment of para
magnetic samples. 

However, it may be necessary to 
radiate a sample with light to create a 
paramagnetic specie. An unstable 
paramagnetic center may be observ
able only at very low temperatures. 
High dielectric loss of a free radical 
in aqueous solution may require a 
special holder. Varian meets these and 
other fantastically varied requirements 
with a versatile range of EPR acces
sories. 

For example, a n ew microwave 
bridge, operating at 35 Gc, is avail
able. While traditional X-Band (lOGc) 
has proven to be a good compromise, 
the higher frequency gives unmatched 
sensitivity-important when investigat
ing small samples such as single crys
tals. 

Other accessories for our EPR spec
trometers include: Mixing chamber 
for observing free radical formation 
and decay when two reactant species 
are mixed· Magnet pole cap with axial 
hole which permits in situ radiation of 
a sample with electrons· Dual sample 
microwave cavity for accurately com
paring resonance characteristics of 
known and unknown samples· Optical 
transmission microwave cavity for 
measurement of optical absorption 
simultaneously with magnetic reso
nance ·Variable temperature accessory 
with range from -185' to +300"C. 

For more information and a bro
chure describing Varian's complete 
EPR product line, write Hank Gau
thier, Analytical Instruments. 
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Problem of the three utilities 

depicted at the left above, one of the 
oldest and most frustrating of all topo
logical teasers. Since the English puz
zlist Henry Ernest Dudeney gave it this 
form in 1917 it has been known as the 
"utilities problem." Each house must re
ceive gas, water and electricity. Can 
lines be drawn to connect each house 
with each utility in such a way that no 
line intersects another? In other words, 
is the resulting graph planar? 

The answer is no, and it is not diffi
cult to give a rough proof. Assume that 
only houses A and B are to be connected 
to the three utilities. To do this without 
having any line cross another you must 
divide the plane into three regions as 
shown in the illustration at the right 
above. Your lines need not be as pic
tured, but however you draw them your 
graph will be isomorphic with the one 
shown. House C must go in one of the 
three regions. If it goes in X, it is cut 
off from electricity. If it goes in Y, it is 
cut off from water. If it goes in Z, it 
is cut off from gas. The same argument 
holds when the graph is drawn on a 
sphere, but not when it is drawn on cer
tain other surfaces. For example, the 
graph is easily drawn without intersec
tions on the surface of a doughnut. 

When every vertex of a graph is con
nected to each of the other vertices, the 
graph is said to be "complete." We saw 
in the illustration on page 126 that the 
complete graph for four points is planar. 
Is the complete graph for five points 
planar? Again an informal proof (the 
reader may enjoy working it out for 
himself) shows that it is not. The fact 
that a complete graph can be planar 
only if it has four or fewer points is not 
without philosophical interest. Many 
philosophers and mathematicians have 
tried to answer the question: vVhy does 
physical space have three dimensions? 
In his book The Structure and Evolu
tion of the Universe (Harper Torch
books, 1959) the British cosmologist 
C. J. Whitrow argues that intelligent life 
as we know it could not have evolved 
in a space of more than three dimen
sions because such spaces do not allow 
stable planetary orbits around a sun. 
How about spaces of one or two dimen
sions? Intelligent Linelanders and Flat
landers of the type described in this 
department in July, 1962, are ruled out, 
says Whitrow, by graph theory. A brain 
requires an immense number of nerve 
cells (points), connected in pairs by 
nerves (edges) that must not intersect. 

Simplest nonplanar graphs 
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Impossibility proof for lItilities problem 

In three dimensions there is no limit to 
the number of cells that can be so con
nected, but in a Flatland the maximum 
number, as we have seen, would be four. 

"Thus," Whitrow writes, "we may 
conclude that the number of dimensions 
of physical space is necessarily three, 
no more and no less, because it is the 
unique natural concomitant of the evo
lution of the higher forms of terrestrial 
life, in particular of Man, the formulator 
of the problem." 

The two simplest of all nonplanar 
graphs-the utilities graph (also known 
as a Thomsen graph) and the complete 
graph for five points-are involved in an 
important theorem called the Kuratow
ski theorem, after the Polish mathema
tician who first discovered it. It states 
that every nonplanar graph contains 
within it, as a subgraph, one or the other 
of these two graphs. In other words, if 
we trace over any nonplanar graph, we 
can always draw at least one graph that 
will be isomorphic with one of the two 
graphs at the bottom of this page. 

Devising planar graphs is an essential 
task in many fields of technology. Print
ed circuits, for instance, will short
circuit if any two paths cross. The read
er may wish to test his skill in planar 
graph construction by considering the 
two printed-circuit problems shown on 
page 130. In the upper problem five 
nonintersecting lines must be drawn 
within the rectangle, each connecting 
a pair of spots bearing the same letter 
(A with A, B with B and so on). The 
two lines AD and BC are barriers of 
some sort that may not be crossed. In the 
lower problem five lines are to be drawn 
-connecting pairs of spots labeled with 
the same letter, as before-but in this 
case all lines must follow the grid. Of 
course there must be no crossings. Nei
ther of these printed-circuit puzzles is 
difficult. 

Another well-known type of graph 
puzzle is the one that calls for drawing 
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This is CORNING-problem solving in science and industry 

New glasses go dark in the light, light in the dark. 

Corning's researchers call this new fam

ily of glasses photochromic because they 

darken when exposed to light, then clear 

as the light fades-and they do this in

definitely-without fatigue. 

These new glasses darken in sunlight, 

but remain clear with normal indoor 

lighting because they respond princi

pally to the near-ultraviolet. Otherwise 

they exhibit all normal properties of 

true glasses. 

They differ in their degrees of dark

ening and in the time they require to 

darken and clear. Some go so dark they 

let through only 1 % of the light. Some 

darken in seconds, clear in minutes; 

others require hours to clear. 

Our photochromic glasses are still in 

the laboratory stage, but we're investi

gating their use in windows, sunglasses, 

and promising electronic and optical 

applications. 

If you would like more information, 

write for your copy of Photochromic 

Glass Report #1, or, for more detailed 

information, a copy of the paper which 

Dr. S. Donald Stookey presented be

fore the American Physical Society. The 

address: Corning Glass Works, 4904 
Crystal Street, Corning, New York

where solving problems for science and 

industry is our business. 

CORNING 
CORNING GLASS WORKS 

We know the solutions to many specialized 
problems of light control-for architect. sur
geon, highway engineer and many others. 
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a given planar graph in one continuous 
line without taking the pencil from the 
paper or going over any edge twice. If 
such a line can be drawn as a closed 
loop, returning to the vertex from which 
it started, the graph is said to be an 
"Euler graph" and the line an "Euler 
line." In 1736 the Swiss mathematician 
Leonhard Euler solved a famous prob
lem involving a set of seven bridges in 
the East Prussian town of Konigsberg 
(now Kaliningrad). Was it possible to 
walk over each bridge once and only 
once and return to where one had 
started? Euler found that the problem 

� 

was identical with that of tracing a sim
ple graph. He showed, in the first paper 
ever written on graph theory, that if 
every vertex of a graph is of "even de
gree" (has an even number of lines 
meeting it), it can be traced in one 
round-trip path. If there are two ver
tices of odd degree, no round trip is 
possible, but the graph can be drawn 
by a line beginning at one odd vertex 
and ending at the other. If there are 2k 
vertices of odd degree (and the num
ber of odd vertices must always be 
even), it can be traced by k separate 
paths, each starting and ending at an 

:----_ .. - " 

:.. 

.... 
Two prillted.circllit problems 
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odd vertex. The graph for the bridges of 
Konigsberg has four odd vertices, there
fore it requires a minimum of two paths 
(neither of them closed circuits) to tra
verse all edges. 

Any Euler graph can be traversed by 
an Euler line that makes the entire 
round trip without intersecting itself. 
Lewis Carroll, we are told in a biogra
phy by his nephew, was fond of asking 
little girls to draw, with one Euler line, 
the graph at the left in the top illustration 
on page 133. It is easily done if lines are 
allowed to intersect, but it is not so easy 
if intersections are forbidden. A quick 
way to solve such puzzles has been pro
posed by Thomas H. O'Beirne of Edin
burgh. One colors alternate regions as 
shown in the middle drawing, then 
breaks them apart at certain vertices in 
any way that will leave the colored areas 
"simply connected" (connected without 
enclosing noncolored areas). The per
imeter of the colored region is now the 
Euler line we seek [drawing at right]. 
The reader can try this method on the 
Euler graph shown in the second illus
tration from the top on page 133 (pro
posed by O'Beirne) to see how pleasingly 
symmetrical an Euler line he can ob
tain. 

An entirely different and, strangely, 
much more difficult type of graph-tra
versing puzzle is that of finding a route 
that passes through each vertex once 
and only once. Any route that passes 
through no vertex twice is known in 
graph theory as an arc. An arc that re
turns to the starting point is called a 
circuit. And a circuit that visits every 
vertex once and only once is called a 
Hamiltonian line, after Sir William 
Rowan Hamilton, the 19th-century Irish 
mathematician, who was the first to 
study such paths. He showed that a 
Hamiltonian line could be traced along 
the edges of each of the five regular 
solids, and he even sold a toy manufac
turer a puzzle based on finding Hamil
tonian tours along the edges of the 
dodecahedron. 

It might be supposed that, as in the 
case of Euler lines, there would be sim
ple rules for determining if a graph is 
Hamiltonian; the fact is that the two 
tasks are surprisingly dissimilar. An 
Euler line must trace every edge once 
and only once, but it may go through 
any vertex more than once. A Hamil
tonian line must go through each vertex 
once and only once, but it need not 
trace every edge. (In fact, it traverses 
exactly two of the edges that meet at 
any one vertex.) Hamiltonian paths are 
important in many fields where one 
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Crown Compass (Danish-circa 1790)-Courtesy The Trustees of the National Maritime Museum, Greenwich, England. 

from crown compass to missile guidance 
"Surely oak and threefold brass surrounded his heart 
who first trusted a frail vessel to the merciless ocean," 
wrote Horace 2,000 years ago. Twelve centuries passed, 
and a dread of the sea was still part and parcel of every 
sailor's kit. Then someone discovered the directive 
properties of a magnetized needle. The mariner's com· 
pass was born; and with it came the means to set a 
course at sea without fear. 
The means to set a course for ballistic missiles evolved 
from technological advancements of World War II. 
AC Spark Plug was a pioneer in advancing the state of 
the art in this field. 
Within the past fifteen years AC has developed and 
produced inertial guidance systems for the Thor, Titan 
II, Mace and Regulus II missiles. During the same 
period of time, AC also designed, developed and pro
duced major components for the ALRI, Polaris and 
SI NS guidance systems, plus the Bombing Naviga
tional System for SAC B-52 C & D aircraft. 

To help achieve the manned exploration of space, AC 
has been selected to provide guidance equipment on 
the NASA Apollo Program. For other space missions, AC 
will provide the guidance for the Air Force Titan III 
Standardized Space Launch Vehicle. 

AC, with its experience in research, development and 
production, can be of significant value to you if your 
program requires advanced guid
ance and navigation equipment. 
For more information, contact 
Director of Sales, AC Spark Plug 
D i v i s i o n ,  Ge n e r a l  M o t o r s, 
Milwaukee, Wisconsin. 

MASTER NAVIGATORS THROUGH TIME AND SPACE 
GUIDANCE AND NAVIGATION FOR SPACECRAFT • 

BALLISTIC MISSILES • AVIONICS • SPACE 
BOOSTERS . DELIVERED ON TIME AT LOW COST 
WITH OUTSTANDING ACCURACY AND RELIABILITY 
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As the nation's first industrial firm devoted exclusively to 

missile and space technology, TRW Space Technology Lab· 

oratories grew with the national space effort. Since 1957, 
STL has participated in nearly every manned and unmanned 

space probe. 

Today, 2500 engineers and scientists and 4500 support per· 

sonnel combine their talents on many STL projects ranging 

from research and development to design and manufacture 

of NASA'S OGO spacecraft, Air Force nuclear test detection 

spacecraft, Tetrahedral Research Satellites, and NASA'S 

Pioneer spacecraft. 

Also underway is the development of the variable·thrust 

rocket descent engine for LEM, the Lunar Excursion Module 

of Project Apollo. At the same time STL continues Systems 
Management for the Air Force's vital Atlas, Titan and Minute· 

man Programs. 

These many space activities create immediate openings for 

engineers and scientists with experience in Theoretical 

Physics, Systems Engineering, Radar Systems, Experimental 

Physics, Applied Mathematics, Space Communications, Space 

Physics, Antennas and Microwaves, Inertial Guidance, Analog 

Computers, Solid State Physics, Computer Design, Telecom· 

munications, Digital Computers, Guidance and Navigation, 

Electromechanical Devices, Engineering Mechanics, Applied 

Aerodynamics and Propulsion Systems. 

TRW 
SPACE 
TECHNOLOGY 
LABORATORIES 
In Perspective 

For information about positions in Southern California or Cape 

Kennedy, write STL Professional Placement, Department )·4, 
One Space Park, Redondo Beach, California. TRW is an equal op· 

portunity employer. 

TRW SPACE TECHNOLOGY LABORATORIES 
THOMPSON RAMO WOOLDRIDGE INC. 
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Lewis Carroll's three.square problem 

O'Beirne's four.circle problem 

would not expect to find them. In op· 
erations research, for example, the prob
lem of obtaining the best order in which 
to carry out a specified series of opera· 
tions can sometimes be diagramed as a 
graph on which a Hamiltonian line gives 
an optimum solution. Unfortunately 
there is no general method for deciding 
if a graph is Hamiltonian, or for finding 
all Hamiltonian lines if it is. 

Many semiregular polyhedrons, but 
not all, have Hamiltonian skeletons. An 
exception is the rhombic dodecahedron 
shown at the right, a form often as
sumed by crystals of garnet. Even if 
the path is not required to be closed, 
there is no way to traverse the skeleton 
so that each vertex is visited once and 
only once. The proof, first given by 
H. S. M. Coxeter, is a clever one. All 

vertices of degree 4 are shown as 
black spots, all of degree 3 as colored 
spots. Note that every black spot is 
completely surrounded by colored spots 
and vice versa. Therefore any path 
through all 14 spots must alternate col
ored and black. But there are six black 
spots and eight colored ones! No path 
of alternating color is possible, either 
closed or open at the ends. 

An ancient chess recreation that at 
first seems far removed from Hamil
tonian paths is the re·entrant knight's 
tour. It consists of placing the knight on 
a square of the chessboard, then finding 
a path of continuous knight's moves that 
will visit every square once and only 
once, the knight thereupon returning 
in one move to the square from which 
it started. Suppose each cell of the 

board to be represented by a point and 
every possible knight's move by a line 
joining two points. The result is, of 
course, a graph. Any circuit that visits 
each vertex once and only once will be 
a Hamiltonian line, and every such line 
will trace a re-entrant knight's tour. 

Such a tour is impossible on any 
board with an odd number of cells. 
(Can the reader see why?) If the num
ber of cells is even, the tour is possible 
on any rectangle with one side equal to 
or greater than five. Thus the five-by-six 
is the smallest rectangle on which a 
closed tour is possible and the six-by-six 
is the smallest square. No one knows 
how many millions of different re-en
trant knight's tours can be made on the 
standard eight-by-eight chessboard. In 
the enormous literature on the topic the 
search has usually been confined to 
paths that exhibit interesting symme
tries. Thousands of elegant patterns, 
such as those shown on the next page, 
have been discovered. Paths with exact 
fourfold symmetry (unchanged by any 
gO·degree rotation) are not possible on 
the eight-by-eight board, although five 
such patterns are possible on the six
by-six. 

As an introduction to this classic 
pastime readers are invited to search 
for a re-entrant knight's tour on a sim
ple 12-cell board [see illustration on 
page 135]. After it has been found, a 
seemingly more difficult question arises: 
Is it possible to move the knight over 
this board in one chain of jumps and 
make every possible knight's move once 
and only once? There are 16 different 
knight's moves. A move is considered 
"made" whenever a knight connects the 
two cells by a jump in either direction. 
Of course, the knight may visit any cell 
more than once, but it must not make 
the same move twice. The path need 
not be re-entrant. 

The reader will soon convince him-

\ 
\ 

\ • 

Skeleton of rhombic dodecahedron 
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self that such a path is not possible; but 
what is the smallest number of separate 
paths that will cover all 16 of the pos
sible moves? This can be answered in 
just a few minutes by applying one of 
the graph theorems discussed earlier in 
this article. Solutions to all problems 
will appear in this department next 
month. 

The five problems given in last 
month's department are answered as 

follows: 
1. The two composite numbers are 

10,001 (the product of primes 73 and 
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Re·entrant knight's tours 

137) and 123,456,7S9, which is evenly 
divisible by 3. The other numbers are 
primes. 

2. Two meshed gear wheels of dif
ferent sizes cannot return to the same 
position until a certain number of teeth, 
k, have passed the point of contact on 
both wheels. The number k is the low
est common multiple of the number of 
teeth on each wheel. Let n be the num
ber of teeth on the small wheel. We are 
told that the large wheel has lSI teeth. 
Since lSI is a prime number, the low
est common multiple of n and lSI is 
ISln. Therefore the small wheel will 

have to make lSI rotations before the 
two wheels will return to their former 
position. 

3. How can the nine digits be ar
ranged to make three primes with the 
lowest possible sum? We first try num
bers of three digits each. The end digits 
must be 1, 3, 7 or 9 (this is true of all 
primes greater than 5). We choose the 
last three, freeing 1 for a first digit. The 
lowest possible first digits of each num
ber are 1, 2 and 4, which leaves 5, 6 
and S for the middle digits. Among the 
11 three-digit primes that fit these spec
ifications it is not possible to find three 
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that do not dup icate a digit. We turn 
next to first digits of 1, 2 and 5. This 
yields the unique answer 

149 

263 

587 

999 . 

4. The last number, 333333331, has 
a factor of 17. (The problem is based 
on a result obtained by Andrzej Makow
ski of Poland, which was reported in 
Recreational Mathematics Magazine for 
February, 1962.) 

5. It is easy to find as large an in
terval as we please of consecutive 
integers that are not prime. For an in
terval of a million integers, consider 
first the number 1,000,001! The excla
mation mark means that the number 
is "factorial 1,000,001," or the product 
of 1 X 2 X 3 X 4 . . .  X 1,000,001. The 
first number of the interval we seek is 
1,000,001! + 2. We know that 1,000,-
001! is divisible by 2 (one of its factors), 
so that if we add another 2 to it, the 
resulting integer must also be divisible 
by 2. The second number of the inter
val is 1,000,001! + 3. Again, because 
1,000,001! has a factor of 3, it must be 
divisible by 3 after we add 3 to it. Sim
ilarly for 1,000,001! + 4, and so on up 
to 1,000,001! + 1,000,001. This gives a 
consecutive sequence of one million 
composite numbers. Are these the small
est integers that form a sequence of one 
million nonprimes? No, as Ted L. 
Powell pointed out in The Graham Dial 
for April, 1960; we can obtain a lower 
sequence just as easily by subtracting: 
1,000,001! - 2; 1,000,001! - 3; and so 
on to 1,000,001! - 1,000,001. 

A Imight's.tour problem 

SCIENTIFIC 
AMERICAN 

CUMULATIVE INDEX 
1948-1963 

The editors of SCIENTIFIC AMERICAN take pleasure in announcing the 

publication of a cumulative Index to all 180 issues published from May, 

1948, through April, 1963. The Index covers all the issues published under 

SCIENTIFIC AMERICAN's present editorial direction and marks the fifo 

teenth anniversary of the "new" SCIENTIFIC AMERICAN. 

For librarians, scientists, engineers and all who have an active concern in 

the work of science, the Index should prove a productive research and 

reference tool. It will multiply many times the value and usefulness of the 

collected issues of this magazine. 

To secure your copy of the Index simply return the order form below 

with your check. 

SCIENTIFIC AMERICAN 
415 Madison Avenue, New York, N. Y. 10017 

Please send me ___ copies of the SCIENTIFIC AMER I CAN cumulative Index at the 
publisher's price of $3 for each copy. I enclose payment with the understanding 
that the Index will be sent postpaid. 

Name ________________________________________________________ __ 

Address ______________________________________________________ __ 

City _________________________________ Zone ____ State __________ _ 

(New York City residents please add 4 per cent sales tax) 

busy, inventive, contagious with the me· 
chanics of growth. Boxes and business 
forms, pharmaceuticals and metal sash 
-this is the community alive with pro· 
ductivity, where the synergistic action 
exceeds the sum of the parts. Before you 
decide on a location for your business, 
plant or office, learn why 80 industries 
came here to grow in the past twelve 
years, 16 within the last year! Investi· 
gate the advantages of a community with 
the room for roots and the climate for 
growth! In strict confidence, contact: 
Mr. E. L. Beaty, Development Director, 
Chamber of Commerce, 499 S. Murphy 
Street. 

sunnyvale ® 
CALIFORNIA 

Served by rail, motor and air freight. 
Highways 9, 17, 101 and lOlA Freeway. 

With artificial satellites already launched and 
space travel almost a reality, astronomy has 
become today's fastest growing hobby. 
Exploring the skies with a telescope is a 
relaxing diversion for father and son alike. 
UNITRON's handbook contains full·page 
illustrated articles on astronomy, observing, 
telescopes and accessories. It is of interest 
to both beginners and advanced amateurs. 

CONTENTS INCLUDE: 
Obser�ng th, sun, moon, plan,ts and wonders of the sky' 
Const,lIaUon map • Hints for observers. Glossary of t,tmope 
terms • How to choose a tetescope • Astrophotography 

UNIT/?ON 
INSTRUMENT COMPANY· TELESCOPE SALES OIV. 
66 NEEOHAM ST., NEWTON HIGHLANOS 61, MASS. 

I Please rush to me, FREE of charge, I 
IUNITRON'S OBSERVER'S GUIDE and TELESCOPE. 
I CATALOG # 6·W ; I I : Name : 
I • 
I Street I 
I • 

LCtty State ' 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

The electrically driven tuning forks 
that have appeared on the surplus 
market in recent years open to 

amateurs the opportunity for construct
ing a relatively inexpensive clock for 
use in experiments that require accurate 
timing. The tuning-fork clock is much 
simpler to build than its quartz-crystal 
counterpart. Small synchronous motors 
are available that operate directly on 
the 400-cycle frequency generated by 
the forks; no electronic frequency divi
sion is required, as in the case of 
quartz-crystal clocks. Moreover, the out
put of a well-designed fork is substan
tially greater than that of a quartz crys
tal and thus minimizes the amount of 
amplification required. About the only 
drawback is that the rate of the fork 
is not so constant as that of a quartz 
crystal. But the fork's advantages are 
such that it has been adopted as the 
timing unit in the watch-rate regulators 
used by most watchmakers and, in a 
miniaturized version, it constitutes the 

solder- dyops 
for tuning 

A tuning fork with electric dri(Je can lnake 

an inexpensi(Je and highly accurate clock 

timing unit in a currently popular elec
tronic wrist watch of high accuracy. 

During a continuous 37-day test 
made recently, Tom Clements of Tap
pan, N.Y., found that typical forks do 
not deviate by more than .6 second in 
rate from the time as broadcast by radio 
station WWV of the National Bureau of 
Standards. The tuning-fork clock Clem
ents designed does triple duty as an 
audio-frequency standard, a timekeeper 
and a perpetual electromechanical cal
endar that can be programed years in 
advance to switch other apparatus on 
or off automatically at any instant. 

"All clocks," writes Clements, "have 
at their heart some regularly recurring 
phenomenon, such as the swing of a 
pendulum or the beat of a balance 
wheel, that serves as the generator of 
timing oscillations from which the clock 
eventually derives its display for the 
user. Several clocks built by amateurs 
that employ crystal oscillators for this 
purpose have been described in your 
column [September, 1957; June, 1961; 
March, 1963], and there is no doubt in 
my mind that all were fine examples of 
the amateur's art. In fact, the subject 
had been so well covered that about 
two years ago I began to look around 
for some way to be original rather than 
travel the trail so well laid out by others. 

piece 

Fortunately I happened to notice an 
offering of some rather good 400-cycle
per-second tuning-fork assemblies on 
the surplus market. It seemed to me 
that an interesting clock could be built 
by driving a 400-cycle synchronous mo
tor from the oscillations of one of these 
forks and arranging for the motor to 
generate regular pulses that could then 
be counted using stepping relays of the 
type designed for telephone switching. 

"In the form used for generating elec
trical oscillations, tuning forks are spe
cially constructed for maximum sta
bility; usually they are sealed in a 
controlled atmosphere. They dissipate 
energy through internal friction and, 
depending on the atmosphere, through 
acoustic radiation. These energy losses 
must be continually replaced to sustain 
oscillations of constant amplitude. This 
is achieved in the fork I used by making 
the tines of magnetic material and using 
an electromagnet between the tines to 
drive them. A second electromagnet, 
also located between the tines, acts as 
an alternating-current generator. The 
signal from this coil is amplified and 
then applied to the first electromagnet 
as the driving energy [see illustration 
on this page J. In other words, the elec
tromagnets and the amplifier constitute a 
positive feedback loop. 

coil 

"My fork came in a sealed can mount
ed on a module together with a two
tube amplifier for sustaining the oscil
lations. I found that it did not vibrate 
exactly at 400 cycles; the first model 
of my clock ran fast by a few seconds 
a day. Some study convinced me that 
it would be impossible to shift the fre
quency enough by electrical modifica
tions of the drive circuit to achieve the 
desired 400 cycles. I opened the sealed 
can and found that the manufacturer 
had tuned the fork by first cutting it to 
vibrate at slightly more than 400 cycles. 
Drops of solder had then been added to 
the tips of the tines to lower the fre
quency. The final adjustment had been 
made by filing away the solder. I was 
relieved to discover that the fork seemed 
just as active in air as it had been in 
the can. This indicated that the pres-

drive 
coil 
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sure of the gas in the can had been 
approximately that of the atmosphere. 
Inspection of the can led me to guess 
that the unit had been flushed with dry 
nitrogen or some other inert gas just 
prior to seal-off. I also found that the 
activity of the fork could be improved 
by rubbing the center pole pieces of the 
electromagnets simultaneously with one 
pole of a strong bar magnet, thereby 
magnetizing the facing ends of the drive 
and pickup coils. 

"The tuning procedure, for adjusting 
the fork so that it can be made to op
erate at 400 cycles, is fairly simple if 
some care is taken to understand what 
is happening. The idea is to tune the 
fork by adding or removing solder from 
the tips of the tines until the frequency 
is slightly higher than 400 cycles. When 
this has been done, the frequency can 
be shifted to exactly 400 cycles by 
changing the phase of the frequency 
that drives the fork in relation to that 
generated in the pickup coil. It turns 
out that it is not practical to shift the 
frequency upward by electrical means. 
All my attempts to do this resulted in 
parasitic oscillations that suppressed 
oscillation at 400 cycles. 

"Before attempting to modify the 
fork I first measured its quality factor, 
or 'Q.' This is easily done by setting the 
fork into oscillation in its electronic cir
cuit and measuring the output of the 
pickup coil by using the amplifier as a 
preamplifier for feeding a signal to an 
oscilloscope. A measurement is then 
made of the time required for the oscil
lations to decay to .37, or 1/ e, of their 
initial amplitude. The circuit that sup
plies driving energy to the fork is 
opened when the signal has reached 
maximum amplitude and a stopwatch 
is started simultaneously. \;Yhen the os
cillations as observed on the face of the 
oscilloscope have decayed to about .37 
of their original value, the stopwatch 
is stopped. Q is then calculated from 
the relation Q = 3.14 X f X t, where f 
is the frequency (in this case 400 cycles 
per second) and t the time in seconds 
as read from the stopwatch. Testing 
several forks, I found Q's ranging from 
5,000 to 7,000, with 6,000 being about 
average. 

"Now, Q is also related to the band 
width or range of frequencies tluough 
which the fork vibrates at maximum 
amplitude. The relation is simply BW = 

flQ. The amount that the phase of the 
input, or driving, frequency shifts with 
respect to the output of the fork can 
be expected to be 45 degrees when 
the frequency departs by half of this 
band width from the center of the 
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+ 900 
phase response 
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Graph of the tuning fork's characteristics 

band. Taking Q to be 6,000, I esti
mated that the frequency is lowered by 
one part in 12,000, in relation to the 
natural resonant frequency, when the 
phase of the drive signal is shifted so 
that it lags 45 degrees with respect to 
the fork output. Since the sides of a 
graph plotted to depict the band width 
of the fork steepen rapidly in this re
gion, it is advisable to operate the fork 
well within the 45-degree region, as 
illustrated by the accompanying graph 
[above]. An electrical network I designed 
is used to shift the phase less than 20 
degrees, and thus to the neighborhood 
of one part in 40,000 in frequency, or 
to about two seconds per day in clock 
error. This network constitutes the 'fast
slow' adjustment of my clock. 

"The objective, then, is to tune the 
fork by adjusting the solder so that ini
tially the clock runs not more than two 
seconds per day fast. The Q measure
ments are of great help when making 
the adjustment. If one tine is tuned to a 
frequency slightly different from the 
other, the band width begins to broad
en. The broadening is quickly indicated 
by a lowered Q. The cure obviously is 
to adjust one tine or the other until the 
Q returns to its maximum value. Just 
add solder, tune by filing the solder a 
bit and observe the Q. A little practice 
enabled me to tune my fork without 
great difficulty. 

"The incorporation of a phase-shift
ing network into the electronic circuit 
that is supplied by the manufacturer to 
drive the fork proved somewhat diffi
cult. A little thought convinced me that 
it would be better in the long run to 
completely redesign this part of the cir
cuit for transistors and thereby gain the 
additional advantage of a unit that 
could be operated by batteries, if de-

sired, or to shift to battery operation 
automatically in the event of a power 
line failure. One summer's worth of 
ruined data was enough to convince 
me of the need for stand-by battery 
operation. 

"The electronic circuitry that ulti
mately resulted is shown by the accom
panying schematic diagram [page 139]. 
The oscillator amplifier is a hybrid cir
cuit, chosen because I wanted an auto
matic gain control to stabilize the drive 
to the fork. The frequency is weakly de
pendent on the amplitude of the driv
ing energy, and it is well to minimize 
this dependence as much as possible in 
order to improve stability. The auto
matic-gain-control circuit (ACe) is of 
the delayed type that enables the am
plifier to approach full gain until almost 
full amplitude has been reached; then 
the ACC takes control of the gain and 
therefore of the amplitude. 

"To achieve the desired performance 
I finally decided to include one vacuum 
tube of the new 'peanut' variety in the 
circuit, a tube designed to be compat
ible with transistor circuits. It has a 
26.5-volt filament and operates well 
from a plate supply of the same volt
age. A resistor in the cathode serves to 
bias the tube to its maximum gain when 
the ACC voltage is zero, and makes the 
circuit self-starting. The transistor Q1 
is a current amplifier and Q2 is a voltage 
amplifier. The network in the emitter of 
Q2 introduces the phase lag for the ad
justment of the fork frequency. It acts 
to increase the gain as phase shift is in
creased, thus tending to offset the de
crease in fork output as the frequency 
is shifted away from the fork's natural 
period. 

"Q3 is an amplifier of the emitter-fol
lower type that isolates the oscillator 
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from the driver. Q's 4 through 7 form a 
power amplifier that generates about 
three watts for the clock motor. The 
emitter-follower circuit was also selected 
for the output stage, primarily because 
it is stable under no-load conditions. 
The autotransformer connection in the 
output stage helped to solve the prob
lem of finding a transformer just right 
for the job. 

"The power supply is fairly simple. 
The inductance-input filter helps to 
maintain the voltage at a constant value. 
The Zener diode supplies regulated po
tential at 28 volts to the oscillator and 
excitation for transistor Q8. This tran
sistor functions as a voltage regulator of 
the shunt type; it supplies 28 volts to 
the driver and power amplifier. The re
sistor in the collector of Q8 helps to 
reduce the amount of power that is dis
sipated by this transistor. The 2N 174 
transistors are rated at 80 volts but no 
more than 60 volts is applied to them. 
The regulator must operate properly 

or these transistors may be destroyed. 
"Before undertaking the construction 

of the electronic part of the clock the 
inexperienced worker should review the 
literature of transistor construction. Tran
sistors are easily damaged by heat. The 
leads must not be bent sharply at the 
point where they enter the housing. 
Transistors Q5, Q6 and Q7 and the 
Zener diodes are mounted directly on 
the chassis, which acts as a heat sink. 
Q8 requires at least a medium-sized, 
finned heat sink, from which it must be 
insulated with mica washers. 

"1 mounted the entire electronic as
sembly, including the fork and power 
supply, on a metal chassis two inches 
high, eight inches wide and 17 inches 
long. The fork must be kept vertical. 
When the circuit has been constructed, 
all connections should be carefully 
checked against the schematic diagram. 
Then disconnect Q8 and the supply 
lead to the power amplifier and apply 
power from the line. If a variable trans-

former is available, use it to apply the 
power gradually. Then, with an appro
priate voltmeter, measure the output of 
the Zener diode. If it is regulating prop
erly, the potential, as measured at its 
cathode, should be 28 volts. Ground the 
lead from the automatic gain control 
and set the wiper contact of the AGe 
potentiometer at the positive supply 
end. The fork should now oscillate. 

"The shape of the wave form that the 
fork generates should be observable by 
connecting the oscilloscope at all points 
in the circuit that carry the signal. Next 
remove the ground that was previously 
placed in the lead from the AGe and 
gradually advance the wiper contact 
of the AGe potentiometer toward the 
grounded end. The AGe should now 
function. The output signal, as observed 
on the oscilloscope, should vary as the '
adjustment of the AGe is altered. Set 
the AGe adjustment for about two
thirds of full output, remove power, re
connect Q8 and the supply to the power 
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amplifier. Reduce the output to zero at 
the output-level potentiometer on Q3. 
Reapply power and measure the volt
age at the emitter of Q8; it should be 
about 28 volts. By means of the oscillo
scope observe the voltage on the emit
ter of either Q6 or Q7. The potential 
should be about 28 volts positive when 
no signal is present. Gradually increase 
the drive by means of the output-level 
control. Signal voltage should appear at 
the measured point. Increase the drive 
until the wave form just begins to de
velop a flat top. Do not increase the 
drive more than this amount. The maxi
mum voltage on the emitter should 
measure between 56 and 60 volts. An 
alternating current of 110 volts (root
mean-square, not peak-to-peak) should 
appear across the clock motor, which 
must be connected when the measure
ment is made. I use a 400-cycle, syn
chronous clock motor that was manu
factured by the Haydon Company, 245 
East Elm Street, Torrington, Conn. The 
400-cycle output of the amplifier can be 
divided by eight for operating a 50-
cycle motor, if required, or divided by 
20 and multiplied by three for 60-cycle 
output. 

"My tuning-fork module was obtained 
from the R. E. Goodheart Company, 
P.O. Box 1220, Beverly Hills, Calif. 
90213. By special arrangement the price 
has been reduced to $14.95 for amateur 
experimenters. This article should be 
mentioned when the fork is ordered to 
ensure that the proper model is supplied. 
The unit will arrive complete with vac
uum tubes and a schematic diagram. 
Before making any modifications apply 
the specified voltages and check to 
make sure the fork oscillates. If it does 

not, return the unit. The supplier has 
agreed to replace defective units 
promptly. To start the oscillation gently 
tap the cylindrical can that houses the 
fork assembly. Full output, as observed 
on the oscilloscope, should develop 
within about 30 seconds. 

"I attached a cam to the shaft of my 
motor, which turns at one revolution 
per minute. The cam closes a micro
switch briefly during each revolution. 
The rate of the tuning fork is observed 
by measuring the difference between 
the trailing edge of the minute pulse so 
generated and the beginning of the min
ute tone that is broadcast by WWV. I 
made my comparisons each evening at 
about the same time of day. The results 
of one 37 -day run are plotted on the 
accompanying graph [above]. Fluctua
tions of room temperature appear to 
account for most of the variations, al
though some inaccuracy is contributed 
by this stopwatch technique of observ
ing. The maximum error of measurement 
amounts to about .15 second, which is 
not particularly good. Currently I am 
working on a 400-to-l frequency divider. 
This unit, together with an oscilloscope 
display, will make observations easier 
and more accurate. 

"Room temperature during this run 
varied about three degrees Fahrenheit, 
both above and below the normal tem
perature of the room. That these chang
es could produce such variations in 
rates of the tuning fork demonstrates 
that the fork is sensitive to temperature. 
Other measurements similarly indicate 
that for maximum stability the fork 
should be placed in an oven at constant 
temperature. I plan to construct a small 
oven in the near future. The Q of the 
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fork tends to vary to some extent with 
barometric pressure, and this too affects 
the stability. By far the best solution of 
this problem would be to operate the 
fork in a vacuum. A vacuum housing 
would increase the Q substantially and 
with it the stability. The fork comes in a 
gas-tight container that is Rtted with a 
sealed inlet tube and therefore can be 
exhausted readily by those who have 
access to an air pump. 

"Having progressed to this point, I 
decided to equip the timing unit with a 
digital display and perpetual calendar. 
The problems changed from the design 
of electronic circuits to those of count
ing circuits. Good counting devices of 
course include vacuum tubes and tran
sistors. They can accept millions of 
pulses per second. For counting at lower 
rates one can use stepping switches of 
the type that accept dialing pulses in 
telephone exchanges. These are avail
able inexpensively on the surplus mar
ket and, depending on the number of 
contacts, are remarkably versatile. 

"The counting circuit includes seven 
principal stepping switches, together 
with several auxiliary relays, for count
ing minutes, tens of minutes, hours, 
days, the date, the month and the year. 
The circuit provides the appropriate 
skip every four years in February for 
leap year. By adding a few coincidence 
circuits, which can be selected by 
switches, I found it possible to generate 
pulses at preset times for actuating a 
variety of other apparatus in my base
ment shop, as well as appliances up
stairs including the radio set and a digi
tal display of the time. I wound up with 
what may well be the world's most com
plicated alarm clock! 

"Basically the stepping switch is sim
ply a multi position switch whose shaft 
is driven by a ratchet-and-pawl arrange
ment. An electromagnet actuates the 
mechanism in such a way that a brief 
pulse of energy causes the switch to 
step one position. There are often auxil
iary contacts provided so that the switch 
can be made to self-step, or to rotate 
continuously at its free-running rate un
til power is removed. This feature al
lows the skipping of unwanted positions 
and is used to set the switch to some 
preselected initial position. The self-step 
contacts usually operate just at the end 
of the full travel of the electromagnet 
armature and can be opened there or 
closed, like a common household-buzzer 
action that sets up an oscillation. The 
switch can be wired to move one posi
tion during each oscillation. Other aux
iliary contacts on the switch itself can 
be used to halt the action when the 
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switch arrives at a desired position, 
designated as the 'home,' or 'normal,' 
position, or at other desired positions. 

"Stepping switches are of two types: 
step-on energize and step-on de-ener
gize. In the fOlmer the shaft moves 
when the pulse is applied to step; in 
the latter the pawl is cocked against a 
spring when the pulse is applied, and 
the spring releases its energy to step the 
switch when the pulse is removed. Most 
of my switches are of the second type 
in the minutes, hours and date part of 
my clock and of the first type in the 
days, months and years part, for the rea
son that the second type is easier to 
step synchronously [see illustration 
belowl. 

"I adopted a design axiom that will 
explain why parts of this circuit may 
seem unnecessarily complex. It is far 
better, in my opinion, to design COWIt
ing circuits so that they can operate in 
a single way or not at all than to trust 
to luck and hope that with a precisely 

Amperite 
6No�OT re5et 

off- K1 normal (3m 
on K/ 

timed sequence of operations the clock 
will count for months on end without 
making a mistake. It is discouraging to 
build any counting circuit only to dis
cover after a few weeks of operation 
that it occasionally misses a count be
cause the proper functioning of the 
parts was made to depend on two op
erations that occur at slightly different 
times, when by adding an auxiliary re
lay or two the designer could have 
achieved complete reliability. It should 
also be noted that almost all stepping 
switches are rated for momentary op
eration; prolonged application of power 
may overheat the relay coil. Care must 
be taken to ensure that sustained power 
cannot be inadvertently applied to any 
coil, unless the designer is prepared to 
replace an occasional coil, or even a 
complete switch. 

"Care must also be taken to suppress 
arcs between the contact points of all 
stepping switches. Most manufacturers 
can supply instructions for minimizing 

yearly 
Ledex type 

NL-600S1-3N-l0 

arcs in their particular switches. In ad
dition each unit should be tested as it is 
placed in the circuit, a time at which it 
is also advisable to check the contacts 
for proper alignment and adjustment. 

"Beyond these considerations the 
counting circuit requires little discus
sion. I shaIl be glad, however, to for
ward a complete, mimeographed analy
sis of the action of the circuit on receipt 
of a stamped, self-addressed envelope. 
Address requests for the analysis to Tom 
Clements, P.O. Box 598, Palisades, N.Y. 
10964. FinaIly, a smaIl group of enthusi
asts that makes a hobby of constructing 
accurate clocks and other timing de
vices has recently banded together in 
an informal organization known as the 
American Amateur Chronomeh'ic Soci
ety for the purpose of exchanging infor
mation concerning the measurement of 
time. A letter addressed to me will bring 
an invitation to join, together with an 
explanation of what we hope to ac
complish." 

Schematic diagram 0/ an electromechanical calendar 
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/I The blood more stirs 
to rouse a lion 

than to start a hare!" 
William Shakespeare 

There are challenges and then there 

are challenges. 

Consider the one that confronts us 

at MITRE. We are responsible for 

the design, development and inte

gration of the major command and 

control systems that protect th.e free 

world. 

This involves systems for nuclear 

detection (NUDETS), long distance 

Air Force communications systems 

(SPACE-COM), ballistic early warn

ing systems (BMEWS), National 

Military Command Systems (NMCS), 

and many more. 

Working at MITRE, a man may 

think in terms of an overall system 

to provide instant warning in case of 

attack; of a sUb-system that might 

be a flock of orbiting satellites; of a 

component that's one of the world's 

largest computers. 

That's the scope of the challenge 

at MITRE. Frankly, it's as big as a 

systems man can tackle. On the other 

hand, it affords an opportunity to ex

pand your capabilities, to contribute 

to an important science, to mingle 

with a caliber of personnel you 

wouldn't find working on a lesser 

challenge. 

MITRE is located in pleasant, sub

urban Boston. Openings are also avail

able in Washington, D.C. and 

Colorado Springs. Rewards are com

petitive. Engineers and scientists -

preferably with advanced degrees and 

at least five years' experience in elec

tronics, mathematics or physics -

write in confidence to Vice President 

- Technical Operations, The MITRE 

Corporation, P.O. Box 208R, Bedford, 

Massachusetts. 

THE _____ _ 

MITRE 
CORPORATION 
An Equal Opportunity Employer 

Pioneer in the design and development of command and control systems, MITRE was chartered in 1958 to serve only the United 
States Government. An independent nonprofit corporation, MITRE is technical advisor and system engineer for the Air Force Elec
tronic Systems Division and also serves the Federal Aviation Agency and the Department of Defense. 
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by Edwin C. Boring 

THE VITAL BALANCE : THE LIFE PROCESS 

IN MENTAL HEALTH AND ILLNESS, by 
Karl Menninger, with Martin May
man and Paul Pruyser. The Viking 
Press ($10) . 

M
an is so unalterably social a 
being that it is a bit silly to talk 
about him, in the way psychol

ogists so often do, as an "individual" 
or "the organism."  The organization of 
this particular organism extends far be
yond the individual's skin to include 
both events in his environment and 
other people. Try to imagine a mental 
illness-purely a mental illness, not a 
physical one-in the legendary wild 
boy of the forest, who, nurtured by a 
wolf, grows into a wild man who has 
never seen another person. Catch him 
and take him to town and there he will 
be in troubfe, but out in the forest 
the sort of mind he has is simply the 
sort of mind a wild man has. He could 
become physically ill and might even 
starve to death, but he would not be 
mentally ill . Back in town there might 
be in the mental health center, as it 
is called in these enlightened days, 
a withdrawn person down at the fourth 
level of "dysorganization" on the Men
ninger scale, a man who sits silent and 
immobile all day in a private world of 
his own-off "in the next room," as 
psychiatrists sometimes express this kind 
of mental isolation; yet even he would 
not be a social isolate. To understand 
him, and later to help or cure him, 
you have to know what it is he has 
shut himself off from, and it is always 
a world of people he is busy rejecting. 

This is the theme of Karl Menning
er's book: how man, a social unit, suc
ceeds or fails in his never ending effort 
to maintain an equilibrium, a "vital bal
ance," between on the one hand the 
forces from without and from within 
that favor his dysorganization and on 
the other hand the forces, also from 

BOOKS 
About the lUl1nane psychiatric 

philosophy of Karl Menninger 

without and within but mostly from 
within, that favor his integration and 
control. We know this balancing act in 
its physical aspects. Introduce an anti
gen into the blood and antibodies form 
against it. Menninger goes back to the 
19th-century French physiologist Claude 
Bernard for his idea and for a more 
recent analogy cites 'Walter B. Can
non's concept of homeostasis. He may 
not have known that the telm "vital 
balance" was used by the German phi
losopher Richard Avenarius in his Kri
tik der reinen Erfahrung of 1888-1890, 
a difficult book that had great influence 
on the positivistic psychologists of his 
day. Whenever a vital difference oc
curs, set up by destructive forces from 
outside, said A venarius, adaptive vital 
events from inside are marshaled to re
store the vital balance. In modern par
lance this is also the way a servomech
anism works, enabling a self-regulating 
system to maintain its equilibrium. 

Menninger not only presents man as 
a social unit, inextricably related to 
his fellows; he also illustrates the point 
with his own personality. Karl Men
ninger is person-oriented-a clinician, 
teacher and writer. As a clinician his 
lifelong mission has been to restore 
faith and hope to those who are suf
fering or confused and who have re
treated from reality. As a teacher he 
conveys to his many young disciples 
the doctrine that there is no line be
tween the normal and the abnormal 
mind, that the struggle of the mentally 
ill may be different in degree but not in 
kind from the struggle that is the es
sence of every man's existence. As a 
writer he has produced at least eight 
books and more than 300 articles, many 
of them pounding at this same humani
tarian theme. 

His book has no preface, but it is 
possible to supply one. Karl Menninger 
was born in Topeka, Kan. ,  in 1893. His 
father was a physician who was associ
ated in the enterprise that later devel
oped into the Menninger Clinic and is 
now the Menninger Foundation. Karl 
was graduated from the University of 
\,yisconsin in 1914 and then went to the 

Harvard Medical School for his M.D.; 
soon he returned to Boston as an in
structor at the Boston Psychopathic 
Hospital. At Harvard he came under 
the influence and stimulus of the mag
netic E. E. Southard, 17 years his senior, 
then professor of neuropathology until 
his sudden death in 1920. Southard 
had a brilliant mind and was a friend 
and admiring disciple of William James, 
who was 34 years his senior. James, 
Southard and now the young Menninger 
were all of the same cast of mind: 
warm in human relations and patient 
with human frailty. Later, when Men
ninger read James's letters, he said he 
could hear Southard speaking. For Men
ninger, who cites him repeatedly, South
ard had become an intellectual father 
image. 

The editor of Menninger's selected 
papers, who had also been a pupil of 
Southard's, quotes Southard : "It is im
portant for young psychiatrists to get 
in the habit of writing. Write about 
your cases. 'Whether you feel you have 
anything to say that has new signifi
cance or not, it is important for you 
to write. You must share with others 
what you have learned, and the task of 
writing clarifies your own thinking." 
That has been two-thirds of Karl Men
ninger's life-writing and teaching. The 
other third was his inspiring of hope in 
those who needed it. He writes almost 
as if he got all this from Southard, but 
of course any such view is bound to be 
wrong. Menninger himself warns against 
expecting to find any single force the 
sufficient cause of any attribute of pres
ent personality. James, Southard, Men
ninger and all the others who were 
associated with them were agents of 
a changing Zeitgeist. 

Menninger's most important book may 
be The Human Mind, editions of which 
appeared in 1930, 1937 and 1945. The 
first edition brought him enough money 
to afford psychoanalysis with Franz 
Alexander; he was Alexander's first 
psychoanalytic subject. In the early 
1930's anyone who undertook psycho
analysis was still considered a bit odd, 
but these young men saw correctly that 
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Freud was part of the Zeitgeist's wave. 
Menninger wrote steadily through the 

four decades after 1919 . By 1963 he 
was 70, an age at which many men want 
to go over what they have done, bring 
it up to date and correct errors of judg
ment. The Vital Balance must be such 
a book, even though one cannot be sure 
that Menninger will not do the same 
thing all over again at 80 and 90. 

It is not certain how Menninger's 
coauthors Mayman and Pruyser come 
into The Vital Balance. In places the 
text uses a studied "we" that does not 
mean the author and his reader but 
sounds as though it had been substi
tuted in manuscript for "I ." Then in 
other places and without warning you 
read "Mrs. Menninger and I" or "as my 
brother has suggested." Perhaps Men
ninger's associates took the whole man
uscript and attempted to integrate it. 
The volume lacks the unity of The 
Human Mind in that you cannot tell the 
audience for whom it was written, and 
there is no preface to speak for it. Prob
ably this is what Menninger wanted to 
say to young physicians, hoping that 
educated laymen would also read it and 
find it interesting. 

Menninger starts out with diagnosis. 
He has first to attack the many classifi
cations of mental disease that have come 
to us from Greek times up to the pres
ent. He once made a hobby of collecting 
such lists, and he has reproduced 77 of 
them, all banished to an appendix. (He 
includes William Cullen's 108 species 
and 27 genera of mental disease and 
also mentions Philippe Pinel's 2,400 
species, which Pinel later reduced to 
four. )  In psychiatry, as in biology, tax
onomy may give you a start, but no man 
of action is content to live in a museum. 
Menninger scorns both the ancient and 
the modern classifications of mental dis
ease as false diagnoses that tend to 
pigeonhole a person instead of leaving 
him free to move along a continuum be
tween incompetence and competence. 
He notes how dementia praecox was 
once a rigid classification, how most of 
the patients in a mental hospital came 
to be so classified, and how the term 
first changed to "schizophrenia" and 
then went out of use because there was 
no common treatment appropriate for 
all these people . Often dementia prae
cox was only two words on a file card 
made out when the staff consigned the 
patient to a hopeless future. Menninger 
is sure that many of these cases are re
versible and that diagnosis is better 
made by estimating the degree of in
competence. States of mind are not 
specific. They are not separated in the 
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sense that biological species or physical 
diseases are. 

After diagnosis Menninger traces the 
history of treatment down through 
the ages. First there was abuse-whip
ping, beating, starving, freezing-on the 
chance that the sick person would be 
shocked back to normality. The ruthless 
practitioners of these methods may have 
been motivated by frustration. After 
that there was the absence of treatment : 
the sick person was incarcerated and al
lowed to deteriorate. Then in the early 
19th century, with Pinel and Dorothea 
Dix, there was an attempt to apply 
kindness and education, a practice that 
was in general ridiculed. Medicine had 
been tried from Greek times and later 
surgery, of which the latest form is ex
cision of portions of the brain . Psychol
ogy did not emerge as treatment until 
later in the 19th century in France, with 
A. A. Liebeault and J. M. Charcot. 
World War I presented psychiatrists 
with "shell shock," which surprised 
them by proving to be a reversible 
incompetence. Psychotherapy came in 
with Freud and Pierre Janet in the 
present century, and now, says Men
ninger, we are equipped with a holistic 
approach which takes the whole per
sonality into account and which this 
book is about. 

To talk about these matters you need 
what is called a behavior theory, and 
Menninger's behavior theory is this busi
ness of the individual's need to maintain 
a vital balance. A person finds himself 
the seat of a perpetual adaptive effort 
to maintain the vital balance by the mu
tual interaction of himself and his en
vironment. Since the environment is al
ways in flux, so also must be the person; 
he changes to meet change, changing 
the outside world or changing himself 
in accordance with the capacities of his 
ego. Menninger cites many famous 
names as having contributed to this con
ception of balance, even alluding to 
Henry Louis Le Chatelier's conception 
of chemical equilibrium. He thinks that 
the evolution of psychiatry from classi
fication to function is an abandonment 
of Aristotelian thinking in favor of the 
functional conceptions of GaliIeo (an 
argument put forward by the psycholo
gist Kurt Lewin) . Menninger accepts 
from Freud an ego theory : the notion 
that there is an ego constantly bothering 
about the vital balance, choosing modes 
of adaptation, striving always for au
tonomy, perceiving reality in order to 
maintain mental organization and also 
acting as conscience-Menninger does 
not take over the superego. 

The chief activity of the ego is coping, 

which it does pretty well at the com
petent end of this particular stretch of 
human variability. At the other end the 
ego keeps trying to cope but may fail . 
"Coping" is a good word to add to psy
chiatric jargon; everyone knows what it 
means and recognizes it as his principal 
activity. In some ways this chapter 
resembles Freud's Psychopathology of 
Everyday Life, showing how we man
age the day's stream of problems but 
slip up now and then. The idea

' 
that 

coping is living is not new, however, 
and Menninger quotes Samuel Butler on 
the topic : "All our lives long, every day 
and every hour, we are engaged in the 
process of accommodating our changed 
and unchanged selves to changed and 
unchanged surroundings; living, in fact, 
is nothing else than this process of ac
commodation. . . .  In quiet, uneventful 
lives the changes internal and external 
are so small that there is little or no 
strain in the process of fusion and ac
commodation; in other lives there is 
great strain, but there is also great fus
ing and accommodating power; in others 
great strain with little accommodating 
power. A life will be successful or not, 
according as the power of accommoda
tion is equal to or unequal to the strain 
of fusing and adjusting intemal and ex
ternal changes." So coping is normal. 
Coping is living. 

So far, so good, but coping is not 
always successful. There are failures of 
adaptation, and they can be permanent, 
even though they can sometimes be re
versed. In other words, there is such a 
thing as mental illness. You need some 
way of labeling it without separating it 
from the adaptive process or pigeonhol
ing it as hopeless. Menninger asks you, 
therefore, to consider five orders of dys
function, of dysorganization and dyscon
trol . Dys is not dis. It means bad, bad 
organization, bad control. All five "dys
orders" are bad: they belong in the 
series that runs beyond nOlmal coping 
toward incompetence. 

The first order of dysorganization and 
dyscontrol is mere "nervousness." The 
person is taken off guard and normal 
coping fails. There is increased tension. 
Some thoughts are shut out-automati
cally repressed. There may be a good 
deal of repetitive thinking. Menninger 
gives a list of eight exaggerated symp
toms, but you don't call the doctor yet. 
At this level reversibility is taken for 
granted. Wait. 

The second order means some with
drawal from reality. There is personality 
change toward a simpler level of ma
turity. There is a great deal of anxiety. 
The person tries to escape from reality 
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choose from these 18 outstanding Behavorial Science offerings: 

PSYCHIATRY 
AND PSYCHOTHERAPY 

AN I N T R O D U C T I ON T O  
PSYCHOTHERAPY, b y  Sid
ney Tarachow, M.D. Origi
nal discussion of principles 
and practice of psychother
apy. 

. LIST PRICE $7.50 
MEMBER'S PRICE $5.75 

THERAPEUTIC COMMUNI
CATION; by Jurgen Ruesch. 
M.D. The central role of 
communication in social con
structs and in the therapeutic 
process. LIST PRICE $7.50 

MEMBER'S PRICE $5.50 

THE VITAL BALANCE, by 
Karl Menninger. A brilliant 
work which relates psychia
try to the complexity of mod
ern thought. 

LIST PRICE $10.00 
MEMBER'S PRICE $6.95 

ARCHEOLOGY 
& ANTHROPOLOGY 

THE ORIGIN OF RACES, by 
Carleton S. Coon. The first 
detailed theory of the five 
races of man, drawn from 
extensive evidence. 

LIST PRICE $10.00 
MEMBER'S PRICE $7.50 

FIVE FAMILIES, by Oscar 
Lewis. A Significant. cross
cultural study of life, cus
toms, and emotions in con
temporary Mexico. 

LIST PRICE $6.50 
MEMBER'S PRICE $4.75 

STRUCTURAL ANTHROPOL
OGY, by Claude Levi-Strauss. 
Representative writings by 
today's foremost anthropo
logical theorist. 

LIST PRICE $10.00 
MEMBER'S PRICE $7.50 

MANKIND EVOLVING, by 
Theodosius Dobzhansky. The 
distinguished zoologist ex
plains his original theory of 
evolution. LIST PRICE $7.50 

MEMBER'S PRICE $5.95 

CHILD PSYCHIATRY 
& CHILD DEVELOPMENT 

SIX CULTURES: STUDIES OF 
CHILD REARING, edited by 
Beatrice B. Whiting. Impor
tant study of child rearing 
practices in six different cul
tures. LIST PRICE $12.50 

MEMBER'S PRICE $9.95 

CREATIVITY AND INTELLI
GENCE, by GetzeJs & Jack
son. Significant investigation 
Of relationship between high 
creative potential and high 
intelligence in adolescents. 

LIST PRICE $5.95 
MEMBER'S PRICE $5.25 

THE P S Y C HO A N A L Y T I C  
STUDY O F  THE CHILD, Vol. 
XVIII. Major new contribu
tions to psychoanalytic theo
ry on normal and pathologi
cal child development. 

LIST PRICE $10.00 
MEMBER'S PRICE $6.95 

SOCIOLOGY 
& SOCIAL PSYCHOLOGY 

PATTERNS OF INCEST, ed'
ited by R. E. L. Masters. 
Fascinating, long-needed 
psycho - social study of the 
incestuous relationship. 

LIST PRICE $9.50 
MEMBER'S PRICE $6.95 

THE DOGMA OF CHRISTI 
THE SOCIOLOGY OF RELI
GION. Dual Selection. Tren
chant essays by Erich Fromm 
- plus - Max Weber's ma
jor formulations on the soci
ology of religion. 

LIST PRICE $11.45 
MEMBER'S PRICE $7.95 

SOCIOLOGY TODAY, edited 
by Merton, Broom & Cot
treU. Wide - ranging anthol
ogy of writings on trends, 
problems, prospects in so
ciology. LIST PRICE $7.95 

MEMBER'S PRICE $5.95 

GROUP DYNAMICS, edited 
by Cartwright & Zander. 
New edition of the modern 
classic on approaches to 
group study. Data on group 
c o h e s i v e n e s s ,  pr e s s u r e s , 
standards and goals. 

LIST PRICE $7.25 
MEMBER'S PRICE $5.90 

OTHER IMPORTANT 
BOOKS 

THEORIES OF LEARNING, 
by Ernest R. Hilgard. New 
edition of the well - known 
work that analyzes and eval
uates major contemporary 
theories of learning. 

LIST PRICE $5.50 
MEMBER'S PRICE $4.95 

PSYCHOLOGICAL INTER
PRETATION, by Leon H. 
Levy. Profound analysis of 
psychological interpretation. 
its characteristics, principles, 
and role in psychotherapy. 

LIST PRICE $7.50 
MEMBER'S PRICE $5.75 

HISTORY, PSYCHOLOGY, 
AND SCIENCE, by E. G. Bor
ing. Edited by Watson & 
CampbeU. Selected papers by 
the eminent psychologist on 
psychological aspects of 
science. LIST PRICE $8.95 

MEMBER'S PRICE $6.95 

STATISTICS: A NEW AP. 
PROACH, by WaDis & Rob
erts. The most highly re
garded book on statistical 
reasoning and the methods 
of statistics. 

LIST PRICE $7.00 
MEMBER'S PRICE $5.95 

THIS GIFT OFFER dramatizes two of the many rea
sons why more than 57,000 professionals have 

joined The Behavioral Science Book Service: (1) 
Your choice of one of the outstanding works above 
as a gift demonstrates the calibre of books and the 
substantial savings (over 40%) you enjoy; and 
(2) the groups of books at the left give you just a 
sampling of the broad editorial program which, out 
of the hundreds of titles published monthly, selects 
the most valuable for your consideration. 

Select from many disciplines and specialties 

As a member, you are free to draw upon titles in 
Sociology, Anthropology, Psychology, Psychiatry, 
Archeology, Education, Scientific Reference, and 
other key areas. You receive a monthly Newsletter 
containing reviews by leading authorities on sig
nificant new works in each field. Use the coupon be
low to choose your free Gift Book and your first 
Selection. You receive another free Bonus Book 
after every fourth Selection. Why not mail your 
choices today to The Behavioral Science Book 
Service, 59 Fourth Avenue, New York 10003. 

Which valuable work may we send you FREE? 

Behavioral Science Book Service 5-4 
59 Fourth Avenue, New York 10003 

Please enroll me as a member and send me the Gift 
Book and first Selection that I have indicated below. 
Bill me for my Selection only at the reduced Mem
ber's Price, plus postage. As a member I need take 
as few as three more Selections during the next 12 
months. all at reduced Member's Prices. I will receive 
a free Bonus Book of my choice after every fourth 
Selection. 

Membership Gift Book: ___________ _ 

First Selection: ______________ _ 

Name. 

Address ... 

City . . . . . . . . . . . . . . . . . • . .  State .......... Code .... . 
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by forgetting, falling asleep, moving 
into a world of fantasy, "sleepwalking." 
Aggressive tendencies develop; the ego 
tries to control them, sometimes by di
recting them against the person's own 
body, as in self-mutilation or the use of 
drugs . The ego may turn to exaggerated 
religiosity or magical formulas and ritu
als such as food faddism. This level rep
resents a broad span of the dljs con
tinuum. We can name it neurosis, and 
it may be time to call in the doctor. 

The third order is plain aggression, 
active but obscured in the second order 
and now out in the open . Physical at
tacks and social offenses can now get by 
the increasingly ineffectual ego. The 
person never really knows "why I did 
it," although he may manufacture a 
reason, often a silly one. Nowadays, 
with overt aggression out of style, ag
gression is no longer considered manly 
and courageous ; the Zeitgeist moves on 
toward the values of Socrates, Jesus and 
Gandhi. Only a few sanctions for attack 
on one's fellow man are left, for example 
war, hunting, capital punishment and 
prizefighting. So it is that the ego more 
often fails to curb hostility than it 
once did-the demands on restraint are 
greater. Much of this battle goes on at 
an unconscious level, and evidence of 
cognitive dissonance is likely to be 
buried wIder rationalization . At the con
scious level Hitler must have been sin
cere about his feelings toward the Jews, 
and today there are many whose aggres
sions are directed against entire groups 
such as capitalists, Negroes and Demo
crats . Impulsive violence may be felt 
and exercised, even when it is entirely 
out of keeping with the habitual person
ality. The individual may ask to be 
locked up so that he cannot commit a 
physical attack, and if he commits an 
attack it may be erased from his mem
ory. All these dyscontrols have psycho
logical bases, the discovery of which is 
not easy. The failure of the ego ex
presses some other failure that is the 
basis of aggression. 

The individual usually manages to 
present a fa9ade of propriety, but at the 
fourth level of dyscontrol the fa9ade 
may no longer be maintained. Now we 
are on the edge of what used to be 
called a psychosis. The patient seems to 
talk perpetually and senselessly, since 
the hidden meaning of what he says is 
not clear. He is given over to depression, 
sadness, hopelessness and feelings of in
adequacy, incompetence, worthlessness 
or wickedness. Elation and irascibility 
may occur in alternation. He may es
cape into a private world of delusional 
preoccupation, or his delusions may re-
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veal themselves as in paranoia, or he 
may lapse into a confused delirium. 
Menninger tells us that these extreme de
teriorations are usually reversible. The 
crisis, having come, may recede. 

A few people, Menninger says, may 
move on to the fifth stage of dysorgan
ization and dyscontrol and may even 
pass beyond hope. This is the living 
death, where the subject lives on with
out activity or interest. Sometimes he is 
able to mount an effort of self-destruc
tion . In either case the ego has surren
dered, and death-biological or psycho
logical-is all that is left. 

Menninger's book concludes with 
chapters on the physician's role in treat
ment. He stresses the reversibility of the 
course of dysfunction, but there is no 
sure route to cure. One difficulty is that 
the retreat from reality can be the ego's 
solution of a problem. Security may be 
gained by escape, as the herbivorous 
members of the animal world know. Ill
ness removes responsibility. Menninger 
cites the case of "Mary Smith," hospi
talized, lonely, with the delusion that a 
beloved son was trying to see her, spells 
of shaking the bars of her window and 
calling out to this son who was not 
there. A new doctor started by showing 
interest in her, sitting and listening to 
her. Soon she began to get better, and 
this sympathetic understanding on his 
part set her off toward recovery. After 
13 years in the hospital with no im
provement, she now changed rapidly. 
The doctor had begun with the listening 
treatment in March, and by October 
Mary Smith was paroled to a job of 
practical nursing. She was then 76. She 
returned once more to the hospital, but 
for the most part she lived outside, re
establishing old social contacts, engag
ing in many useful activities, and finally 
retired to a nursing home at 90. 

Does this mean that listening is the 
best treatment? Not always. There was 
another case in which all effort at treat
ment failed, and a young woman was 
finally transferred from a mental hospi
tal to a private sanitarium where it was 
thought she would live out her thwarted 
life without change. Less than a year 
later Menninger, waiting at the station 
to be picked up by the young woman's 
father and di'iven home, was astonished 
to be met by the daughter herself in the 
family car. She laughed at his amaze
ment and thanked him for helping to 
move her to a place where she had "no 
one but myself to depend on ."  This par
ticular ego had not found escape the 
solution to its problem. 

What does the physician do? Should 
he be permissive or employ discipline? 

Menninger thinks that he needs to be 
wise and to remember that, if his wis
dom fails, the fault is still not his when 
so many factors are at work. The im
portant thing is to love these people who 
have lost control, says Menninger, ex
pressing not so much a contribution to 
science as a conviction filmly set at his 
threescore years and ten. The remedial 
role of the physician, he urges, depends 
on the use of the "intangibles," which 
are first love, then faith and theri also 
hope, and the greatest of these, as St. 
Paul said, is love. Let the patient know 
that the physician loves him, that the 
physician has inexhaustible faith in his 
recovery and keeps on hoping and hop
ing for his improvement. That is Karl 
Menninger's evangel. 

Is an evangel enough? It is less than 
the truth. Menninger brings faith and 
hope to his theory as well as to his pa
tients . Here you have a kind personality 
administering a kind therapy, and in 
what other way could you get a kind 
therapy administered? Surely not by a 
tough cynic. And is Menninger wrong 
in his faith because he does not always 
succeed? No, the test would lie in 
whetIIer a more successful therapy is 
known to exist. Here it may be that in 
abandoning the old classifications (as 
other up-to-date psychiatrists also do) 
Menninger has been in error in limiting 
himself to variation along a single di
mension of dysfunction. Mental illness 
may eventually be found to vary along 
several different courses of dysfunction, 
with movement more readily reversible 
on some courses than on others . The ex
perimental control would be to see 
if a tough-minded, cynical Menninger 
would come up at 70 with a simi
lar kind of St. Paul therapy. Has the 
psychiatrist's faith been wrought by 
facts, by his own personality or-as is 
almost inevitable-by both? For this 
question the reviewer has no answer; 
yet he too has a faith. It is that civiliza
tion is carried forward on the shoulders 
of many dissenters . It is more important 
that Menninger be clear than that he be 
right. Being clear, he becomes a usable 
model of his conviction. Those who dis
sent from his faith in the therapy of love 
or from his linear conception of dysfunc
tion are now challenged by him to set 
up equally clear models. Then clinical 
experience can ultimately decide. 

Short Reviews 

S
CIENTIFIC CHANGE, edited by A. C. 

Crombie. Basic Books, Inc . ,  Pub
lishers ($17.50) . This closely printed 
896-page book is more like a Festschrift, 
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Photographic interpretation by William Thonson 

Since 1944, when Los Alamos 
scientists developed the world's first 
homogeneous reactor as a research 
tool, they have maintained a lively 
interest in special purpose reactors. 
Interest now centers on novel fuel 
systems, such as use of molten plu
tonium in high-temperature, high
efficiency devices. Other objectives 
are the development of low-cost 
nuclear fuel for high-temperature 
gas-cooled reactors, and thermionic 
converters for space applications. 

Qualified applicants interested 
in research at Los Alamos are 

invited to send resumes to: 
Director of Personnel, 
Division 64-40 

;alamos 
�F�!�U���g� J���FN�tory 
LOS ALAMOS, NEW MEXICO 

All qualified applicants will receive consideration for employment without 
regard to race, creed, color or national origin. U.S. Citizenship required. 
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Are there any places where people 
might be able to live in outer 
space? Will space exploration have 
a lasting impact on human affairs? 
For a probing answer to these 
timely questions, read-

HABITABLE 
PLANETS 
for Man 
by Stephen H. Dole. A RAND 
Corporation Study. $5.75 

Do you know who discovered the 
true cause of eclipses? For a full 
discussion and translation of the 
works of the first modern scien
tist, celebrated for his theory that 
the physical universe was based 
on an infinite number of sub
stances, read this first volume in 
the History of Physics series -

ANAXAGORAS 
and the Birth 
of Physics 
by Daniel Gershenson and Daniel 
Greenberg $10.00 

Do you wish to know more about 
the making of the world in which 
we live? 

The World of 
Elementary Particles 
by Kenneth W. Ford Paper, $2.95 

Oersted and the Discovery 
of Electromagnetism 
by Bern Dibner Paper, $1.95 

Darwin of the Beagle 
by Bern Dibner Paper, $1.95 

The Victoria and the Triton 
by Bern Dibner Paper, $1.95 

The Atlantic Cable 
by Bern Dibner Paper, $1.95 

To order any of the 
books listed, or for a 
complete catalog,write 
to: 

(tBI . d 11 i', . alS e 
J Pllblishin� Company. Dept. A 

.501 Madison Avenue. 8�# New York, N. Y. 10022 
A di\'ision of GINN &; COMPANY 

which is to say a nonbook, than a dis
ciplined treahnent of a coherent theme. 
It consists of papers, commentaries on 
them and discussions at a symposium 
held at the University of Oxford in 1961 
on the "intellectual, social and technical 
conditions for scientific discovery and 
technical invention, from antiquity to 
the present. "  There are, to be sure, some 
competent-and even a few highly in
teresting-studies of specialized subjects, 
which have intrinsic merit and are 
worth reading. But anyone who antici
pates that this collection will appreci
ably enlarge his understanding of the 
reasons for, the nature of and the cir
cumstances critical to scientific change 
is headed for disappointment. The scope 
of the symposium is so grandiose that it 
is almost meaningless. And no two par
ticipants seem to be in agreement as to 
just what is meant by scientific change, 
let alone what promotes it. One is struck 
by the fact that most of the participants 
rode their hobbyhorses through what 
are by now thoroughly familiar and 
otiose routines. A few examples are in 
order. 

The distinguished mathematician B .  
L .  van der Waerden, describing and 
contrasting the basic methods of Baby
lonian and Greek astronomy, can find no 
better explanation for the achievements 
of the Greeks than that they were "born 
geometers and engineers ."  For this fe
licitous insight he was acclaimed by 
some and jumped on by others . His 
critics also had an easy time attacking 
the evidence he marshals for such hoary 
assertions as that Thales was a geometer 
and that he predicted a solar eclipse. 
Joseph Needham's paper on the Chinese 
scientific tradition is in many respects a 
masterly performance, but it has its 
share of special pleading, of precarious, 
not to say strained, inferences . The pe
culiar arrested development of Chinese 
science after the Middle Ages, he tells 
us, was due in part to social and eco
nomic circumstances, in part to the fact 
that "Chinese conceptions of law did 
not develop the idea of laws of nature." 
He seeks to establish for Asian cultures 
the rightful place too long denied them 
in the 'West, yet he frequently wpakens 
the effectiveness of his critique by ex
cessive claims vulnerable to the skep
ticism of other Sinologists . 

Thomas S. Kuhn's paper on the func
tion of dogma in scientific research, with 
its contrived and, as Stephen E. Toulmin 
observed, unnecessarily paradoxical con
cept of the "paradigm," gave joy to 
Michael Polanyi and irritated other 
commentators. Whether or not Kuhn is 
saying anything more original than that 

it is as hard for scientists as for others 
to break the cake of custom is open to 
doubt. The epitome of the academic 
minuet is the discussion between C. C. 
Gillispie and Mary B. Hesse. Gillispie 
gave a paper entitled "Intellectual Fac
tors in the Background of Analysis by 
Probabilities," which seeks to show the 
effect of earlier uses of statistics in 
measuring social phenomena on James 
Clerk Maxwell in his work on gases and 
statistical mechanics. Miss Hesse in her 
commentary began by praising the 
paper and its "penetrating analysis," 
then trounced it for its serious weakness 
and "confusion," particularly for its 
failure to recognize what Maxwell owed 
to the theoretical work of Rudolf Clau
sius, a debt Maxwell himself explicitly 
acknowledged. Gillispie in reply thanked 
Miss Hesse for her valuable criticism, 
admitted his errors and then reasserted 
the basic validity of his argument. A 
happy ending for all except the reader. 

T
UTANKHAI\IEN, by Christiane Des-
roches-Noblecourt. New York Graph

ic Society ($15). The pharaoh Tutankh
amen, after a reign of nine years, died 
about 1350 B.C. at the age of 18. He is 
remembered primarily for his funeral. 
His tomb, discovered by Howard Carter 
in 1922, had, unlike other Egyptian 
tombs, been robbed only imperfectly. 
The bulk of its incredible treasure re
mained intact some 3,300 years until 
the Carter archaeological party uncov
ered it. This book by the chief curator 
of the National Museums of France, a 
respected Egyptologist, tells the story 
of the find, describes at length and in 
detail the objects that were intended to 
assure the young pharaoh as luxurious 
and elegant a life in his tomb as he had 
known in his palace, and it attempts to 
reconstruct the ceremony of his corona
tion and the years of his reign on the 
basis of his baggage. The account is too 
thick with facts to make it the easiest 
kind of reading, but it is made more 
palatable by a wealth of illustrations, 
some of which are in color and almost 
too stunning to be believed. 

T
HE MATHEl>1ATICAL WORKS OF 

J .  H.  C. WHITEHEAD, edited by I. M. 
James. The Macmillan Company ($45). 
A collection of all the known published 
papers of the eminent British mathe
matician who died suddenly in Prince
ton in 1960 at the age of 55. His earliest 
interest was geometry, from which he 
moved to the classification problem for 
manifolds ;  later he turned to topology, 
both algebraic and classical, to which 
he made contributions of a high order. 
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SCIENCE EDITIf.�NS SCIENCE 
EDITIONS SCIENCE EDITIONS 

SCIENCE EDITII SCIENCE 
EDITION

I 
EDITIONS 

SCIENCE SCIENCE 
EDITION EDiTIONS 
SCIENCE '.,SCIENCE 
EDITIONS EDITIONS 
SCIENCE EO I SCIENCE 

EDITIONS SCIENCE EDITiONS 

F ROM WIL E Y  

10 recent titles in  this series 
of quality scientific paperbacks 

AN INTRODUCTION TO CYBERNETICS 
W. Ross Ashby. For those interested in a 
working mastery of the subject. $1.65 

THE PSYCHOLOGY OF SOCIAL 

MOVEMENTS 
Hadley Cantril. Sets up a systematic frame
work for interpreting social movements; 
through an understanding of them it offers 
an insight into all social movements past, 
present and future. $1.45 

POLITICAL PARTIES 
Maurice Duverger. An incisive analysis of or
ganization and activities of political parties 
in the modern state. $1.65 

ADOLESCENT CHARACTER AND 

PERSONALITY 
R. J. Havighurst and Hilda Taba. The story of 
the development of teenage moral character 
in the setting of a typical American town. 

$1.65 
Dana's MINERALS AND HOW TO 

STUDY THEM 
3rd Edn., revised by C. S. Hurlbut, Jr. The 
classic beginner's book on mineralogy for 
both field work and home study. Profusely 
illustrated. $1.45 

THROUGH SPACE AND TIME 
Sir James Jeans. A fascinating work on the 
nature of the physical universe, from the 
beginnings of time to the possible future. 

$1.45 
REALMS OF WATER 

P. H. Kuenen. Offers a new conception of the 
power of water in forming the character of 
climate and landscape. $ 1.95 

CRESTWOOD HEIGHTS 
1. A. Seeley, R. A. Sim, and E. W. loosley. 
A profile of what goes on in homes, schools, 
clubs, churches of a typical suburban town, 
and how the commuters and families think, 
feel and act. Intro. by David Riesman. $2.45 

SCIENCE AWAKENING 
B. L van der Waerden. An introduction to 
Egyptian, Babylonia n, Greek mathematics, 
which places them in the mainstream of 
Western thought. . $2.65 
THE CLINICAL METHOD IN PSYCHOLOGY 
Robert I. Watson. Shows how clinical meth· 
ods as conceived today come from a wide 
range of literature in psychology, personal
ity, psychotherapy, psychoanalysis, and 
anthropology. $2.45 

�� �r 
For descriptive brochures on all 63 SCIENCE 
EDITIONS, write R. S. Werner, John Wiley & 
Sons, Inc., 605 Third Ave., New York 10016 

He is remembered for these and for his 
influence as a colleague on other mathe
maticians, with whom he was always 
willing to share ideas and in whom he 
inspired deep affection . There are in
cluded a biographical note by M. H. A. 
Newman and Barbara Whitehead and 
a mathematical appreciation of 'White
head's work by John W. Milnor. 

N
ICKEL: AN HISTORICA� REVIEW, by 

F. B. Howard-WhIte. D. Van 
Nostrand Company, Inc. ($6.95) . A 
comprehensive, ably written account of 
the discovery, mining, refining and uses 
of this silvery, corrosion-resistant metal. 
A small proport:on of nickel has been 
found in tools and weapons dating back 
to 3100 B.C., and copper-nickel alloys 
were used in coins, swords and other 
artifacts for many hundreds of years 
before the element itself was identified 
in the 18th century. Like cobalt, nickel 
came from a troublesome ore that was 
dangerous to work because of its arsenic 
content. The root of the word itself
nick-is said to stem from the Beowulf 
saga, in which the word nicor appears 
denoting a sea monster associated with 
devastation. In Central Europe the word 
"nickel" was used as early as 1329 to 
apply to hussies or strumpets, to small 
and ugly horses, to a disability of goats, 
and in an adjectival sense it was asso
ciated with the Devil, "implying be
witched, illusory, spurious, false or even 
stubborn."  This volume recounts many 
curious features of the early history of 
nickel (including such intriguing odd
ments as that early in the 18th century 
nickel was mined in Litchfield, Conn., 
and then shipped to China for the pro
duction of pai-thung, or white copper) 
and also describes in considerable detail 
the modern metallurgy of the substance 
and the rise of the world-wide nickel 
industry. Many fine illustrations. 

NFECT - IMAGERY - CONSCIOUSNESS: 
VOLUME I, THE POSITIVE AFFECTS; 

VOLUME II, THE NEGATIVE AFFECTS, by 
Silvan S. Tomkins .  Springer Publishing 
Company, Inc. ($18) . A third volume 
on cognition and ideology is to follow. 
The three together will constitute the 
author's psychodynamics of personality, 
put together in a little fewer than 700,-
000 words it took 20 years to get far 
enough beyond constant revision to let 
the printer go ahead. The work is thus 
eight years and 100,000 words longer 
than William James's classic Principles 
of Psychology. The talk is about the in
teraction of drives (such as hunger, 
thirst, sex and the need for air) with 
affects. The outstanding affects, as de-

STICKY PROBLEMS 
DRIVING COSTS UP, 
EFFICIENCY DOWN? 

Photo 
courtesy 

.f 
Conolite, 

Inc. 

Highly adhesive materials improperly con· 
tained or separated can cause serious pro
duction stoppages. Eliminate such produc
tion headaches with KVP Sutherland Re
leasing Papers. Their superior releasing 
qualities are attested by their use in a 
broad range of applications by numerous 
companies. 

Photo courtesy of Conolite, Inc. 
Won't stick under heat 
In one of manyroles,a KVPSutherland 
Releasing Paper carries a highly ad· 
hesive plastic laminate through a 
280· curing process. Even then the 
paper strips clean, leaving the lami· 
nate fiber free. 

Photo courtesy of The Rubber Corporation of California 
Strength under pressure 
Another KVP Sutherland Releasing 
Paper keeps multiple layers of sticky, 
uncured rubber separated when die· 
cut. Despite the high pressure, the 
paper doesn't stick or fracture. 

Tailored to your need 
There is most likely an existing KVP 
Sutherland Paper to fit your needs. 
If not. we'll develop one that will. May 
we solve your sticky problem? Write 
to Dept. S·4. 
t & ":'�_r-::::-1�:::J 
1::t.- po.fll'v pocpk, ��-===.I 

KVP SUTHERLAND 
PAPER COMPANY, Kalamazoo, Mich. 
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1 5 2  

To the solid state 
specialist who's 
thinking of 
l!Iaking a change. 

S i g n et ics has o p e n i ngs  for  s c i e n ti sts 

a n d  e n g i n e e rs who h a ve a ta ste 

fo r t h e  exq u i s i t e l y  co m p l i ca ted  

p ro b l e m s  of  m i c ro c i rcu itry .  S i n c e  

n o  rec r u i t m e n t  a d  wo u l d  b e  

c o m p l ete w i t h o u t  a m e n t i o n  of  

u n i q u e  o p po rt u n i t i e s  fo r creat ive 

fu l f i l l m e n t, w e ' d  l i ke to p o i n t  

o u t  t h a t  S i g n et ics  offe rs u n i q u e  

o p po rt u n i t i e s  f o r  creat ive 

fu l f i l l m e n t .  A n d  s i nce we've 

t r u m p ed o u r  o l d e r ,  l a rg e r  

c o m pet ito rs by deve l o p i n g  t h e  f i rst 

s u ccessfu l DTL i n tegrated c i rc u it ,  

i t  co u l d  very we l l  be  that  o u r  

u n i q u e  c re a t i ve o p p o rtu n it i e s  a re 

m o re u n i q u e  t h a n  a n y b ody' s .  

W e  h o pe y o u ' l l  d ro p  u s  a l i n e .  

W rite : S i g n et i cs ,  6 8 0  West M a u d e  

Ave n u e ,  S u n n yva l e ,  C a l i fo r n i a .  

S i g n e t i c s  i s  t h e  o l dest ,  e x c l u s i ve 

m a k e r  of  i n tegrated c i rcu i ts 

i n  t h e  w o r l d .  Fo u n d e d : 1 9 6 1 .  
S u bs i d i a ry o f  C o rn i n g  G l a s s  W o r k s . 

An equal opportun i ty employer. 

SIGNETICS 
INTEGRATED 

CIRCU ITS 

fined by  the author, are Interest-Excite
ment, Enjoyment-Joy, Surprise-Startle, 
Distress-Anguish, Fear-Terror, Shame
Humiliation, Contempt-Disgust and An
ger-Rage. The first two are positive (we 
like them),  the last five are negative (we 
don't like them),  and Surprise-Startle is 
a transitional affect. All these become 
conscious.  They all have bodily attitudes 
associated with them, of which the facial 
expressions such as the smile, the sneer, 
the raised brow and the lowered eyelid 
are most important, numerous and com
plex; there are also sobbing, panting and 
the hung head. Large parts of the books 
are about the face, the chief organ of 
the expression of personality. There is a 
wonderful chapter about the taboo of 
people's not looking each other directly 
in the face and never in the eyes, unless, 
of course, they are in love or are chil
dren. The books are packed with facts 
and with probable facts and are clearly 
and discriminatively written, but they 
show the author to be more concerned 
with his own thoughts than with being 
the eager teacher who leads his students 
to understand him. The reading just 
isn't easy. 

THE ART OF VVARFARE IN BIBLICAL 

LANDS, by Yigael Yadin. McGraw
Hill Book Company ($25) .  A description, 
in the light of archaeological evidence, 
of the art of warfare-vehicles, weapons, 
fortifications, major battles-from Neo
lithic times down to the seventh century 
B .C .  The author, who is professor of ar
chaeology at Hebrew University and a 
major-general (former Chief of the Gen
eral Staff) in the Israel Defense Forces, 
supports his text with a large number 
of illustrations, many of them in color. 

QUANTA AND REALITY. American Re
search Council ($3.95) . A sympo

sium on the physical and philosophical 
implications of quantum mechanics, first 
presented as a radio series in the 1961 
Third Programme of the British Broad
casting Corporation. The contributors 
discuss the evolution of modern physics, 
which has carried us to a new summit 
of understanding and at the same time 
of uncertainty and uneasiness (Stephen 
E. Toulmin) ;  the particle-wave dilemma 
that has forced the mature physicist to 
"forsake his self-appointed status of 
near-divinity" and to admit himself "a 
mere man, with all a man's limitations 
and ignorances" (A. B. Pippard) ; the 
curious conceptual relation between 
waves and probability (Nicholas Kem
mer) , and the controversies over intui
tive models, which touch on the possi
bility that nature need not confine itself, 

as Joseph Glanvill put it in 1661, to our 
shallow models (Mary B. Hesse) . There 
is a windup dialogue between Maurice 
Pryce and David Bohm, representing 
opposite camps, concerning attempts to 
throw light on what is meant by physi
cal reality . They are certainly two gifted 
investigators , but the light they man
age to produce on this occasion makes 
that of the glowworm seem dazzling by 
comparison. 

GENETICS AND MODERN BIOLOGY, by 
George W. Beadle. American Phil

osophical Society ($2) . In the Jayne 
Lectures for 1962 George Beadle, presi
dent of the University of Chicago and 
corecipient in 1958 of the Nobel Prize 
for Physiology and Medicine, gives a 
brilliant sketch of the development of 
the science of genetics from Mendel to 
Watson and Crick. In addition to the 
historical review, he describes the struc
ture of the genetic material, the manner 
in which it carries information, its repli
cation and the mechanism of mutation. 
Beadle is as gifted a popularizer as he is  
an investigator, and some of his anal
ogies in discussing the origins of life 
and human genetics are memorably 
enlightening. 

\V ASP FARM, by Howard Ensign 
Evans. The Natural History Press

Doubleday ($3.95) . A relaxed, agreeable 
and knowledgeable account of the fas
cinating ways of several different kinds 
of wasps : spider, digger, mason, paper. 
The author, associate curator of insects 
at the Harvard University Museum of 
Comparative Zoology, has made many 
field excursions to study these single
minded insects and, in particular, has 
watched them for hundreds of hours 
practicing their labors and civilities on 
his eight-acre farm in Upper New York 
State. Reading his story, one comes to 
admire his perceptiveness, devotion and 
imaginative quest and also the mar
velous fitness for life of these tiny crea
tures that first appeared some 60 million 
years ago, gave rise at one point in their 
history to the ants and at another point 
to the bees and, without having made 
as much of a splash as either of these 
insects, have nevertheless managed 
to achieve a remarkable harmony with 
many different kinds of environment. 
Good photographs by the author. 

MATHEMATICAL PROBLEMS IN THE 
1 BIOLOGICAL SCIENCES:  PROCEED

INGS OF SYMPOSIA IN ApPLIED MATHE

MATICS, VOLUME XIV, edited by R. E. 
Bellman. American Mathematical Soci
ety ($6.50) . What one usually gets in 
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M ED I C I N E  AN D PSYC H O L O G Y  

In Englis h-Imported from the USSR 
MEDICI NE 

Bykov, K.-Th e  Cerebral Cortex and the 
Internal Organs . . . . . 450 pp. $4.50 

Dcssonova, M- .-Rickets . . . . . . . . .  , H i7 pp. 1 . 50 

}-'rolov, Y.-'Vork and the Brain . . . .  230 pp. l . G5 

Iv anov ·Smolensky, A . C .-Essays on the 
Patho-Physiology of the H i gher N ervOliS 
Activity . . . 34 8  p p .  1 . .50 

K:lplan, A .-Obstetrics and Gynccolo�y-a 
textbook for nurses . . . . . . . . . . . . . 339 pp.  1 .  75 

Kh;lVcn, Y. ,  et aI-Diseases of the Thyroid 
G l and . . . 250 pp. 2 . 00 

Kollypin, A ., Lang-ovoir, N. et al-C h i ldren ' s  
Diseases . . . 53 1  pp. 3 . 7 5  

Likhachov . A .-Di seases of the Ear, Nose 
and T h roat . . . . . . . . . . . . . . . .  267 pp. 1 . 75 

Pav!ov8ky, Y . N .-JIuman Diseases with Nat-
ural Foc i . . 345 p p .  2 . 00 

Vclikoretsky, A .-Textbook of 
Surgery . . . .  . . . .  456 pp.  3.75 

Vclvosky. I . ,  P l a tonov, K .  et ai-Painless 
C hildbirth t h rough Psychoprophyiaxis 

4 1 7  pp.  5 . 00 

ZhJanov, V.-Epidemiology. . . . . 34 8  pp. 2 .25 

PSYCHO LOGY 
Pavlov, I.-Selected \Yorks . . . . .  662 pp. 3.50 

r'avlov,  L 1::J.-Psychopatho!ogy and Psychi-
atry . . . . . . . . . . . . . . . . . . . . . .  542 pp. 3.25 

Pla tonov. K.-The \-Vord as a Physiological 
and Therapeutic Factor . . . . . . . . . 452 pp. 6.95 

Uokhlin, L.-Sleep,  Hypnosis,  D reams . 9 1  pp. .50 

S T A T E  P H A R M A C O P O E I A  O F  THE U . S . S . R .  
T h e  N i nth  E d i t ion-first t i m e  tra nslated i nto Engl i s h  
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Write for complete Catalog 

FOU R  CONTINENT BOOK CORP. 
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GAVIN DE BEER • 

Charles DarWin 

Final ly - a defin itive, 
twentieth century b iography 
"The f i rst Darwi n b i ography in  
which a n  attempt is  made to g ive 
us  a ba lanced p icture of Darw i n  
the  m a n ,  the  exp l orer-natura l i st, 
the  geo logist,  the evo lut ion ist, a n d  
t h e  e x p e r i m e nt a l  bota n i st .  S i r  
Gav in  h a s  m a d e  good u s e  n o t  on ly  
of the new i nformation o n  Darw i n  
t h a t  has been  u ncovered i n  recent 
years ,  but a l so of the most recent 
f i n d i ngs and  interpretat ions i n  evo
l ut ionary b i o l ogy . . .  Written in  
easy sty l e ,  free of tec h n i c a l  ja rgon 
. . .  [S i r  Gav in 's  b i ography] w i l l  
h e l p  to e l i m i nate m u c h  e rroneous 
i nf o r m a t i o n  and m i s c o n c e p t i o n  
c o n c e r n i n g  Darw i n . "- E R N ST MAYR, 
D i rector of t h e  Museum of Compar
at ive Zool ogy, Ha rvard U n iverSity 

With photographs ,  drawings ,  maps ;  
$4 .95 at a l l  bookse l l e rs 

DOUBLEDAY 

this ReId are rather meaningless capers 
on the mathematical high wire-and not 
very high at that. But this symposium, 
which offers some fruitful (as well as 
exotic) suggestions, is altogether refresh
ing. Among the more stimulating papers 
are "Machine Models of Self-Reproduc
tion" (Edward F. Moore), "Problems of 
Formulation for ArtiRcial Intel ligence" 
(Marvin L. Minsky) ,  "Knotting Problems 
in Biology" (Max Delbruck) , "Biochemis
try : Sterile or Virgin for Mathemati
cians?" (Arthur B. Pardee) , "Efficient 
Coding for the Desoxyribonucleic Chan
nel" (S .  W. Colomb) , "The Mathematics 
of Pattern Recognition for the Electro
cardiogram" (Max A. Woodbury and 
Lee D. Cady, Jr. ) ,  "Enzymology and 
Kinetics" (Irwin W. Sizer) , "On Some 
Mathematical Problems Connected with 
Patterns of Growth of Figures" (Stanis
law M. Ulam) .  

B IRDS OF THE ATLANTIC ISLANDS : VOL-

UME I ,  by David Armitage Banner
man. Oliver & Boyd Ltd (84 shil
lings) .  This volume, the Rrst of two 
dealing with the birds of the Atlantic 
islands, embraces the Canary Archi
pelago and the Salvage Islands. Among 
the resident and migratory birds that 
are fully discussed on the basis of Ban
nerman's own ReId notes and the ob
servations of many other prominent or
nithologists are the herring gull, Kentish 
plover, black oyster catcher, frigate 
petrel, red kite, Egyptian vulture, Bar
bary falcon, Canarian courser, Meade
\Valdo's chat, gray shrike, Berthelot's 
pipit, chaffinch, chiffchaff, Tenerifean 
goldcrest, shearwater, Laurel pigeon, 
thick-knee, peregrine, buzzard titmouse, 
red-billed chough, great spotted wood
pecker and hoopoe. The text is consist
ently readable; the colored illustrations 
by D. � f .  Reid-Henry are vivid and well 
reproduced.  A second volume, in which 
Mrs. Bannerman joins her husband as 
coIJaborator, will cover Madeira, the 
Desertas, Porto Santo and the Azores. 

A HISTOHY OF cEO�IETHICAL METH-

ODS, by Julian Lowell Coolidge. 
Dover Publications, Inc. ($2.25) .  THE 
MATHEMATICS OF CHEAT AMATEUHS, by 
Julian Lowell Coolidge. Dover Publica
tions, Inc. ($1.50) . Soft-cover reprints of 
two of the late Professor Coolidge's at
tractive and authoritative studies in the 
history of mathematics . The book on 
geometrical methods, Rrst published in 
1940, covers every aspect of geometry, 
from its Babylonian, Egyptian, Indian, 
Oriental and Creek beginnings through 
the modern developments including al
gebraic and differential geometry. The 
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other volume describes the work of such 
amateurs as Plato, Omar Khayyam, da 
Vinci, Dlirer, Pascal, Buffon, Lhopital, 
Diderot and Bolzano. 

ELECTRICITY WITHOUT DYNAMOS, by 
John W. Gardner. Penguin Books 

Inc. (95 cents ) .  An explanation of meth
ods that might be used in the future to 
tap electricity directly from the fuel 
instead of through the roundabout of 
steam plants, turbines and dynamos
whose efficiency is limited to about 40 
per cent .  The fuel cell, magnetohydro
dynamic generation and thermoelectric 
processes are among the approaches 
considered. Illustrations .  

'fHEASUHES OF VENICE, text by Michel-
angelo Muraro and Andre Grabar. 

Skira : The World Publishing Company 
($29.50) . A lavishly illustrated survey of 
Venetian art-paintings, sculpture, ar
chitecture, frescoes, mosaics, drawings, 
manuscripts, art objects, goldwork, tap
estries. Eighty-five of the plates are 
printed in six colors by letterpress, 40 
are reproduced in black-and-white helio
gravure, and all are separately printed 
and mounted on the book pages . The 
text seeks to relate the art forms to the 
circumstances of Venetian history.  

SYMBIOTIC ASSOCIATIONS, edited by 
P. S. Nutman and Barbara Mosse. 

Cambridge University Press ($9.50) . 
The term "symbiosis" was defined some 
80 years ago by the biologist A. De Bary 
as an association in which two different 
species live together in a close spatial 
and physiological relation. The species 
may be reciprocally dependent, or one 
may profit at the expense of the other, 
or again one member may benefit with
out affecting the other. Much research 
has been done on this subject, which 
not on ly is of considerable intrinsic sci
entific interest but also attracts man's 
attention as a symbol and reminder of 
his own problems of coexistence. This 
volume is a symposium of the Society 
for General Microbiology held in Lon
don in 1963 and is primarily concerned 
with mutually beneficial relations be
tween dissimilar organisms, or at least 
nonpathogenic partnerships. Many bi
zarre examples are discussed of associa
tions between microorganisms, between 
microorganisms and higher plants, be
tween bacteria and animals such as pro
tozoa, beetles, sheep, cows and other 
vertebrates .  Illustrations.  

'l'HE SECOND CAHEER, by Wilder Pen
field. Little, Brown and Company 

($5) .  The author, famous as a neuro-

1 54 

surgeon, has in later life devoted him
self increasingly to writing-novels as 
well as essays . This "second career" is 
here represented by a collection of es
says and addresses, all of which mirror 
his humanity, his broad sympathies and 
his elevated outlook. 

Notes 

LAMINAR BOUNDARY LAYEHS, edited 
by L. Rosenhead. Oxford University 
Press ($14 .40) . This volume, one of the 
publisher's "Fluid Motion Memoirs," 
gives an account of the development, 
structure and stability of laminar boun
dary layers in incompressible fluids.  

TECHNICS AND CIVILIZATION, by Lewis 
Mumford. Harcourt, Brace & World, 
Inc. ($2.95 ) .  A soft-cover reprint of a 
pioneering book on the interplay during 
the past 1 ,000 years of Western civiliza
tion between the social milieu and in
vention. Illustrations .  

THE SEA SHORE, by C .  M .  Yonge . 
Atheneum ( $ 1 .95) .  A paperback reprint 
of an exemplary sketch of the natural 
history of the water's edge by an out
standing marine biologist. Many illus
trations .  

MODEHN DEVELOPMENTS IN AUDIOL
OGY, edited by James Jerger. Academic 
Press ($12) . For researchers, teachers 
and graduate students, a collection of 
papers dealing with progress during the 
past decade in the investigation of dif
ferent problems of hearing, in particular 
of impaired hearing. 

THE ENCYCLOPEDIA OF ENGINEEHING 
MATERIALS AND PHOCESSES . Reinhold 
Publishing Corp. ($25) .  Some 300 arti
cles averaging approximately 2,500 
words in length present reference ma
terial for design engineers, chemists, 
metallurgists, production engineers and 
other technical men in manufacturing. 

KIHK-OTHMEH ENCYCLOPEDIA OF 

CHEMICAL TECHNOLOGY. John Wiley & 
Sons, Inc. ($45) . The second volume of 
the second edition of this encyclopedia 
covers topics from aluminum compounds 
to azo dyes .  

BIOGRAPHY OF PHYSICS, by George 
Gamow. Harper Torchbooks ( $ 1 .95) . A 
paperback reprint of a diverting and in
formative popularization that deals with 
physics and the men who made it. 
Illustrations by the author. 

THE SCIENCE OF LIFE, by Gordon 

Rattray Taylor. McGraw-Hill Book 
Company ($9 .95) . A picture history of 
biology, with a lively and dependable 
accompanying text, that is a fine intro
duction to the subject for young people 
and grownups alike. 

INTEHNATIONAL AUHOHAL ATLAS . AI
dine Publishing Company ($8 .75) .  This 
atlas published for the International 
Union of Geodesy and Geophysics 
classifies the auroral forms and presents 
several dozen photographs of auroral 
displays, some in color. 

MAN AND THE CONQUEST OF THE 

POLES, by Paul-Emile Victor. Simon and 
Schuster, Inc. ($6.95) .  From the Vikings 
to the International Geophysical Year, 
an ably written account by an experi
enced polar explorer of man's gradual 
penetration of the Arctic and Antarctic 
and of the enlargement of scientific 
knowledge about these forbidding and 
beautiful regions .  Illustrations .  

ELECTROMAGNETIC SCATTERING, ed
ited by Milton Kerker. The Macmillan 
Company ($ 19.75) .  A collection of pa
pers presented at an interdisciplinary 
conference on scattering properties and 
phenomena held at the Clarkson Col
lege of Technology in 1962. 

METHODS OF QUANTUM FIELD THEO
RY IN STATISTICAL PHYSICS, by A.  A. 
Abrikosov, L. P .  Gorkov and I. E. 
Dzyaloshinski . Prentice-Hall, Inc. ($ 16) . 
This volume, translated from the Rus
sian by Richard A. Silverman, is an in
troduction to many-body theory and its 
ramifications, a sphere of study in which 
methods borrowed from quantum field 
theory have led to remarkable advances 
in statistical physics . 

BASIC ASTHONOMICAL DATA, edited 
by K. Aa. Strand. The University of 
Chicago Press ($ 12.50) . This third vol
ume of the series "Stars and Stellar 
Systems," a compendium of astronomy 
and astrophysics, describes the chief 
classes of astronomical data that are 
available from ground-based observa
tories and discusses the reliability and 
completeness of these data. Illustrations. 

THE CAMBHIDGE ECONOMIC HISTOHY 
OF EUHOPE : VOLUME III, edited by 
M. M. Postan, E. E. Rich and Edward 
Miller. Cambridge University Press 
($13.50) . This volume, continuing the 
justly admired Cambridge Economic 
History of EU1'ope, consists of essays 
dealing with economic organization and 
policies in the Middle Ages. 
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Who says all females are alike? 

All females are supposed to be un

predictable, unreliable, and hard to 

handle. 

Here's one that isn·t. Irs the "better 

half" of Amphenol"s new Ultra-Mate· 

connector. 

Want go/no-go reliability? The 

Ultra-Mate connector is more than 

predictable. You can bet your life on 

it -which is exactly what astronauts 

do each time they soar away from the 

launch pad. You know that if an Ultra

Mate connector checks out on the 

ground, it will operate perfectly in 

flight-always and without question. 

Ultra-Mate owes its go Ino-go relia-

bility to its closed entry hard dielec

tric. Ultra-Mate is the only truly envi

ronmental space-age connector that 

combines a hard dielectric construction 

with front release of contacts. Any 

stubby"fingered technician can assem

ble or rework an Ultra-Mate connector 

in mere seconds. 

Take a close look at the Ultra

Mate. Each socket is surrounded by a 

concave entry way that corrects slight 

misalignment of pin contacts and stops. 

badly bent pins cold; you can·t close 

the connector at all until the bent 

contacts are replaced. 

Now look a little closer. See the tiny 

·Ultra·Mate Is a Trademark of Amphenol .. Borg Electronics Corporation 

keyways fanning out of each entryway? 

These are the secret of Ultra-Mate· s 

front contact release system. 

Only the standard removal tool can 

enter the keyways and release the con

tact. The hard dielectric keeps over

size contacts, probes, and other "bad 

guys" outside, where they can·t do 

any damage. Ultra-Mate is idiot-proof. 

Ultra-Mate availability? You can 

specify Ultra-Mate connectors now in 

all basic sizes referenced in MIL-C-

26500 and MIL-C-38300. Write for 

complete data to: Ned Spangler, Vice

President, Marketing, AmphenoI. 1830 

South 54th Avenue, Chicago 50, Illinois. 

A DIVISION OF AM PHENOL-BORG ELECTRONICS CORPORATION <RmphEnO!>. 
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ARGONNE'S 3600 

ACCELERATES SCIENTIFIC 

ANALYSIS TOWARD 

PEACEFUL USE OF 

THE ATOM 

Photos courtesy Argonne National Laboratory 

At Argonne National Laboratory in Illinois, science is 
proving how nuclear energy can benefit the world through 
peaceful appli(;ation. In their experiments, Argonne 
scientists produce vast amounts of information enabling 
them to harnes:; nuclear energy and use it constructively 
-for heat, light and fuel, for deeper understanding of 
man's biological make·up, and for discovery of new 
methods and materials to achieve peaceful progress. 

To preserve the value of this increasing volume of experi· 
mental data, they use a CONTROL DATA 3600 Computer 
System to rapidly analyze the data and produce practical 
computations-analyses that are assisting in the develop· 
ment of nuclear fuels, new methods in medical radiology, 
new power reactor designs. 

The problems being solved by Argonne scientists are 
paralleled by other progressive organizations the world 
over who are putting the CONTROL DATA 3600 to work 
in science, industry, and economics. The reason: the 
CONTROL DATA 3600 offers more computations per 
dollar than any other commercially available computer 
system in operation today. 

For more detailed information on the CONTROL DATA 

3600, we invite you to inquire direct or through your 
nearest Control Data representative. 

CONTROL DATA 
. - - . - . • 

8100 34th AVE. SO . •  MPLS. 20. MINN. 

OFFICES: 
Albuquerque . Beverly Hills . Birmingham • Boston • Cape Kennedy . Chicago . Cleveland • Dallas • Dayton • Denver . Detroit. Honolulu • Houston 
Huntsville. Ithaca. Kansas City. Kansas. Los Altos. Minneapolis. Newark. New York City. Omaha. Palo Alto. Philadelphia. Pittsburgh. San 
Diego. San Francisco. Seattle. Washington, D.C . •  Frankfurt, Germany. Melbourne, Australia. Lucerne, Switzerland. Zurich, Switzerland. Paris, France 
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